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PREFACE 


This  index,  for  AGARO  publicai  ons  published  during  the  period  19'^  1 - 1973.  differs 
from  previous  AGARO  Indexes  m that  the  Abst. act  Soction  (Part  II  and  the  indexes  (Part  II) 
have  been  consolidated  under  a single  cover 

By  an  arrangement  with  the  U S National  Aeronautics  and  Space  Administration  m 
Washington,  the  NASA  compmenzetl  data  base  and  abstracts  have  been  used  to  p'eoa'e 
this  publication 

There  are  five  indexes  • Subiect.  based  on  NASA  Thesaurus  nomenclature.  Personal 
Auihoi.  Corporate  Source  Report  Number  and  Accession  Number  Sample  entries  will  he 
found  on  the  first  page  of  each  index 

The  34  NASA  categories  have  been  used  for  absiiact  location  Abstiacis  are  arranged 
by  senes  and  year  m each  category  N 10.000  Senes  iSTARi.  and  X70.000  Senes  m that 
order  Abstract  lookup  from  the  indexes  has  been  facilitated  by  use  ol  page  nunibers  A 
typical  citation  with  abstract  is  located  immediately  after  the  Tnblr;  of  Contents 
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05  Biotechnology 
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properties  of  materials,  metallurgy,  and  applicatio.-ts 
as  structural  materials  For  basic  research  see  06 
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ing: inertial  platforms,  and  air  traffic  control  For  re- 
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optics.  For  astrophysicfi  see  30  Space  Sciertces  For 
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lunar  ond  planetnry  flight  and  exploration,  and  the- 

oretical analysis  of  orbits  and  trajectories  For  related 
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abstract 


1 

N7A-12713#  AOvtaory  Group  lor  A«ro«poco  RoMOrch  and 
Ooaolopmoru  Ptna  (FratKO). 

MARKINOfl  FOR  PROPELLER  COMBPICUITV  ~ 

T r 0 Whrtaaida  (RAF  Inat  ol  A«ation  Mad ) Sap  ^ 1973 

TTp~15R  - 

(AGARD  AR-SB)  Avail  NTIS'hC$3  0O- 

Tha  ganaral  protilam  ol  markiflg  propollaia  ao  iNai  tltay 
may  be  aaan  m diacuaaad  Tha  propallar  muat  ba  conapicuoua 
to  paraona  waHurtg  near  it  whan  tiM  aircraft  >a  on  tha  ground 
but.  on  tha  oihar  hand,  m taxving  artd  wi  flight  it  mutt  not  ba 
Mracting  oi  annoying  (o  tha  pilot  Other  laclora  to  ba  contidarad 
«ra  tha  oontpcuity  at  low  and  at  high  rpm.  tha  conipicuitv 
againat  vanout  backgrounda  airKa  marttinga  aaaily  vtaibla  againat 
I dark  ground  may  not  ha  waibU  againat  a light  ground,  tha 
jaa  of  colourad  markinga  which,  although  aaaily  aaan  on  a 
itaborwry  propallar.  baeoma  daaaturatad  whan  the  propallar  ia 
-ummg.  and  finatly.  tha  praaanca  ol  bnghtnaaa  and  of  colour 
;ontraat  with  tha  background  In  theory,  to  obtain  maximal 
Mighiiiaaa  contraat.  black  and  white  markinga  ahoutd  ba  uaad 
a>  that  tha  tiadai  may  ba  *aan  againat  aithar  light  and  dark 
■•ckground  Aa  black  matt  paint  may  appear  gray  a<nca  it  acattari 
neidanl  light,  tha  markinga  ahould  ba  in  a gioaa  Timth.  Authoi 
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01  AERODYNAMICS 

Inclutlot  •#rodyn«mic«  o1  bodi«s  comb«n«ttont. 
floiM  in  ducts  and  turtx>m«chin€ry.  wings,  'otors  and 
control  turlaces  For  aoolM:8(K)r.s  m«  02  Aircrah  and 
31  Spaca  Vehiclaa  For  relatad  mformatfOn  sea  also  12 
Fluid  Mechanics,  and  33  Thermodynamics  and  Combus- 
tion 


N71  17432/^  Advtsofy  Gfovip  fof  Aerospace  Research  and 
Oevelopment.  Pans  (Frarice} 

MANUAL  ON  AEROELASTICITY : SUBJECT  AND  AUTHOR 
INDEX 

t C P.ke  td  Jar.  1971  29  r* 

(AGARO  R 578-711  Avail  NTiS 

The  ’.)ubiect  inde<  and  Author  index  cover  all  the  cheoters 
in  the  SIX  oost-leal  volumes  of  the  Manual  on  AeroeiasticitY  and 
were  up  to  date  <n  April  1970  Since  (hat  date  new  chapters  of 
the  manual  have  been  published  m the  AGARO  Report  series  The 
Indexes  are  published  m two  (orms  m the  AOaRD  Report  ^enes 
as  AGARO  Report  570  and  in  loose-leaf  form  for  .nsenion  »n 
Volume  VI  c*  the  Manuel  Entries  ere  given  by  volume  chapter  and 
page  number  Foi  example,  II  ^9.'56  denotes  Volume  (i.  Chapter  9, 
page  56  Thv  lottvr  S after  a chapter  number  der>oies  a supp'ement 
to  that  chapter  The  letters  TG  denote  (he  section  of  tables  and 
graphs  m Volume  VI  The  abbreviation  iNTRO  denotes  the 
introductory  survey  m Volume  I Auihi^r 

N71*193ft3|l  Advisory  Gruup  fOr  AerOSPaCC  Reses'cn  and 
Development.  Pans  (France) 

aerodynamic  INTERFERENCE 

Jan  19/1  451  p refs  Presented  at  Fluid  Oyn  Panel  Specalitts 
Mealing.  Silver  Spring.  Md  .26  ~ 30  Sep  1 970 
(AGARO-CP-71  711  Avail  NTiS  HC S6  00 /MF  $0  95 

Aerodynamic  interference  characteristics  of  various 
airframe-propuliion  systems  for  commercial  transport  and  military 
aircraf't  are  discussed  Wmg-fuselage  store  designs  and  body-wing 
and  tail  configurat'on  effects  are  emphasized  For  individual  titles 
see  N71  19354  through  N7l  1P388 

N71  1936411  Royal  Aircraft  Establishment.  Femborough 
fEnglaod!  Aerodynamics  Oept 

80ME  REMARKS  ON  THE  INTERFERENCE  BETWEEN  A 
SWEPT  WIND  AND  A FUSELAGE 

0 Kuechennsnn  In  AGARO  Aerodyn  Interferance  Jan  1971 
n p lefs  l£e*N7l  19353  09  01! 

Avail  NTIS  HC$6  00/MF$095 

Principal  physical  interference  effects  which  occur  when 
e swept  (or  unswepi)  wing  is  lomed  to  •*  fuselage  are  analyzed 
The  flow  IS  dorrunatad  by  what  happens  in  the  junction  between 


the  two  bodies  here  the  ir.ierference  is  largest  Vhe  leading  terms 
•n  the  vaiocity  field  can  be  interpreted  as  being  caused  m part  by 
the  mierference  with  the  mirror  'mage  in  a pl?ne  wall  of  the  half 
Wing  Outside  the  fuselage  This  reflection  effect  o>,)ends  meinly  on 
the  sweep  angle  encj  the  dihedral  angle  In  addition  theru  is  a body 
interference  effect  at  all  sweep  and  dihedral  ant, Ins  ‘.he  method 
ol  sirvguianties  is  applied  to  calculate  the  mviscid  tiow  field  for  sorr.v 
Simple  cases  with  and  without  lift  Theoretical  and  experimental 
results  demonstrate  quite  clearly  the  magnitude  of  (he  inierfarance 
effect  Author 


N71  1936Si(/  Deutsche  Forschungs-  und  Versuchsanstait  fuer 
Luft-  und  Raumfahrt.  Goettingen  (West  Germany) 

WIND  TUNNEL  INVESTIGATION  OF  THE  VOhTEX  SYSTEM 
NEAR  AN  INCLINED  BODY  OF  REVOLUTION  WITH  AND 
WITHOUT  WINGS 

I- -M  Groscne  m AGARO  Ae'Cdyh  In’erferenijA  J®n  1971 
15  p refs  (See  N71-19353  09-011 
Avail  NTIS  HC$6  00/MF$0  95 

The  flow  field  on  the  suction  side  of  a slender  body  of 
revolution  With  and  without  wings  was  investigated  by  means  of 
a directional  probe  in  a 3 m x 3 m low  speed  wmd  tunnel 
Measurements  have  been  conducted  at  Mach  numbers  Ma  0 12 
and  Reynolds  numbers  Re  - 6OC.OD0.  based  on  free  stream 
velocity  and  br.)dv  diameter  The  model  was  tested  at  angles  of 
attack  alpha  - 7 deg.  1 0 deg.  1 5 deg.  20  deg  From  the  measured 
data,  the  cross  flow  velocities  and  the  isobars  of  total  pressure  lost 
were  computed  Position  and  strength  of  the  vortices  wore 
d itermined  as  functions  of  the  axial  coordinate  There  ate  significant 
(V.  vietions  fforn  The  results  of  measurements  ai  high  subsonic  or 
svoertonic  volocilies.  as  well  as  from  measurements  at  substantiaK/ 
U.tvcr  Reyno'ds  «'jrnb»*fs  The  strength  of  the  body  vortices  't 
considerably  reduced  by  the  presence  ot  the  wings  Author 

N71-19356||f  Boeing  Co.  Seauie.  Wash  SST  Aerodynamics 
Cor^fiQurabon  Group 

CONSIDERATIONS  OF  AERODYNAMIC  INTERFERENCE  IN 
SUPERSONIC  AIRPLANE  DESIGN 

Edward  J Kane  and  Wiibur  0 Middleiorr  In  AGARO  Aerodyn 
Interference  Jan  1971  16  p refs  (See  N7  1 - 1 9353  09-0 1 ) 

Areil  NTIS  HC$6  00/MF  $0  95 

Methods  for  optimizing  the  interferences  between  aircraft 
w>ng  and  body,  wing  and  engine  nacelles,  and  wing  and  trimming 
surfaces  <n  supersonic  flow  are  discussed  Theoretical  concepts  are 
revHwved  ar>d  expanded  where  r>ecessary  to  understaivl  the  ohysical 
rele’iui^ship  that  leads  to  the  most  lavotable  irrangement  o'  the 
configuration  components  Specific  applications  are  illustrated  by 
exmples  employing  analyses  of  both  theoieticai  and  experimental 
fle’a  Author 

N71-19367*a  National  Aeronautics  and  Space  Administration 
Ames  Research  Center.  Moffett  Field  CatJ 
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01  aeroovnamics 


RtCiNT  fXPffllENCI  IN  U8INQ  flNli'E  I 'MtiNT 
METHODS  roll  the  SOLUTION  Of  ^MS  IN 

AERODYNAMIC  INTERFERENCE 

Rftlph  L Ctroiicht«l  /n  AGARD  Avrodyn.  In'  .n  • Jan. 
1571  6 p (S«*N7M93B3  0«  0U 
(NASA  TM-X-ee884)  Avail  NTlS  CSCL  200 

Oiacmta  tata  of  alamontary  solutiooa  of  tha  Iitm.«  itea  > luatioria 
of  EM  dynamici  for  aolvmg  problama  of  flow  jou*  nrplana 
conSgurstiont  art  comOinoO  m tuch  a way  tha  uu'  . lundary 
condftiona  of  <aro  flow  through  physical  turfacaa  ifiao  at 

larga  numbors  of  control  points  on  the  surisces  Ce  < &t>c  s using 
Oiacrete  elements  and  discrete  control  points  pr^  ^olut»ons 
conaittent  with  closed-form  solutions  that  satisfy  trie  or  indary 
conditions  everywhere  An  ensting  corr^uter  progran  (or  licting 
the  flow  about  simple  wmg-body  combinations  ii  evirniied  to 
include  bodies  other  than  the  mam  fuselage  uthor 

N7118398I  National  Physical  lab.  Taddmgt.  ^ (£n^  and) 
Aerodynamics  Oiv 

THEORETICAL  AND  EXPERIMENTAL  INVESTIGATIONS 
OF  WING  BODY  CONFIGURATIONS  AT  LOW  SUI  cRSONIC 
SPEEDS 

J.  Bridgewater.  R C Lock,  and  G f Lee  in  AGARf  Aerodyn 
Interference  Jen  1971  1l  p refs  (See  N71-193S3  0^-01) 

Aveil  NTIS  HCS6  00/MFS0  95 

Wiog-body  combinations  with  modifications  to  te  shapes 
of  the  basic  bodies,  wmg  leading  edges  and  wing  roots  ur  reduced 
dreg  it  transonic  and  low  supersonic  speeds  were  studied  Force 
end  pressure  measurements  ere  g.ven  for  a 55  deg  sweot  wmg 
mounted  m turn  on  two  asymmeiricaliy  waisted  bodies  The  first 
oody  was  designed  with  the  eid  of  the  transonic  area  rule  and 
the  second  was  e modified  version  of  this  design  to  give  improved 
parformartce  at  low  supersonic  speeds  Additional  eRperimentai 
results  ere  presented  for  a second  wmg  having  a much  blunter 
leading  edge  shape  so  as  to  give  a peaky  type  of  pressure  distribution 
m piece  of  the  roof  top  pressure  distribution  of  (he  first  wmg 
Finslly  considered  is  the  bierdmg  of  varying  wmg  .action  shapes 
r.iar  the  root  of  swept  wmgs  at  supersonic  speeds  m or  ler  to 
•chieve  a favorable  combined  wmg  body  pressure  field  mbo;  d or. 
the  wind,  thus  offering  the  possibility  of  dreg  reduction  without  the 
use  of  body  waisimg  Author 


N71-1S389iK  Techmsche  Hogeschool.  Oelft  (Netherlands) 

LIFT  AND  DRAG  CHARACTERISTICS  OF  DELTA  WING 
HAlf  CONE  CONFIGURATIONS  WITH  SUBSONIC  LEADING 
EDGES.  USING  SLENDER  BODY  THEORY 

W J.  Banntnk  and  J W Reyn  in  AGARD  Aerodyn  Inierferencv 
Jen  1971  11  p refs  (See  N7 M3353  00  O’.  J 
Avail  NTIS  MCSeOO/MF$095 

Configurations  composed  of  a cone  with  a half-circular 
crose  section  mounted  asymmetrically  with  respect  to  a delta  wmg 
of  zero  thickness  with  subsonic  leading  edges  and  placed  in  a 
supersonic  flow,  are  studied  using  slender  body  theory  The  lift  and 
dreg  characteristics  are  compared  to  those  of  configurations  having 
an  identical  wmg  and  a symmetrically  disposed  circular  cone  of 
equal  volume  as  the  half  cone  A disposition  of  a half  cone  on  one 
side  of  the  delta  wmg  shows  a drag  reduction  at  a given  lift 
compered  to  the  symmetrical  full  cone  configuration,  provided  (he 
body  diameter-wing  span  ratio  i$  larger  than  0 45  hpproRimately 
However,  the  high  wmg  disposition  is  preferable  to  the  low  wmg 
sirKe  lower  angles  of  incidence  are  required  to  attain  a certain  irft 
Below  the  raiio  of  0 45  the  symmetrical  system  appears  to  be 
more  favorable  The  lift  curve  slopes  of  asymmetrical  configurations 
studied  are  larger  than  those  of  symmetrical  configurations 

Author 


N71-18380a  Messer^chmitt  Boelkow  GmbH.  Munich  (West 
Germany) 

00WNWA8H  investigations  ON  TAU8  OF  MISSILES 


C Gregonou  and  < Leude  (OFVLR.  Brunswick.  West  Germany) 
tn  AGARD  Aerodyn  Interference  Jan  l97l  14  p rets  (See 
N7M9353  09-01) 

Avail:  NTIS  HC$6  00/MF$0  95 

A nurMencat  method  wes  developed  to  calculate  the  dowr^arli 
and  hence  the  forces  and  moments  on  missile  taiU  This  method 
It  pnncioelly  based  on  the  linear  lifting  surface  theory  and  can  be 
applied  in  the  compressible  subsonic  range  at  any  angle  of  attack 
ar^j  bank  The  results  of  tha  calculation  mdicite  a uonlmaar 
dependence  of  the  average  downwash  angle  ori  the  angle  of  attack 
Generally,  theoretical  rasulU  show  good  agreertent  with  wmd 
tunryel  tests  Author 

N71-1B361*|  National  Aeronautics  and  Space  Admmistratir.n 

Langley  Research  Center.  Langley  Station.  Va 

EXTENSION  OF  A NUMERICAL  SOLUTION  FOR  Tl.c 

AERODYNAMIC  CHARACTERISTICS  OF  A WtNC  TO 

INCLUDE  A CANARD  OR  HORIZONTAL  TAIL 

Barrett  L Shrout  In  AGARD  Aerodyn  ln»erfeien'~.'  Jan  1971 

12  p refs  (See  N71  193E309  Oil 

fNASA-TM  X-66886)  Avail  NTIS  CSCL  20D 

P method  for  predicting  the  aerodynar^io  lifting  surface 
charecter>;tics  of  wmg-horizonlal  tail  confiQura  .c>n$  or  canard  wing 
contiguiations  at  supersonic  speeds  is  discussed  The  numerical 
solution  has  been  programmed  for  a digital  com(>uter  and  is  part  of 
a corrplex  of  computer  programs  used  m the  dijsign.  optimization, 
and  evaluation  of  aircraft  configurations  ai  Supr  rjonic  speeds  The 
present  method  predicts  lift.  drag,  and  moment  :haracterisiics  over 
a range  of  lift  coefficients  and  for  vanour  control  settings 
Thec'eticai  and  experimental  data  are  comparec  for  wmg-horizontai 
tail  configurations  and  for  canard  wmg  confi^iurattons  at  various 
Mach  numbers  These  comparisons  show  both  the  basic  data  with 
control  defections  and  some  final  trimmed  drag  polars  Some  data 
are  also  preseriieo  to  show  ilic  to  wh.ch  pregra.m  limitations 

affect  the  accuracy  ol  the  analytic  methods  Author 


N7l*1S362y  Office  .'National  d Etudes  et  de  Recherches 
Aerospaiiales  Pans  (France) 

CALCULATION  OF  ACRODYNAMIC  INTERACTIONS 
BETWEEN  LIFTING  ELEMENTS  OF  AN  AIRPLANE  IN 
SUPERSONIC  stationary  OR  NONSTATIONARY  FLOW 
ICALCUL  O INTERACTIONS  AEROD YNAMIQCES  ENTRE 
L£S  ELEMENTS  PORTANTS  O'UN  AVION  EN  ECOULEMENT 
SUPERSONIQUE  STATIONNAIRE  OU  INSTATIONNAlREl 
Michel  Enselme  Jean-Paul  Boisseau.  and  Andre  GuiHois  fn 
AGARD  Aerodyn  Interference  Jan  1971  7 p refs  In  FRENCH. 
ENG LI5H  summery  t See  N7  1 ■ 1 9353  09-0  1 1 
Ove<i  NTtS  HCSeoO  MFS0  95 

Alter  recalling  the  principle  of  analog  computation  of  a 
lifting  assembly  in.  supersooi;  steady  Of  unsteady  flow  a numerical 
process  «5  presented  that  uses  an  explicit  rnethod  for  computing 
the  solutions  of  the  wave  eauaiion  Results  obtained  either  by 
analog  or  by  numerical  computations  are  presented  for  wing-body 
Of  wing  pod  inierect'ons  and  for  a wmg  of  arbitrary  planform  in 
unsteady  Mow  Author 


N7l*193B3ji  Naval  Ship  Research  and  Oevelopmenr  Center, 
Washington,  0 C 

THE  EFFECT  OF  ANGLE  OF  ATTACK  ON  INDUCED 
ROLLING  MOMENT  FOR  A LOW  ASPECT  RATIO  MISSILE 

Raymond  P Le  Beau  In  AGARD  Aerodyn  Interference  Jan 
1971  11  p refs  iSee  N71- 19353  09-01 » 

Avail  NTIS  HC  $6  00' MF  SO  95 

Two  Wind  tunnel  tests  were  conducted  to  examine  the 
characteristics  of  the  induced  rolling  moment  of  two  small  span 
missile  configurations  at  transonic  Macn  numpers  for  anyies  u( 
attack  up  to  90  deg  The  induced  roliioq  moment  at  a roll  angle 
of  22  5 deg  was  found  to  increase  with  angle  of  attack  to  a peak 
value  then  remain  near  that  value  to  90  deg  This  peak  occurred 
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•ngl««  tMtw««n  ?S  dOQ  ind  40  dtg  It  was  also  obsarvad  that 
n«^ativa  valuaa  of  mducad  follmg  moment  at  a foil  angla  of  22  5 
d#9  occurrad  for  ona  configuration  whan  the  angle  of  attack  was 
laaa  than  20  dag  Author 


N7l-1t364fil  Natiortal  Aarospaca  Lab  . Amsterdam  (Natherlands* 
Oapt  for  Thaoratical  Aerodynamics 

AN  APPROXIMATE  METHOD  FOR  THE  CALCULATION  OF 
THE  PRESSURE  DISTRIBUTION  ON  WIND  BODY 
COMBINATIONS  A1  SUBCRITICAL  SPEEDS 

Th.  E Ljbrujara.  W Loava.  and  J Slooff  in  aQARD  Aerodyn 
li.tarfaranca  Jan  1971  17  p refs  (Saa  N71-19363  09-01) 

Avail  Nils  HCS600/MFS095 

A method  .s  described  which  makes  it  possible  to  calculate 
accurate  pressure  distributions  on  lift  ng  configurat  ons  at  Mach 
rtumbara  up  to  the  critical  value  The  compressible  flow  around  a 
ccnfiguraiiOn  is  related  to  an  incompressible  flow  by  means  of 
Ooathert's  rule,  which  is  supplemented  serm  empincAlly  The  iteratn/e 
schama  for  solving  the  large  system  of  Imeav  simultaneous 
equations  that  is  involved  with  the  incompressible  fow  problem  is 
optimited-  Assuming  a simple  wake  configuration  tlie  method  has 
been  applied  to  a number  of  iihing  wing-body  combination^ 
Comparisons  with  measured  pressure  distributions  show  that  the 
method  can  be  used  when  studying  wmg-body  mterfe  ence  problems 
in  tubcritical.  attached  flow  Author 


N71-193B6I  Naval  Ordnance  Lab  . White  Oak.  Md 
AERODYNAMIC  INTERACTION  PHENOMENA  PRODUCED 
BY  A FIN  PROTUBERANCE  PARTIALLY  IMMERSED  IN  A 
TURBULENT  BOUNDARY  LAYER  AT  MACH  6 

Allan  E-  Y/mkelmann  In  AGARO  Aerodyn  intenerence  jan 
1971  12  p refs  (See  N7M9353  09-011 
Avail:  NTIS  HC$6  00/Mf  $0  95 

Various  flow  vituafuation  results  are  presented  for  a 
cylirtdrically  blunted,  unswept,  unyawed  fm  partially  immersed  >n  a 
turtHilant  boundry  layer  The  model,  consisting  of  a fm  flat  plate 
comtHhaiion.  was  mounted  on  the  tr  st  plate  nozzle  wall  of  a 
bcundary  layer  channel  Experiments  were  completed  at  a nominal 
Mach  number  of  5 and  nominal  freo  stream  Reynolds  numbers  per 
foot  of  X.8  X 1 million  and  7 4x1  million  Azobemene  tests  show 
regrons  of  high  heat  transfer  t(  occur  on  the  flat  plate  immediately 
upatreem  and  downstream  of  th^  fm  Oil  smear  tests  show  m detail 
the  surface  shear  directions  and  lOQc'rtons  of  separated  Tow  which 
occur  on  the  modal  Schiieren  and  . 'adowgraph  photographs 
irtdicatf  the  complex  shock  wave  structure  wi.iwh  exists  m front  of 
the  fin  A.utho' 

N71-1B369*|  National  Aeronautics  and  Space  Administration 
lewis  Resesreh  Center.  Clevelend.  Ohio 

FLIQHT  AND  WIND  TUNNEL  INVESTIGATION  OF 
INSTALLATION  EFFECTS  ON  UNDERWINQ  SUPERSONIC 
CRUISE  EXHAUST  NOZZLES  AT  TRANSONIC  SPEEDS 
Daniel  C Mikkelson  and  Barnard  J Blaha  In  AGARQ  Aerodyn 
Interference  Jan  1971  10  p refs  (See  N71-19353  09-01) 
(NASA-TM-X  eeBB?)  Avail  NTIS  CSCL  200 

A combined  flight  end  wind  tunnel  test  program  is  bemg 
conducted  utilizing  a modified  F-106  aircraft,  to  investigate 
airframe  installation  affects  on  exhaust  nozzle  systems  mounted  on 
underwing  engine  nacelles  Flight  tests  in  the  transoruc  speed 
regime  determined  nozzle  performance  and  boattail  drag  for  variable 
flap  ejector,  conical  plug,  and  auxiliary  inlet  elector  nozzle  concepts 
Wind  tunnel  tests  were  conducted  on  isolated  models  of  these 
notzfes  end  also  o*'  e 1/20-sceie  mod*!  nf  th«  F-106  aircraft  with 
simuleted  underwing  engine  nacelles  Wmg  and  nacelle  pressures 
from  these  wind  tunnel  tests  are  used  to  qualitatively  explain  the 
observed  mitalletion  effects  The  1 /20-scale  model  was  also 
usad  to  evaluate  the  effects  of  changes  m nacelle  geometry  and 
angie>of  attack  Author 


N71-193B7I  National  Aeronautical  Establishment.  Ottawa 

fOrttano) 

THE  HmLF  cone  PRESSURE  FIELD  AND  ITS 
BIONIFICANCE  TO  SIDE  MOUNTED  INTAKES 
O J Peake.  0 J.  Jones,  and  W J Rambird  In  AGARO  Aerodyn 
Interference  Jen  1971  12  p refs  (See  N7  1 - 19353  09-01 ) 

Avail  NTIS  HCS6.00/MFS0  95 

The  supersonic,  mviscid  flow  field  about  an  isolated  half 
cone  has  bean  computed  anu  the  result  applied  to  a sami  cone 
intake  moun'id  adiacent  to  an  aircraft  fuselage  The  pattern  of  the 
intake  external  Row  was  obtained  from  an  aircraft  model  tested 
in  a Mach  number  M » 1 6 siretraam.  incorporating  a 26  degree 
aemi-angle  half  cone  The  fuselage  boundary  layer  approaching  the 
intake  was  turbulent,  corresponding  to  a Reynolds  nu.mber  of  0 8 
X 1 million  bssed  upon  the  intake  capture  dimension  The  strong, 
three  dimensional  character  of  the  interactions  that  r>ccur  between 
the  irtaka  shock  system  and  the  fuselage  boundary  layer  imply  that 
arty  boundary  layer  control  system  must  be  designed  to  remove 
the  effects  of  three  dimension.*!  rather  than  two  dimensional 
aeparations.  Author 


N71-193B8*!  National  Aernnautics  and  Space  Administration 
Langley  Research  Center.  Langley.  Va 

AERODYNAMIC  INTERFERENCE  BETWEEN  EXHAUST 
SYSTEM  AND  AIRFRAME 

Jack  f Runckal  In  AGARD  Aerodyn.  Interference  Jan  1971 
13  p refs  (Sea  N7M9353  09-01) 

(NASA-TM-X.66808)  Avai.  NTtS  CSCL  01 A 

Mutua!  aircraft  afterbody  ar>d  engine  nozzle  interfarerices  are 
atudied  by  a model  experimental  investigations  of  jet  intarfarenca 
at  aubsonic.  transonic,  and  supersonic  speeds.  Ernphasis  is  placed 
on  twirt-engme  fuselage  configurations  w>th  nozzles  installed  near 
the  tCimmus  of  the  afterbody  where  the  interactions  of  the  nozzle 
exhausts  and  the  external  stream  produce  a complex  Row  field 
environment.  Airframe  mterfeierKes  cn  nozzle  performance  considered 
are  ir.statidtion  locations  m the  afterbody,  boatlailmg  ahead  of  the 
nozzles,  and  effects  of  tails  and  protuberances  Nozzle  shape  and 
tet  exhaust  interference  can  alter  aircraft  pe  formance  and  staUilitv. 
the  effect  on  afterbody  drag  of  nozzle  exit  axial  location  appaari 
to  pose  more  prob'ems  than  the  laierat  spacing  of  the  rtozzles  For 
closely  spaced  nozzles  the  shape  of  the  inierfamng  between  the 
no’zfes  has  a pronounced  effect  on  afterbody  and  nozzle 
performance  Autfior 

N71-19369ll/  General  Electric  Co  . Cincinnati  Ohio 

AIRFRAME  PROPULSION  SYSTEM  INTEGRATION 
ANALYSIS  USING  THE  PROPULSION  SIMULATOR 
TECHNIQUE 

John  T Koiney  In  AGARO  Aerodyn  Interference  Jan  1971 
21  p rels  'See  N71  19353  09  on 
Avail  NTIS  HC$6  00/MF$0  95 

The  propulsion  simulator  technique  was  conceived  to  piovide 
the  analysis  and  evaluation  of  the  total  system  -)erform8nce  ir  the 
wind  tunnel  of  the  new  high  bypass  lurbofan  installations  This 
technique  provides  simglianeous  simulation  of  tJ  e induction  iyjlem 
and  the  exhaust  system  flows  with  correct  g*  ometric  simula'ion 
and  allows  the  total  aircraft  aerodynamics  *he  propuls'on 

system  interactions  to  be  evaluated  together  withe . t the  use  of 
additional  or  reference  models  Examples  of  the<;e  data  are  presented 
including  comparison  of  a C5A  type  scale  model  and  full  scale 
results  of  the  TF39,'  B52  installation  The  use  of  this  technology  lor 
advanced  programs  of  ar  frame  engine  integration  for  both  the 
subsonic  and  supersonic  flight  spectrums  is  discussed  Author 


N71-19370*  Tennessee  Univ  Tuiiahoma  Space  Inst 
UNSTEADY  AERODYNAMICS  OF  ROTOR  BLADES  OF  A 
COMPRESSOR  UNDER  DISTORTED  FLOW  CONDITIONS 

0 H Goethert  and  K C Reddy  in  AGARO  Aerodyn  Interference 
Jan  1971  13  p refs  I See  N 7 1 ■ 1 9353  09  0 1 1 
Avail  NTIS  hC$6  00/MF$0  95 
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A theoretical  tnvestigetion  was  un<  ^ i n io  determine 
the  interference  effect  between  oscillating  ;''J  Distorted  inlet  flow 
and  compressor  stall  It  was  found  that  the  r effects  on  the 

Single  stage  characteristics  tend  to  make  'I'-e  stages  less  sensitive 
to  pressure  oscillations  since  the  flow  lar  s the  necessary  time  for 
buiic.ng  up  the  lift  of  the  individual  bi  ioes  of  the  stage  On  the 
other  harid.  the  spacer  volume  m th<  ‘.^ges  themselves  and 
between  the  stages  produce  time  tags  ^niu*!  tend  to  increase  the 
stage  pressure  ratio  and  thus  redu'.  the  s^Dll  margin  of  the 
individual  stages.  Depending  upon  th^  geo  netry  and  the  type  of 
oscillations.  O'ther  the  beneficial  effar  of  the  dynamic  response 
reduction  of  ir>dividu8l  stages  at  highe  '-'.t^'i-rncies  or  the  detrimental 
effects  of  ;he  spacer  volume  bet  .w.  . the  stages  will  prtva:l 

Author 

N71-19371*#  National  Aeronautics  ar>d  Space  Administration 
Arr>ee  Research  Canter.  Moffett  Field.  Calif 

STUDIES  OF  AIRCRAFT  FLOA  FIELDS  AT  INLET 
LOCATIONS 

Lyrtdell  S King  and  Terence  W Schrr  ;t  (Arnold  Rec  Organ..  Inc  } 
In  AGARO  Aerodyn  Interference  . 1970  10  p refs  (See 

N7M9353  03-01) 

(NASA-TM-X-66885)  Avail  NTi?  i:?CL200 

A wind-tunnel  investigation  u-  the  flow  fields  about  fuselage 
configuretions  at  transonic  and  Supersonic  speeds  and  at  angles  of 
•neck  up  to  24  deg  is  reported  A family  of  seven  fuselages  with 
different  cross  sectional  shapes  v/s$  tested  m conjunction  with  two 
note  shapes,  two  caixipies.  arKl  twr^  wir>gs  of  different  sweep  Flow 
field  surveys  ware  performed  at  two  likely  mlet  locations  - ahead  of 
and  urMJer  the  wing  - to  assess  the  effects  of  forebody  geometry 
throughout  the  Mach  nu.nber  and  engle  of-attack  envelope  The 
experimental  data  particularly  indicate  the  strong  influence  of  the 
canopy,  noso  droop,  and  fu.«eiage  shape  on  flow  angularities  m the 
forward  Survey  plane  Nose  droop  and  the  canopy  both  tend  to 
leduce  sensitivity  to  posi' ve  angles  of  attock  and  to  reduce  the 
extent  of  influence  of  fusr  .age  lower  corner  geometry  Under  the 
wr.ng,  however,  the  flow  fie'd  is  dominated  by  the  effects  of  the 
wing  rtself.  Author 

N71-19372f  National  Gas  Turbine  Establishment.  Pyestock 
(England) 

SOME  RECENT  RESEARCH  ON  SUPERSONIC  INTAKES  AT 
NOTE 

M C Neale  and  F W Armstrong  In  AGARO  Aerodyn 
Interference  Jan  1971  l8  p -efs  iSee  N7 1 - 1 9353  09-01 1 
Avail  NTlS  HCSe  00/MFS0  95 

Drag  investigations  covering  tx>ih  supersonic  and  subsonic 
flight  conditions  are  described,  and  attention  i$  focused  on  the 
difficulty  of  minimizing  supersonic  pre-entry  drag  wh..e  retaining  an 
adequate  staoiiity  margin  The  effects  are  shuwn  uf  >heei  pl«r>«> 
of  varying  strength  (generated  m the  supersonic  compression  field 
Reynolds  number  effects  are  also  described  A brief  survey  of 
prospects  for  mixed  compression  intakes  offering  an  optimum 
combination  of  drag  and  high  pressure  recovery  m supersonic  flight 
IS  included  Author 

N71-19373/|(  toeing  C^o . Seattle.  Wash  Supersonic  Tianspoa 
Oiv 

CONFIGURATION  ASPECTS  OF  PROPULSION 
IN8TALUATION  ON  SUPERSONIC  TRANSPORTS 
Albert  A Van  Dume.  William  W Rhoades,  and  Walter  C 
Swan  In  AGARD  Aerodyn  Interference  Jan  1971  8 p (See 

N7M9353  09  01) 

Avail  NTIS  HC$6CX)/MF$0  95 

Intake  decision  closely  related  to  configuration  effects  are 
outlined  for  Supersonic  transport  applications  The  general  problems 
of  propulsion  pod  p'acement  and  proper  integration  of  pod  and 
wing  are  discussed  The  effetl?  of  w><«g  mow  field  ar.d  oirc'ofi 
maneuvers  on  intake  performance  and  iniake  operating  envelope  are 
treated  Intake-to  intake  and  mtake-to  wmg  spacing  criteria  are 
established  relative  to  mutual  intake  interference  and  wmg/body 


boundary  layer  effects  Finally,  a propulsion  comparison  <s  made 
between  e variable  sweep  configuration  employing  double  engine 
pods  arvj  a fixed  wing  configuration  employing  single  engine  pods 

Author 


N71-19374f|(  Deutsche  Forsengngs-  und  Veisuchianstelt  fuar 
Left-  und  Raunfaha.  Goetti  'en  (West  Germany) 

JET  SIMULATION  AND  JET  INTERFERENCE  EFFECTS  ON 
TAILPLANE 

W Geisaler  and  R Wulf  In  AGARD  Aerodyn  interfererK#  Jan. 
1971  I2pfftta  (See  N71-1S35309-01) 

Avail;  NTIS  HCS6  00/MFS0  95 

Extensive  wind  tunnel  teats  with  |St  aimulaiion  have  been 
earned  out  m the  low  speed  wmd  tunnel  on  different  n>odela  of 
the  Europeert  airbus  Bypass  arigines  able  to  simulate  the  correct 
ratios  of  let  to  freestream  velocity  have  been  developed  and  ere 
described  The  rssults  of  force  and  downwaih  rneaturements  show 
deatabiiiting  influences  of  the  airplane  caused  by  jet-teiipiene 
interfereiKe  Several  stepe  have  been  urvjerteken  m order  to  mimmoe 
these  affects  the  displacement  of  the  engmea  m wmg-tip  direction 
teemed  to  be  the  best  solution  of  this  problem  in  addition  to  force 
meesurements  O'^  a com«Met6  model  the  determination  of  magnitude 
and  direction  of  the  flow  velocitios  eatabhthed  the  boundaries  of 
let  irtfluence.  Author 

N71-lS376||f  British  Aircraft  Corp  . Weybndge  (England) 
Aerodynamics  Oapt 

THE  COMPLEX  AERODYNAMIC  INTERFERENCE  PATTERN 
DUE  TO  REAR  FUSELAGE  MOUNTED  POWERPLANT6 

PAG  Williams  and  0 J Stewan  /n  AGARD  Aerodyn 
Interference  Jan  1971  15  p ref  (See  N7M9353  09-01) 

Avail  NTIS  HC$6  00/MF$0  95 

The  complex  interference  effects  due  to  rear  fuselage  mounted 
power  plants  on  modern  high  subsonic  aircrah  are  investigated 
Results  ffs/m  wind  tunnel  and  full  scale  flight  tests  obtained  during 
design  arid  development  of  BAC  VCIO  and  111  are  discussed  Of 
particular  interest  are  the  favorable  interference  on  the  wmg  and 
comparisons  between  twin  and  four-engmed  configurations  The 
influences  of  changes  m fuselage  length  nacelle  setting  and  rear 
fuselage  shaping  lo  reduce  adverse  pressure  fields  are  illustrated 
Typical  pressure  distributions  and  boundary  layer  traverses  measured 
on  the  standard  and  super  VCIO  m flight  ere  presented  and 
comparisons  are  made  with  wind  tunnel  results  The  data  presented 
ure  evaluated  for  the  probable  mechanism  of  the  complex 
interference  forces  set  up  by  the  presence  of  the  power  plants 

Author 

N71  1937$!l(  General  Dynamics  Convair.  San  Diego.  Calif 
EXPERIMENTAL  RESULTS  OF  HIGH  BYPASS  RATIO 
TURSOFAN  AND  WING  AERODYNAMIC  INTERFERENCE 
J E Aldridge  and  J L Nye  IGE)  in  AGARO  Aerodyn  Interference 
Jan  1971  12  p (See  N7  M 9353  09-01 ) 

Avail  NTIS  HC$6  OO/MF  $0  95 

Results  of  a wind-tunnel  m.  ^stigaiion  into  the  interference 
effects  of  a pylon-wmg-mounted.  high-bypass-ratio  turbofan  on  the 
aerodynamic  characteristics  of  a twin  engine  subsonic  airplane  are 
presented  This  vvas  accomplished  using  a high-pressure,  air  turbine 
powered  propulsion  simulator  mounted  on  a 1,'7-scale  semispan 
model  of  the  airplane  Results  show  that  significant  .nterference 
does  exist,  and  that  it  varies  with  free  stream  Mach  number,  engine 
power  setting,  and  lift  coefficient  Generally,  the  drag  due  to 
nacelle. 'body  interference  increases  with  Mach  riumber.  decreases  as 
engine  power  is  increased  an'j  optimizes  with  lift  coefficierit  The 
interference  level  is  either  favorable  or  unfavorable  depending  on 
thoic  para.meters  The  prc^c.nce  cf  the  -'•celle  hse  •'o  messu'ab'e 
effect  on  wmg  upper  surface  pressure  distribution,  however,  wmg 
lower  surface,  nacelle  fan.  and  turbine  cowl  distributions  are 
significantly  altered  Author 
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N71-19977I  Oougitt  Aircraft  Co  . !nc  . Santa  Monica  Cahf 
DCTCflMINAYlOH  Or  LOW  SPEED  INTERFERENCC 
(FFECTS  SY  SUPERPOSITION 

John  L Haai  and  Suzanna  M Fauikoar  hi  AGARD  Aarodyn 
Intarlaranca  Jan  1971  15  p rat$  (S«a  N7 1*  19363  09-01 ) 

Avail  NTIS  HCS6  00/MFS0  95 

The  application  of  a computer  program  for  potential  flow 
to  probiema  of  estimating  aerodynamic  interference  it  reported 
Examples  are  presented  of  straightforward  use  of  the  p<'ogram  to 
calculate  flow  stx>ui  more  complicated  configurations  thar>  could 
previously  be  handled  Superposition  is  also  used  to  conserve 
computing  time  Tha  program  greatly  expands  the  usafutnass  of  the 
superposition  method.  First,  the  comporient  flows  to  be  superposed 
may  be  any  of  the  very  general  class  of  solutions  that  the 
program  can  calculate  Second,  by  compering  flows  calculated  by 
superposition  with  the  same  flows  calculated  exactly  hy  the 
program,  the  limits  of  validity  of  th«  superposition  principle  can  be 
determined  with  a new  precision  Examples  are  presented  of 
calculated  flow  fields  and  of  comparisons  cf  exact  and  suparposed 
solutions  Author 

N71-l937a/f  Office  National  d Etudes  et  de  ftecherchas 
Aerospatiaies.  Pans  (France) 

WIND  T'JNNEL  INVESTIQATICN  INTO  AERODYNAMIC 
INTERACTIONS  INDUCED  BT  DROP  LOADS  (ETUDE 
EN  SOUFFLERIE  OES  INTERACTIONS  AERODYNAMIQUE8 
DUES  AUX  CHARGES  LARGABLESi 

J Chnstophe  and  J Coste  In  AGAflO  Aarodyn  Interference  Jen 
1971  11  p refs  In  FRENCH,  ENGLISH  summa'v  iSee 

N71-19353  09-01) 

Avail  NTIS  HCS6  00/ MF50  95 

Techniques  for  the  investigation  of  aerodynamic  interactions 
nducsd  fcv  d:o?  ‘oeda  r^vir'wed  and  some  representetive 
results  are  reported  Emphasis  is  placed  on  direct  tracings  of 
0.  '^pped  load  traiectones  and  microrocket  propelled  missiles  by  high 
speed  filmi.if;  m the  wind  tuniiel.  Obtained  retults  are  compered  with 
those  fror  • > newly  developed  eUernativs  method  of  weighing 
the  load  m tne  aerodvt^emx  field  of  the  aircraft  and  reconstructing 
its  treiectofy  by  computing  routine  Authwr 

N7l.i9379a  Nielson  Engineering  and  Research  inc  , Palo  Alto. 
Calif 

A CALCULATIVE  METHOD  FOR  PREDICTING  STORE 
SEPARATION  TRAJECTORIES  AT  SPEEDS  UP  TO  THE 
CRITICAL  SPEED 

Jack  N Nielson.  Frederick  K Goodwin,  and  MamiJi  F E OiHenius 
In  AGARD  Aerodyn  Interference  Jan  1971  14  p rels 

Sponsored  by  A r FD  L i See  N7  1 ' 3353  CG  C 1 * 

Avail  NTiS  HC$6  00.'MF$0  95 

A theory  has  been  developed  for  prpdir.ing  the  trajectories 
of  exiernal  stores  dropped  from  high-speed  a<r' 'dfi  up  to  the 
critical  speed  The  method  consists  of  three  steps  1 » prediction  of 
The  non  umform  flow  field  m the  vicinny  of  the  store.  i2)  prediction 
of  store  forces  and  moments  in  the  nonuniform  flow  field,  and  i3) 
calculation  of  the  traionory  A vortex  lattice  method  used  lor  the 
first  step  predicts  well  the  flow  field  velocity  components  under  the 
wing  or  fuselage  A simplified  slender  body  method  for  calculating 
the  normal  force  and  moment  on  the  external  store  is  moderately 
successful  by  comparison  with  experiment  Calcuiaied  trajectories 
based  on  the  simplilied  method  are  m fair  agreement  with 
experiment  Author 


N71  19360#  A ircraft  Research  Association  Ltd  Bedford 
lEnglandl 

EXAMPLES  OF  AIHFHAME  STORE  INTERFERE TJCE 
J 0 Boffy  m AGARO  Aerodyn  Injerference  Jar.  1971  12  p 

refs  (See  N7M9353  09  01) 

Avail  NflS  HCS6  00  MFS095 


Effects  of  sirftame  store  interference  on  the  side  force  ertd 
the  dreg  increment  due  to  pylon  mounted  underwing  stores  are 
discussed  The  mam  features  of  the  sidewash  and  pressure 
distributions  m the  Mow  field  beneath  a swept  wmg  are  described 
It  IS  noted  that  whiu  the  loads  on  a store  would  be  expected  to 
very  Significantly  with  ts  position  under  the  wmg.  some  of  the 
intaHerence  forces  may  be  regarded  as  buOyar^cy  effects,  implying 
opposing  forces  on  the  ''"craft  Examples  of  measured  side  force 
on  stores  end  pylons  shuw  (hat  a qualitative  correlation  can  be 
obtained  with  undarwmg  sidewash  data  Comparisons  of  the  axial 
force  on  stores  and  pylons  and  the  drag  mcrerneni  with  estimates 
of  the  freestream  drag  of  the  store  assembly,  are  presented  and. 
at  low  speed  and  low  to  moderate  C.  these  demonstrate  the 
expected  cancellation  of  some  of  the  interference  forces  Brief 
descriptions  of  methods  being  developed  for  the  prediction  of  store 
er>d  pylon  side  force  and  installed  drag  increment  are  included 

Author 

N71-I9381)|f  McDonnell  Aircraft  Corp  . St  Louis  Mo 

EVALUATION  OF  THE  PREDICTION  OF  AIRPLANE  STORE 
INTERFERENCE  BY  LINEAR  THEORY 

Gordon  G Grose  and  Dean  R Bristow  In  AGARO  Aerodyn 
Interference  Jan  1971  12  p refs  ISae  N7 1 - 1 9363  09-01 1 
Avail  NTIS  HCS6  00/MFS0  9S 

A rmg-body  arialysis  computer  program  s used  to  calculate 
the  interference  flow  field  at  a store  location  due  to  a wmg  body 
combniation.  and  the  resulting  loads  applied  to  the  store 
Interference  loads  predicted  by  imear  theory  are  compared  with  test 
data  on  typical  fighter  bomber  configurations  at  subsonic  and 
s-jpersonic  speeds  The  subsonic  case  consists  of  stowed  load 
wind  tuonal  data  on  a body  representing  the  SUU  16A  gun  pod 
mounted  on  the  outboard  wmg  pylcn  of  the  F 4C  euplane  The 
Supersonic  case  consists  of  loads  on  a stmg  supported  store  model 
rn  the  vtcrnity  of  a $wep»  wmo-horly  rombmalion  reoresentino  a 
lighter  bomber  at  Mach  1 6 The  results  of  the  compenson  show 
the  detailed  survey  of  the  interference  flow  field  provided  by  the 
method,  and  indicate  that  it  is  a promising  method  of  estimating 
store  interference  effects  from  the  airplane  geometry  Author 


N71'19382)ll  Breguet-Aviatiori.  Paris  (France) 

ANALYSIS  OF  THE  EFFECTS  OF  EXTERNAL  STORES 
FASTENED  UNDER  . N ARROW  WiNQ  ON  THE 
LONGITUDINAL  STABILITY  OF  THAT  AIRCRAFT 
lANALYSE  OE  LINFLUENCE  DE  CHARGES  EXTERNES 
FIXEES  SOUS  LA  VOILURE  D UN  APPAREIL  A AILE  EN 
FLECHE  8UR  LA  STABILITE  LONGITUDINALE  DE  CET 
AVION) 

R Ta’ssetre  A«mdvn  inte>le»ence  Jao  l97l  ^3  p 

In  FRENCH,  ENOUSH  summary  iSee  N 7 1 ■ 1 9353  09-0D 
Avail  NTIS  HO  56  00/ MF  SO  95 

Wind  runnel  test  results  Show  thai  external  stores  fastened 
under  a »wept  wmg  by  pylons  decrease  longitudinal  stability  of  the 
aircraft  Most  of  this  stability  loss  comes  from  the  increased 
deflection  of  the  horuontal  tail  due  to  vortioe  field  development  at 
the  pylon  s trailing  edge  tms  is  caused  by  the  force  of  the  local 
sideslip  at  the  lower  part  of  the  wing  that  produce  a lateral  hh 
force  on  the  pylon  The  deflection  changes  the  stability  of  the 
aircraft  as  a function  of  the  angle  of  attack  Author 

N71-193S3ltl  Boeing  Co  - Wichita  Kans 

SEPARATION  CRITERIA  FOR  DENSELY  PACKED  STORES 

IN  BOMB  BAYS 

Richard  B Holloway.  Donald  L Sutcliffe,  ano  James  D Woodward 
In  AGARD  Aerodyn  Interference  Jan  1971  10  p (See 

N71-19353  09-01) 

Avail  NTIS  HC56CX>/MF50  95 

Separation  charactenetice  of  tha  weapons  m the  densely 
packed  0-52  bombmg  system  configuration  1224-7  proved  to  be 
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^p«r>d#nt  on  ih«  rolom  t«qu«nc«.  rtloi$«  interval  and  ralaaM 
airapeed  Several  diHerant  reieaae  aequancea  were  mveatigated  to 
aolve  bomb  collision  prob<ems  A successful  sequence  was  Oenved 
which  provided  aatiifectory  bomb  release  characteristics  when  a 
minimum  clearance  of  one  bomb  oiameter  between  adjacent  bomba 
IS  provided  as  me  bomb  clears  ihe  Quids  rads  Flight  tests  indicated 
the  optimal  performance  of  a ihree  bey  configuration  with  a 
minimum  release  imervel  of  80  to  50  milliseconds  Author 


8oval  Aircitffi  csiablishment.  Famborough  (England) 
FLIGHT  investigation  OF  A TECHNIQUE  FOR  THE 
MEASUREMENT  OF  THE  TOTAL  AND  INTERFERENCE 
DRAG  OF  'XTEftNAL  STORES 

K P King  /n  AGARO  Aerodyn  Interference  ^an  1971  13  p 

refs  (See  N7l  -19353  09  01) 

Avail  NT;s  HC$6  00/MF  SO  95 

Hasuits  are  given  of  (he  flight  investigation  of  a technique 
for  the  measurement  of  ihe  drag  of  external  stores  which  can  be 
jettiscned  The  technique  is  to  drop  the  stores  and  evaluate  the 
store  dreg  from  the  resultant  change  m aircraft  acceleration  alonj 
he  flight  path  in  an  exploratory  senes  of  tests  1000  lb  bombs 
vvere  dropped  from  a Hunter  aircraft  and  tr>e  variation  of  the  dreg  dur 
to  the  stores  as  they  separated  from  the  aircraft  <l^*«rmmed 
T*  e results  indicate  that,  with  this  particular  aircraft/ 'tore 
ccmbmation.  there  is  no  significant  venation  of  the  total  installed 
dug  With  C sub  L over  the  range  tested  but  me  mterfe/eoca  drag 
vt  ries  'ineerly  with  C sub  L squared  Author 
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N*'1*19386ilf  General  Dynamics /Pomona  Canf 
0 METHOD  FOR  PREDICTING  INTEPecRCNCE  FORCES 
AND  MOMENTS  ON  AIRCRAFT  STC-.  AT  SUftSONlC 
SPCCOS 

F O Fernandes  >n  AQARD  Aerodyn  interference  Jan  1971 
9 D rail  (See  N71-19353  09  01) 

Avail  NTIS  HC$6  00/MF$095 

A method  IS  developed  for  theoretically  predictirj  the  loading 
on  aircraft  stores  at  separation  for  subsonic  flow  The  method 
lonsists  of  predicting  thr  flow  field  about  the  aircraft  by  using 
singufariiy  distfiDutions  to  represent  the  aircraft  according  to  linear 
theory  the  effect  of  the  variable  mterterence  flow  field  is  integrated 
over  »ha  store  by  using  the  free-air  load  distribution  properties  of 
the  eto  e locally  Buoyancy  effects  are  included  The  loading  over 
each  sioro  fm  i$  given  special  consideration  with  regard  to  its 
interaction  with  the  aircraft  pylon  and  with  other  store  surfaces  A 
fortran  computer  program  performs  the  calculations  Effects  of 
aircraft  wing,  fuselage.  p>Jun>.  and  .r.lets  are  included  Store 
moment  calculations  under  an  F-4C  aircraft  are  compared  with  test 

Author 


N71‘1938B/tl  Naval  Ship  Research  and  Development  Center. 
Washington.  O C 

A STUDY  OF  CAPTIVE  FLIGHT  DRAG  AND  SEPARATION 
CHARACTERISTICS  OF  UFTINQ  BODY  (HALF  SOMS  AND 
HALF  POO)  STORE  CONFIGURATIONS 

Roger  J Furey  and  C Joseph  Maam  In  AGARO  Aerodyn 
Interlerer'  1 Jan  1971  11  p refs  (See  N71-19353  09-01) 

Avail  NTlS  HC$6  00/MF  $0  95 

The  use  of  lifting  podies  as  e basic  shape  for  externally 
carried  stores  is  considered  as  a means  of  overcoming  the 
large  incremental  drag  and  poor  separation  qualities  of  the  more 
conventionally  shaped  aircraft  stores  Wind-tunnel  teett  were 
conducted  on  a half-bomb  and  a half-pod  to  determine  their  captive 
flight  dreg  end  saperetion  cnarectensiics  Testing  was  c'^nduetc'* 
at  Mach  numbers  of  0 74  and  1 86  The  half-bomps  were  found 
to  have  as  much  at  l 35  percent  dreg  reduction,  in  a simulated 
captrve  fitght  cor>dition.  over  its  equivalent  whole-bomb  counterpart, 
and  separated  cleanly  without  the  use  of  an  ejeciion  force  under 


ell  conditions  tested  The  hetf-pod  configuration  produced  as 
much  as  a 20  percent  'trag  reduction  over  that  of  th  « equivalent 
whole  pod  it  also  separated  *'tanly  although  an  eitction  force  wea 
necesaery  m order  to  prevent  a pitch-up  manauver  ar>d  pOMibie 
colitston  at  the  higher  Mach  number  Author 


N71-1B387K  Naval  Ordnance  Lab  . V.'hite  Oak.  Md 

AIRCRAFT'STORE  INTERFERENCE 

Chris  A Kahvretenos  In  AGARD  Aerodyn  Interference  Jan 
1971  16  p refs  (See  N7 1 - 1 9353  09-011 
Avail  NTIS  HC$6  00/MF $0  95 

A senes  of  tests  relating  to  the  carnage  and  separation 
characteristics  of  a newi-  developed  rocket  launcher  pod  are 
reported  The  objeciives  of  the  tests  were  to  identify  those  flight 
conditions  under  which  separation  of  the  launchnr  might  result  m 
damage  to  the  aircraft  and  to  obtain  data  from  which  the  separation 
behavior  could  be  predicted  included  in  this  senes  of  tests  was 
a pod  insteitaiion  force  lest,  a flow-field  survey  test  and  a pod 
letiison  test  In  each  investigation,  the  loaded  and  empty  rocket 
launcher  pods  were  suspended  from  the  cerierlme  and  outboard 
shoulder  stations  of  the  sca'ed  triple  ejector  rack  located  on  the 
inboard  wing  station  of  an  A-4  aircraft  model  The  pod  tends  to 
pitch  nose  upward  at  high  ai^crah  angles  of  attack  and  nose 
dowrtward  at  low  aircrah  angles  of  attack  in  full-scale  tests  the 
nose  of  the  empty  pod  collides  with  the  wmg  of  the  aircraft  when 
launched  from  the  shoulder  station  at  airspeeds  below  250  knots 
and  the  tail  impacis  the  rack  when  launched  from  the  ceri'erlme 
el  airspeeds  above  4-o0  knots  Author 


N71'18388a  Navai  Si'*p  Ra»aarch  2nd  Development  Lamar. 
Wa-ihington  D C 

RREOlCTfON  OF  STORE  LAUNCH  CHARACTERISTICS 
THROUGH  STATISTICAL  METHODS 

Michael  A Sekeiiick  /■)  AGARD  Aerodyn  Interlerence  Jan 
1971  11  p refs  tSeeNM19353  0S-01) 

Avail  NTiS  hC$6  00;mf$0  95 

Two  statistical  m‘nhods  are  presented  which  have  the  capability 
oi  generating  eauaticns  to  predict  the  separation  characteristics  of 
airborne  stores  from  aircraft  A mathematical  relation  was  found 
betwaen  a configuration,  the  launch  conditions  and  Ihe  associated 
irajeciory  The  aircraft;  store  combination  was  described  by 
parameters  representing  the  importi'-l  geometric  and  physical 
features  whicti  effect  separation  behavior  Each  launch  event  was 
cetalogued  m terms  of  such  parameters  end  the  lesultmg  separation 
boiie«>o<’  date  wss  ’hop  siaiisiica'iv  analyzed  to  predict  the 

Outc'^ines  of  untried  idunth  siludliOris  Author 


N71-23210F  Advisory  Group  for  Aerospace  Research  and 
Development  Pans (Fi ance* 

FREOU;NCV  RESPONSE  FUNCTIONS  AND  HUMAN  PILOT 
MODELLING 

Mar  1971  65  p ref->  Moslly  m ENGUSH  partly  m FRENCH 
lAGARD-R  580  7 1)  Avail  NTlS 

CONTENTS 

1 THE  ART  OF  determining  GUST  FREQUENCY 
RESPONSE  FUNCTIONS  J C HouDoU  lAerrn  Res  Associates  of 
Princeton  me  'pi  20  rC'S  ■ See  N7  1 23211  1201'- 

2 the  EFFECT  OF  ACTIVE  CONTROLS  ON  STRUCTURAL 
RESPONSES  r.  F Newberry  J I Arnold  and  G J Kass'Boeing 
Co  Wichita  Kans  t ^ 2i  44  refs  iSeeN7123212  1202) 

3 transfer  FUNCTION  OF  FlEY.IBLE  aiRCRAFT  TO 
AMOSPHERIC  TURBULENCE  Q Coupry  lONERA  Pans.  Francfti 
p 45  58  re.'s  iSeo  N71-23213  12  02' 

4 HUMAN  PILOT  MQ0tLLlN(;  H F Huddleston  iRAE 
Farnborouqti  Er^gi  o 59  65  rpls  iSec  N7  l 232  14  i 2 04i 


.] 

i 


01  AERODYNAMICS 


7 


N71-23211j|f  Aeroniutical  Research  Associates  of  Pnnc«ion  Ir^c 
N J 

TMt  ART  OF  DETERMINING  GUST  FREQUENCY  RESPONSE 
FUr«CTlON 

John  C HoutXJit  fn  AGARO  Froq  Response  Fuivttons  »ryj  Human 
Pilot  ModellinQ  Mar  197  i p 1 20  refs  (See  N71  23210 

li  on 

A ail  NTIS 

The  art  of  detemunir»g  the  fmquerx:v  response  function  tor 
fluft  response,  jnd  of  deriving  the  associated  structural  response 
parameters  A end  N sub  o is  discussed  Measured  and  computed 
values  are  compared  to  show  the  degree  of  success  obtained  it 
IS  brought  out  that  frequency  response  determination  is  a 
computaironalty  large  task  ar>d  that  simplified  procedures  are  needed 
Emphasis  IS  also  given  to  the  faci  that  there  is  not  a frequency 
response  function  for  the  airplane,  but  that  there  are  many 
depending  on  flight  conditions  A procedure  is  suggested  for  helping 
10  establish  the  appropriate  frequency  response  functions,  and  the 
A and  N sub  o values  for  use  in  design  Author 


N71-23212*  Boeing  Co  Wichita.  Kans 

THE  EFFECT  OF  ACTIVE  CONTROLS  ON  STRUCTURAL 
RESPONSES 

Clifford  F Newberry.  James  I Arnold  and  Gerald  J Kass  In 
AQARD  Freq  Response  Functions  a^'d  Human  Pilot  Modelling 
Mar  1971  p 21  44  refs  (See  N71  23210  1 2 Ou 
Avail  Ni'S 

The  use  of  an  active  control  system  on  large  flexible  aircraft 
to  improve  flymg  qualities,  ride  qualities,  and  to  alleviate  loads 
requrre  a good  mathematical  model  The  number  of  modes  to  be 
included  is  treated  from  a standpoint  of  stability  and  for  structural 
loads  evaluation  The  verification  of  the  model  during  flight  testing 
is  discussed  Freouency  response,  transient  response  and  rjf.Jom 
response  techniques  are  presented  Presented  are  two  examples 
one  dealing  wuh  a lower  structural  mode  Irequency  that  affects 
the  handling  qualities  and  nde  qualities  of  (he  aircraft  and  he  other 
deals  with  a higher  frequency  rnode  that  •$  a stability  problem 
Consideration  for  artificial  damping  o>  the  flutter  modr»  is  also 
presented  Author 

N7l'23213e  Office  National  d Etudes  et  de  Recherches 
Aerospatiales.  Pans  IFrancei 

TRANSFER  FUNCTIONS  OF  FLEXIBLE  AIRCRAFT  TO 
ATMOSPHERIC  TURUBLENCE  IFONCTIONS  DE 
TRAN6FERT  D UN  AVION  80UPLC  A LA  Ti;P.BULENCE| 

G Coupry  In  AGARO  Freq  Response  Functions  and  Human  Pilot 
Modelling  Mar  ly7l  p 45  43  «cf>  5.*.  rncNCf*  tCoc 
N71-23210  12  01) 

Avail  NTiS 

Cornputalion  and  measurement  u iim  irgns'er  function  of 
an  aircraft  flexible  to  atmospheric  turbulence  are  reported  After  a 
survey  of  the  usable  turbulence  models,  the  c'^  nputation  of  the 
transfer  function  for  isotropic  turbulence  is  d /Cussed.  it  ii  shown 
that  it  IS  hardly  more  complicated  than  m the  case  of  uoifo-m 
turbulence  Finally,  the  methods  for  measuring  the  irai  sfer  function 
ere  describerj  Author 

N71-23214V  Royal  A rcr'it:  EstaijiistuTien!  FambHOuqh 

lEngland)  Humai' Fact'  sG-  jup 

HUMAN  PILOT  MOUEUING 

H F Hi.'1dleM'»n  /.'AGARO  Frr.*'i  Resi>ons»’  Funttior's  <jhd 
Pilot  Modei'iny  Mdf  '9/1  p b9  bb  iSce  N7l  232  10 

12  0)} 

Aveii  NTi^ 

Hiirnan  factors  r’ny.not'.'ino  ai(r--n(jl'.  lo  'jrfiiM;  |jiloi  transfer 
furictiOnS  are  COf’srrlrwrd  Input  oiitp  i'  e* '(Vrir'eiiiHI  •.l‘J'l«es  show 
that  man  as  d t < a',K»,’f  1 1 1 tju'ui', rv.  i.v »;  lov.  ii j . > .i .t  i ;hf i^r  •- 2 ' tia s 

a fjuilt  Ml  'eat. lion  1'H.»J  i3'  rail  If.  sum*'  ' ■ un»st  ar  *ces 


generate  substantial  lead  oi  lag  characteristics  ano  (4)  behaves  as 
if  he  respomlcd  to  some  events  about  twice  a second  Authoi 


N71-2B333I  Advisory  Group  for  Aerospece  Reseerch  end 
Development.  Pans  (France) 

SYMPOSIUM  ON  UNSTEADY  AERODYNAMICS  FOR 
AEROELA8TIC  ANALYSES  OF  INTERFERING  SURFACES. 
PARTI 

April  1971  92  p refs  Held  et  Tonsberg.  Norwey.  J-4  Nov. 

1970 

(AGARD-CP-80-71)  Avail  NTIS 
CONTENTS 

1 SOME  CONSIDERATIONS  RELATIVE  TO  THE 
PREDICTION  OF  UNSTEADY  AIR  LOADS  ON  INTERFERING 
SURFACES  M Ashley  (Stanford  Univ  ) 22  p refs  (S«N7l  -29334 
1701» 

2 calculation  methods  for  UNSTEADY  AIRFORCES 
OF  TANDEM  SURFACES  4N0  T-TAIl*  |N  SUBSONIC  FLOW  D 
E DeviS  (Royal  Aircraft  Estab  Tornborough.  England)  22  p refs 
(Sea  N71  29335  17-OD 

3 REPRESENTATION  OF  A WING  IN  THE  LiFTiNG 
LINE.  APPLICATION  OF  THE  INTERACTION  CALCULATIONS  OF 
TWO  WINGS  IN  TANDEM  fl  Dat  and  Y Al  ama'su  - Office  Natl 
D Etudes  et  de  Recherches  Aerospatiales.  Parts.  Frar.ce)  17  p 
refs  (See  N71-29336  17  01) 

4 A SUPERSONIC  BOX  COLLOCATION  METHOD  FOR 
THE  CALCULATION  OF  UNSTEADY  AIRFORCES  OF  TANDEM 
SURFACES  0 L Woodcock  and  E J York  (Royal  Aircraft  Estab . 
Farnborough  England)  26  p rels  (See  N71-29337  l7  01) 

N71*29334f  Stanford  Univ  . Caiif 

SOME  CONSIDERATIONS  RELATIVE  TO  THE  PREDICTION 
OF  UNSTEADY  AIR  LOAOSON  INTERFERING  SURFACES 
H Ashley  In  AGARD  Symp  on  Unsteady  Aerodynamics  for 
AeroelastiC  Analyses  of  Interfering  Surfaces.  Pan  1 Apr  1971 
22  p refs  (See  N7 1-29333  17  01) 

Avail  NTIS 

loading  smgulariiies  inherent  m linean/ed  potential  theory 
are  classified  as  local,  m the  sense  that  both  the  nature  and 
magnitude  of  the  singularity  are  determined  by  boundary  conditions 
in  the  inner  field,  or  global  m ihe  sense  that  the  entire  boundary 
value  problem  must  be  solved  to  determine  their  details  Available 
results  are  reviewed  relative  to  discontinuities  m surface  slope, 
planform  shape,  dihedral  angle,  etc  . and  suggestions  are  offered  for 
combining  them  mto  numerical  solution  schemes  With  respect  to 
the  anaJytrS  of  mterfehng  !:f!?ng  «'jH8rp5  cAitariAd  mreni  activity 
in  the  United  States  on  cont.nuous  solution  of  various  subsonx 
and  supersonic  cases  is  described  Rega  dmg  the  area-element  or 
box  approach  to  the  latter  it  is  recommended  that  an  element  m 
the  form  of  a trape^iur...  similar  to  that  employad  by  Woodward 
for  steady  flow,  will  also  improve  the  behavior  of  predicted  loads 
for  oscifiatory  moton  of  interacting  surfaces  Formulas  for  ce«tain  of 
the  required  influence  coefficients  are  developed  Some  nonlinear 
ePects  are  examined  which  are  felt  to  have  greater  significance  for 
mterference  problems  then  for  isolated  lifting  wings  The  phenomena 
include  the  normal  displacement  and  self-deformaiion  of  wakes 
which  induce  loads  on  aft  surfaces  the  local  influences  of 
profile  thickness  and  displacement  due  to  boundary  layer  rjrowih 

Author 


N71-2a33B»  Bov»i  Aircraft  Esrahl.s:  .icct  Famborou-jh  lEngiandl 
CALCULATION  METHODS  TOR  UNSTEADY  AIRFORCES  OF 
TANDEM  SURFACES  AND  T TAILS  IN  SUBSONIC  FLOW 
O £ Davra  in  AGARD  Svmt]  on  Unsieady  Ac.odynam.ci  for 
Aaroataairc  Analyses  of  iniarfering  Surfaces  Part  1 Apr  1971 
22  p reft  fSee  N7I  29333  17  0'. 

Avail  NTlS 
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Th«  b«iii  of  numoncal  mathodt.  using  continuous  distfibutions 
of  loading,  for  avatuating  osciitaiory  ganoraiisad  aiHoica  coafficionts 
for  inierftnng  and  interMct>ng  surfaces  inclined  evarYwhara  at 
small  angles  to  a subsonic  mainstream  flow  c described  Particular 
appircation  to  tandem  surfaces  and  T ta<ls  is  discussed  briefly 

Author 

N71-2933flitl  Office  National  d E udes  et  de  Recherches 
Aerosoaiiaies  Pans  (France) 

RCPRitENTATlON  OF  A WING  IN  THE  LIFTING  LINE; 
APPLICATION  OF  THE  INTERACTION  CALCULATIONS  OF 
TWO  WIN08  IN  TANDEM  (REPRESENTATION  O'UNE 
AILE  PAR  OE8  LlONES  PORTANTE8;  APPLICATION  AU 
CALCUL  DE  L'INTERACTION  DE  DEUX  AIU8  EN  TANDEM) 

R Oat  and  Y Akamatsu  In  AGARO  Symp  on  Unsteady 
Aerodynamics  for  Aeroelastic  Anaivses  of  Interfering  Surfaces  ^ari 
1 Apr  l97l  17  p refs  In  FRENCH.  ENGLISH  summary  (See 
N71-29333  17-01) 

Avail  NTlS 

The  Simutdiion  of  wings  by  a lattice  of  lifting  lines  is 
summarized  for  the  computation  of  unsteady  aerodynamic  forces  on 
combinations  mcludm.g  several  lifting  surfaces  such  as 
wing-hori2ontai  tail  or  fin  hori;oniui  tail  It  car^  be  considered  as  a 
compromise  between  the  doublet  lattice  method  which  is 
advar\tageous  for  its  flexibility,  and  the  so  called  lifting  surface 
method  whose  results  are  more  accurate  for  a given  number  of 
collocation  points  A numerical  crogram  was  developed  for  the 
application  to  wings  lying  m two  parallel  pUnes  The  particular 
features  of  the  method  of  calculation  are  presented,  as  well  as  some 
numerical  results  Author 

N71-29337if  Roy.;i  Aircraft  EstabliShmer^t  Farnborough  (Englandl 
A ftUPERSONtC  60X  COLLOCATION  METHOD  FOR  THE 
CALCULATION  OF  UNSTEADY  AIRFORCES  OF  TANDEM 
SURFACES 

0 L Woodcock  and  E J York  '/  AGAftO  Syrnp  on  Unsteady 
Aerouvf^amics  for  Aeroela  i»c  Analyses  of  Interfcnru)  Surfaces  Part 

1 Apr  1971  26  D refs  (See  N7l  29333  1 7 OIj 
Avail  NTi$ 

A boi  coHocatirin  method  is  deveioned  *or  the  rleiermmation 
of  the  airforces  on  a pan  of  tandem  surfacci>  ‘not  necessarily 
COplanar)  undergoing  srriail  osciM-nofy  displacements  m a super^unic 
flow  The  perturbation  veiOvity  poi»fn(iai  is  ovaioaied  dt  the  vertices 
of  a lattice  of  Mach  lines  on  cacfi  wmg  The  results  of  the 
application  of  the  method  to  a wny  lailplane  configufanoo  each  of 
triangular  planfo'in  are  given  Author 

N71. 29338#  Advisory  Gioup  lo'  Aerospace  Research  and 
Development  Pans  (France) 

SYMPOSIUM  ON  UNSTEADY  AERODYNAMICS  FOR 
aeroelastic  ANALYSES  OE  INTERFERINQ  SURFACES. 
PART2 

Apr  1971  234  p rols  Held  al  Toneberg  Norway  3 4 Nov 

1970 

(AGAHO  CP-80-71)  Avail  NTIS 
CONTENTS 

1 SUBSONIC  UNSTEADY  AIRLOADS  ON  MULTIPLE  LIFTING 
surfaces  G Boehm  and  H Schmid  (Veremigte  f lugiechnische 
Werk-FoEEer  GmbH.  Munich.  West  Germany)  28  p rely  (See 
N71  29339  17  01) 

2 NEW  developments  aND  APPLICATIONS  OF 
THE  SUBSONIC  doublet  lattii:e  method  for  nonplanar 

CONFIGURATIONS  W P Rodden  J R Giesmg.  end  T P 
icaiman  I Ootigiav  Mifc'an  Co  i"»-  Lch-m  CcacL  CaM  ) 2S  p :c1c 
• See  N7l. 29340  1 7 On 

3 application  OF  AFFDL  UNSTEADY  LOAD  PREDICTION 
method  to  INTERFERING  SURFACES  W J Mykylow  J J 


Oleen.  end  S J Polloce  (AFSC.  Wnght-Paiterson  APB.  OhiOi  24  p 
tele  (See  N71  29341  17  OH 

4 APPLICATION  OF  UNSTEADY  AIRFORCE  CALCULATION 
METHODS  TO  AGARC  interference  CONFIGURATIONS  0 E 
Deviee  (RAC.  Farnborough.  England)  18  p (See  N7 1*29342 
17  011 

5 MEASUREMENT  OF  UNSTEADY  AIR  LOADS  OF 
INTERACTION  BETWEEN  LIFTING  SURFACES  IN  TANDEM  A 
Oeituynder  lORice  Nall  d Etudes  et  de  Recherches  Aeroepetielet. 
Pens.  France)  12  p rels  (See  N7 1 -29343  17  01) 

6 T-TAIL  AEROELASTIC  ANALYSIS  FOR  FOICKER  F 28 
J YH  end  R J Zwaan  IVereimgie  Flugtechnischa  Wetke  Fokker 
GmbH.  Munich.  West  Germany)  15  p refs  (See  N7 1-29344 
17-011 

7 SOME  RECENT  INVESTIGATIONS  ON  FLUTTER  IN 
SUBSONIC  FLOW  CAUSED  BY  INTERFERENCE  AERODYNAMIC 
FORCES  BETWEEN  WING  AND  TAIL  OF  A VARIABLE  GEOMETRY 
AIRCRAFT  W Seidel  and  O Sensbuig 

(Messeischmiit-Boelkow-Blohm  GmbH.  Munich.  West  Germany) 
10  p rels  (See  N7  1-29345  17  011 

8 UNSTEADY  aerodynamics  FOR  WINGS  WITH 
CONTROL  SURFACES  H TijdBman  and  R J Zwaan  (Natl  Aero- 
and  Astfon  Res  Inst!  15  p rels  iSee  N7  1 -29346  1 7-01 1 

9 APPLICATION  OF  LIFTING  SURFACE  THEORY  TO 
WINGS  PROVIDED  WITH  CONTROL  SURFACES  B Darrae  and 
R Oai  (Oli-ce  Natl  d Etudes  oi  de  Recherches  Aerospatiales  Pans 
France*  14  p rels  I See  N7  1 -29347  17  01) 

10  UNSTFADY  airforces  for  WINGS  WITH  control 
surfaces  PART  I loading  FUNCTIONS  B L Hewitt  iRnbsh 
Aircraft  Cor(.  Warton  England)  26  p refs  ISee  N71-29348 
17-011 

11  unsteady  AIRFORCES  FOR  WINGS  WITH  CONTROL 
SURFACES  PART  2 CALCULATION  METHODS  6 L Heyyill 
IBritish  Aircraft  Corp  Warton.  England)  24  p refs  (See 
N71  29349  17  01) 

12  PRESSURE  MEASUREMENTS  ON  AN  HARMONICALLY 
OSCILLATING  SWEPT  WING  WITH  TWO  CONTROL  SURFACES 
IN  INCOMPRESSIBLE  FLOW  H Forsching  H Tnebstem.  and  J 
Wagoner  lOeotsche  Forschungsund  Versuchsanstall  luer  Lull-  und 
Raumfahrt  Goeilmgen  West  Germany)  15  p refs  (See 
N71-29350  17-011 


N71-29339»  Veieirngie  Fluy 'echmsche  Werk-Fokker  GmbH. 
Munich  rWesI  Gerinanyl 

SUBSONIC  UNSTEADY  AIRLOADS  ON  MULTIPLE  LIFTING 
SURFACES 

0 Boehm  and  H Schmid  In  AGARO  Symp  on  Unsteady 
Aerodynamics  lor  Aeroelastic  Analyses  of  Interfering  Surfacing.  Part 

1 Am  197;  2S  p .ef>  ISte  N71  23338  1 7 CH 
Avail  NTlS 

A survey  IS  presenietl  ol  ihe  mam  features  of  Irfting  lattice 
methods  and  pailicularty  of  lifting  surface  methods  Ways  to  extend 
existing  methods  to  arbitrary  lifting  surface  conitguraiions  are  also 
discussed  The  following  is  a short  description  of  these  fundamentals 
and  a detailed  discussion  of  the  numerical  methods  as  established 
by  the  authors  Results  obtained  will  be  presented  and  compared 
with  other  theories  Author 

N71-29340*  Douglas  Aircraft  Co  . Inc  . Long  Beach  Calif 

NEW  DEVELOPMENTS  AND  APPLICATIONS  OF  THE 
SUBSONIC  DOUBLET  LATTICE  METHOD  FOR  NONPLANAR 
CONFIGURATIONS 

W P Rodden  J P Giesmg  and  T P Kalman  in  AGARD  Symp 
on  Unstearty  Aerodynamics  lor  Aeroelastic  Analyses  ol  Inierfenog 
Surfaces  Pan  2 Apr  1971  28  p rels  (See  N7l  29338  17  011 

Av4il  NTlS 

P»oc«d-j/es  for  s'aiouldiing  the  FlOf maivva*^('  inducofi  by  a 
doublet  lino  m r.onotani.'  conlig'j'ation , and  (o-  calculating  the 
inlefferance  betVyfion  v.rujs  and  ure  given  ApplicaUOns  are 
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made  to  a non-coplanar  wing-tail  combmanon.  a number  of 
empennage  configurations,  a wmg  fjselege  and  a wing-naceiie 
combmation.  Also  considered  <s  the  calculation  of  valoc.ty 
components  in  the  flow  field  during  oscillatory  motion  and  the 
calculation  of  the  distribution  of  induced  drag  <n  steady  flow 
Exampiet  of  both  calculations  are  also  presented  Author 

N7V29341#  Air  Force  Systems  Command.  Wnght-Pattarson 
AF6.  Ohio  Flight  Oynamics  Lab 

APPUCATION  OF  AFFOL  UNSTEADY  LOAD  PREDICTION 
METHOD  TO  INTERFERING  SURFACES 

W J Mykytow.  J J Olsen  and  S J Pollock  In  AGARO  Symp 
on  Unsteady  Aerodynamics  for  Aeroalastic  Analyses  of  Interfering 
Surfaces  Pari  2 Apr  1971  24  p refs  (See  N71-29338  17-01) 
Avail  NTIS 

The  results  of  engineering  applications  of  subsonic  end 
supersonic  lifting  surface  methcds  to  some  of  the  AGARO 
configurations  and  other  interesting  configurations,  are  presented 
The  subsonic  kernel  function  program  is  applied  to  several  aspects 
of  the  wing-taii  interaction  problem  The  subsonic  double  lattice 
method  IS  also  applied  to  the  problem  Results  jre  also  presented 
for  a Supersonic  Mach  box  program  d'.eloped  for  T-tails  and 
cruciform  (ails  along  with  comparisons  with  piston  theory 
Comparison  between  the  subsonic  kernel  function  and  the  doublet 
lattice  method  is  generally  quite  good  While  the  double  iatt<ce 
method  usually  equired  greater  computing  times  for  the  same 
accuracy  as  the  kern3l  function  method,  it  has  some  advantages  m 
■is  favor  such  as  ease  of  appiicaiiori  and  exterisior.  to  more 
complicated  configurations  The  supersonic  results  preser3ted  here 
appear  to  be  of  the  proper  order  of  magnitude  when  compared  with 
piston  theory,  however  more  applications  and  careful  checking  are 
indicated  Avihc; 

N71  *2d342ff  Royal  Aircraft  Establishment  Famborouqh  (England) 

applications  of  unsteady  airforce  calculation 

METHODS  TO  AGARO  INTERFERENCE  CONFIGURATIONS 

0 £ Oavies  in  AGARO  Symp  on  Unsteady  Aerodynamics  for 
Aeroalastic  Analyses  of  Interfering  Surfaces,  Part  2 Apr  1971 
18  p 'See  N71  29338  17  01) 

Avail  NTiS 

Calculation*  of  generalised  airforce  coefficients  were  earned 
out  'or  the  configurations  of  wing  and  honjontal  tail  and  of  fm  and 
horizontal  tail  osculating  m subsonic  flow  m prescribed  modes  at 
given  frequencies  Author 

N71  29^43e  Office  National  d Etudes  ei  de  Recherenes 
Aerospanales  Paris  (France) 

MEASUREMENT  OF  UNSTEADY  AIR  LOADS  OF 
INTERACTION  BETWEEN  LIFTING  SURFACES  IN  TANDEM 
IMESURES  OES  FORCES  INSTATIONNAIRES 
O INTERACTION  ENTBE  SURFACES  PORTANTES  EN 

tanoemI 

A Destuynder  In  AGARO  Symp  on  Unsteady  Aerodynamics  for 
Aeroalastic  Analyses  of  interfering  Surfaces  Part  2 Apr  1971 
12  p refs  In  FHEI'ICH.  ENGLISH  summary  (See  N71  29338 
17  01) 

Avail  NTlS 

A series  of  wind  tunnel  tests  were  perforrr-d  m view  of 
analyjing  the  influence  of  several  parameters  on  the  aerodYnamir 
interference  between  two  lifting  surfaces  in  tan.ierri  The  aim  was 
»o  determine  the  magnitude  of  me  coupling  terms  m order  to 
provide  a theoretical  explanation  of  the  flutter  instabilities  occurring 
on  variable  sweep  airplanes  The  tests  were  hrmitnO  to  two  types 
of  motion  pure  transittion  and  pure  pitching  oscillation  of  on# 
Wing  T)>e  model  consisted  of  two  rectangular  or  swept  wir>ga  whoM 
relalive  position  could  ad|usted  continuously  ?n  the  honzo''!al  ac 
well  as  in  the  vertical  dif-)ction  Some  comparisons  between  theory 
and  expenrnent  ere  givi  n Author 


N71*29344|  Verem-gta  Flugtechniache  Watka-Fokkar  GmbH. 
Munich  tWast  Germany) 

T-TAfL  AEROELAS'^IC  ANALYSIS  FOR  FOKXER  F.2S 
J Yff  and  R J Zwaan  (Natl  Ae'o  and  Astronautical  Rat  Inat) 
fn  AGARO  Symp  on  Unsteady  Aerodynamics  for  Aaroatattic 
Analyses  of  Interfering  Surfaces.  Part  2 Apr  1971  IS  p raft 
lSaaN7l-29338  17  01) 

Avail  NTIS 

Data  from  an  aeroalastic  and  flutter  analysis  era  prasantad. 
The  data  include  lateral  gust  loading,  aircraft  designs.  tr>d  miaaton 
analysis  The  results  indicate  that  mass  balancing  of  the  rudder  and 
aileron  may  be  delated,  tasting  tirre  for  high  spaed  flutter  may  be 
reduced,  and  the  risks  of  axiansive  modifications  to  the  design  may 
be  reduced  The  tests  also  achieved  the  certification  of  the  aircraft 

£ H W 

N71*29346jif  Messerschmui-Boelkow-Blohm  GmbH.  Munich 
(West  Germany) 

SOME  RECENT  INVESTIGATIONS  ON  FLUTTER  IN 
SUBSONIC  FLOW.  CAUSED  BY  INTERFERENCE 
AERODYNAMIC  FORCES  BETWEEN  WING  AND  TAIL  OF  A 
VARIABLE  GEOMETRY  AIRCRAFT 

W Seidel  and  0 Sensburg  fn  AGARO  Symp  on  Unttaady 
Aerodynamics  for  Aeroalastir  Analyses  of  Interfering  Surfaces.  Pan 
2 Apr  1971  10  p refs  (See  NTl-29338  17-01) 

Avail  i^TlS 

A method  foi  routine  flutter  calculations  utilizing  interference 
aerodynamic  forces  between  wing  and  tail  ts  pres*jnted.  The 
eiastomechanic  system  of  the  aircraft  is  describaJ  by  branch 
modes  and  the  airforces  for  these  branch  n^odas  are  produced  by 
superimposing  air  forces  for  arbitrary  polynomials  The  air  forces  are 
calculated  for  a distinct  vemcal  offset  between  wmg  end  tail  with 
the  exact  kernel  fur^ctions  A large  variety  o(  stiffness  parameier 
variations  was  performeo  such  as  wmg  stiffness,  fuselage  stiffness 
and  tailpldne  connection  stiffness  m order  to  get  a better 
understanding  of  the  flutter  phenomenon  involved  and  to  fmd  a cure 
for  solving  the  problem  Some  of  the  results  are  compared  with 
results  from  wind  tunnel  model  tests  to  establish  the  validity  of 
the  analytical  method  used  Author 

N71-29346S  National  Aero-  and  Astronautical  Research  insi . 
Amsterdarn  (Netherlands) 

UNSTEADY  AERODYNAMICS  FOR  WINGS  WITH  CONTROL 
SURFACES 

H Ti|d»rrian  and  R J Zwaan  fn  AGARD  Symp  on  Unsiaauy 
Aerodynamics  foi  Aeroelastic  Analyses  of  Interfering  Surfaces.  Part 
2 Apr  1971  15  p refs  (See  N7l  29338  1?  01) 

Avail  NTtS 

A kernel  function  melhipd  to  calculate  pressure  distributions  Over 
wings  with  harrnonically  oscillating  control  surfaces  m subsonic 
flow  IS  briefly  discussed  Comparisons  of  calculated  and  measured 
pressure  Oisiributions  are  given  for  different  planforms.  Mach 
r^umbers  and  reduced  frequences  An  analysis  is  given  of  pressure 
distributions  measured  at  high  subsonic  and  transonic  Mach 
numbers  Author 

N71-29347f  Office  National  d F.tudes  et  de  flecherches 
Aerospanales  Pans  (France) 

APPLICATION  OF  LIFTING  SURFACE  THEORY  TO  WINQ8 
PROVIDED  WITH  CONTROL  SURFACE*?  (APPLICATION 
OE  LA  THEORIE  DE  LA  SURFACE  PORTANTE  A DE8 
AILES  MONIES  DE  GOUVERNESi 

8 Darras  end  R Oat  fn  AGARD  Symp  on  Unsteady  Aerodynamics 
for  Aeroalastic  Analytes  of  Interfering  Surfaces.  Part  2 Apr  1971 
14  p refs  In  FRENCH.  ENGIISH  summary  (S-^e  N71-29330 
17-01) 

Avail  NTIS 

A method  for  solving  the  problem  of  control  surfaces  m subsonic 
unsteady  flow  is  contideied  It  is  based  on  the  exp!>citation  of 
the  logarithmic  singularity  of  the  pressure  fmid  and  on  an  analysis 
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of  Ih*  usual  mains  solution  of  tha  Intagral  aquation  This 
maihod.  whose  application  to  a raciangultr  wing  has  alraa^/  baan 
dascribad.  is  asiandad  ham  to  an  arb'traiy  planform  Tha  comparison 
of  aapanmantal  and  thaoiatical  mtulis  ofjtainad  for  tha  rectangular 
wing  IS  also  shown  Auttior 

N71-29348||l  British  Aiicratt  Corp  . fl.srton  (Englandi 
UNSTEADY  AISFORCES  FOR  VYIN08  WITH  CONTROL 
SURFACES.  PARTI:  tOAOIMO  Fu NOTIONS 
8 L Hawitt  In  AGARD  Symp  on  llnstaady  Aarodynamics  for 
Aaroaiaatic  Analyses  of  Intarfanng  SuiTacas.  Part  2 Ap'  1971 
26  p mfs  ISaaN71-29338  17-011 
Avail  NTIS 

An  attempt  was  made,  through  tha  use  of  matched  asymptotic 
aipsnsion  techniques,  to  define  methods  for  finding  the  inner 
singular  pressure  loading  functions  associated  with  s wide  variety 
of  interaction  effects  on  wings  with  unbalanced  control  surfaces 
Tha  work  is  basic  m tha:  u facilitates  the  construction  of  adequate 
loading  forms  which  are  neci'tssry  before  attempting  to  obtain 
convergent  lifting  surface  theory  solutions  It  extends  the  practical 
scope  of  LandahTs  work  and  gives,  as  a result,  sound  reasons  lor 
modifying  the  loading  recipes  Author 

N71-29349||l  British  Aircrsft  Corp  . Warton  lEnglar.di 
UNSTEADY  AIRFORCES  FOR  WINDS  WITH  CONTROL 
SURFACES.  PART2:  CA LCULATION  METHODS 

8 L Hewitt  In  AGARD  Symp  on  Unsteady  Aerodynamics  lor 
Aaroelastic  Analyses  o'  Interfering  Surfaces.  Pan  2 Apr  t971 
24  p refs  (See  N7 1-29338  17-01) 

Avail  NTIS 

Using  the  local  loading  solutions,  a nume  ical  method  is 
uvvciiLred  wiiiuh  eccuretsly  evsiuetes  the  esscciatcd  disco.ntnnjous 
downwssh  distribution,  w(2l  lor  steady  flow  WI2I  is  then 
regularised  through  the  specified  boundary  conditions  to  give  wl  t ) 
which  can  then  be  used  to  gam  converged  solutions  for  the 
residual  loading  Full  loading  solutions  are  found  lor  rectangulai 
wing  with  controf  surface  configuralions  m incompressible  flow,  and 
the  results  compared  with  other  methods  The  form  of  w(l)  is 
calculated  on  a simple  swept  wing  with  control  surface  configuration 
and  IS  found  to  become  irregular  near  the  hinge  line  comers 
Modifications  to  the  originally  chosen  special  loading  form  are 
suggested  which  should  lead  to  convergent  loading  solutions  loi 
swept  wings  Aulhoi 


N71-29360i|l  Oeuisctie  Forschungs-  und  Versuchsanstsil  'uer 
Lull  end  P.aumfahrt,  Gcsiimgen  (West  Germany) 

PRESSURE  MEASUREMENTS  ON  AN  HARMONICALLY 
OSCILLATINO  SWEPT  WING  WITH  TWO  CONTROL 
SURFACES  IN  INCOMPRESSIBLE  FLOW 

H Forsching.  H Triebsiein.  and  J Wegener  In  AGARD  Symp 
on  Unsteady  Aerodynamics  tor  Aeroelastic  Analyses  of  Interfering 
Surfaces  Part  2 Apr  1971  15  p refs  ISee  N7 1 -29338  1 7 C 1 ) 
Ay-'il  NTIS 

The  results  of  an  experimental  study  of  the  pressure 
singularities  occurring  along  the  control  surlace  edges  of  a 
harmonically  oscilalmg  swept  wing  control  surface  system  m 
incompressible  flow  are  presented  and  discussad  The  two  control 
surfaces  ranged  along  ihe  wnole  span  of  the  wing  and  could  be 
excited  so  that  auemativeiy  me  inner  or  the  outer  flap  or  even  both 
wore  oscillating  with  different  phases  and  amplitudes  relilive  to 
each  other  and  relatrve  to  the  wing  Author 


N71.31469*  Adu.  gry  Group  lor  Aerospace  heseard.  and 
Development  Pans  Ifiancei 

TECHNICAL  EVALUATION  REPORT  ON  AGARD 
8PE  Cl  A LISTS  MEET!  NO  ON  AERODYNAMIC 
INTERFERENCE 


Oavid  J Peake  May  197)  18  p refs  Coni  held  at  Silver  Spring 
Md  .28  30  Nov  1970 
lAGARO  AH-34-71)  Avail  NTIS 

A critique  of  topics  discussed  at  the  AGARD  meeting  on 
aarodvnamic  interference  is  presented  Discussions  evaluated 
include  wing  body  and  wing  body  tail  mierleience 
airframe  propulsion  interactions,  and  aulrames  stores  interference 
The  maror  advance  is  considered  to  be  the  treatment  of  a lifting 
wing  body  combination  in  which  a sheet  of  trailing  voincilv  Irom 
a wing  was  coupled  with  the  Imile  element  method  It  is 
recommended  that  a calibration  model  of  a wing  body  combination 
be  chosen  lor  checking  various  computation  schemes  and  some 
high  Reynolds  number  wind  tunnel  tests  be  conducted  to  provide 
details  of  tha  lunclion  pressure  diSIribulior'S  and  rhe 
three  dimensional  houndaiy  layers  and  wakes  F 0 5 

N71  38198|H  Advraory  Group  lot  Aetcdpact  Raaearch  and 
0«w4lopmant.  Pane  (France).  Stiuciures  arvd  Materialt  Parvel 
A COMPARISON  OF  METHODS  USED  IN  LIFTING 
SURFACE  THEORY 

O  L Woodcock  (KAE,  Fambotough.  Enel  ) Jun  1971  149  p 

tefa  SuppletTvent  to  the  Manual  on  Aartyalattlcilv.  P4H  6:  sea 
NS5  24768 

(AC.AflO-R  683  71)  Avail  NTIS 

A |0rnt  raaearch  projen.  organiaad  by  the  AGARD  Structuraa 
and  Matatrala  Panel  a raportad  The  putpoae  of  the  project  i«  to 
aatabtrah  tha  ralatrva  mariia  of  ditfarani  methods  of  calculating 
tha  err  forces  on  oacillating  wings,  and  to  provide  a starvdard 
which  can  bs  Uisd  in  the  future  lor  comparison  or  test  purposes 
A schema  of  cases  to  be  considered  wss  set  up  which  covered 
vanationa  of  the  peremeters.  plenform  geometry,  mach  number 
reduced  froquef-cy  and  mode  of  oscillation  Contributions  came 
from  sra  countries  using  nearly  thirty  diflarant  methods  arvd 
composing  nearly  erghi  hundred  calculations  Ths  labulalad 
results  sre  preceded  by  descriptions  of  the  various  methods  used 
ertd  by  e comprehenaive  ayetam  of  annotalion  Author 


N71-3644X)#  Advisory  Group  for  Aerospace  Reseerch  end 

Development.  Pens  IFisnce)  Ad  Hoc  Committse 

ENGINE  AIRPLANE  INTERFERENCE  AND  WALL  CORREC 

TIONS  IN  TRANSONIC  WIND  TUNNEL  TESTS 

Aug  1971  143  p rets 

(AGARO-AR-36-7  II  Avail  NTIS 

CONTENTS 

1 CONCLUSIONS  AND  RECOMMENDATIONS  ON 
ENGINE  AIRPLANE  INTERFERENCE  AND  WALL  CORRECTIONS 
■N  TRANSONIC  WIND  TUNNEL  TESTS  A Fern  5 p (See 
N’1-36401  23-01) 

2 ENGINE  AIRPLANE  INTERFERENCE  IN  TRANSONIC 
TESTS  F Jeersme  117  p rals  (See  N71 -36402  23  01 ) 

3 WALL  CORRECTIONS  FOR  AIRPLANES  WITH  LIFT  IN 
TRANSONIC  WIND  TUNNEL  TESTS  R Monti  15  p rals  (See 
N71  36403  23-011 

N71 -36401 1)1  Advisory  Group  (or  Aerospace  Research  end 
Development.  Pens  (France) 

CONCLUSIONS  AND  RECOMMENDATIONS  ON  ENGINE 
AIRPLANE  INTERFERENCE  AND  WALL  CORRECTIONS  IN 
TRANSONIC  WIND  TUNNEL  TESTS 

Antonio  Ferri  (New  York  Univ , N Y ) In  its  Eng  -Airplane 
Interference  snd  Well  Corrections  m Transonic  Wind  Tunnel 
Teate  Aug  1971  5 p ISee  N7 1 -36400  23-01 1 

Avail  NTIS 

The  conclusions  end  recommendeimns  eie  presented 
concerning  Ihe  c )ire>  I lepresentsiion  m wind  tunnel  tesii  of  Ihe 
interection  betw  isn  engine  flow  end  supltne  chiricie'isncs.  snd 
well  inlerforenci  el  high  lift  A review  of  eiperimentil  methods 
in  use  fhr  del  ,rmimng  engine-iirplene  interference  in  neneomc 
taele  mciudes  ihe  following  topice  (1)  inlet  airplane  interference. 

(2)  engine  thijit  with  supltne  ditg  snd  nottle  chuicienstics. 

(3)  exhaust  flo  v end  tiipitna  interference,  end  (4)  dele  mineiion 
of  inierfetencs  of  the  engine  flow  on  the  eeicdynimic 
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vS«ract*nMic«  of  tbi  compitu  configuration  It  ia  csncludad  that 
al  o4  (h«  approaclioa  hava  important  unknowna  Snd  ahortoom- 
mgi:  actiort  ia  raquirad  by  raaaarcb  groupa  to  duvalop  now 
Hchntquaa.  and  improva  axntirtg  onaa  F O S 


H71-S#402||I  Adviaory  Group  for  Aaroapaea  Raaaarefi  ar.d 
Oavf  lopmant.  Paria  (Frartcal. 

INOINE-AIRPLANE  INTERFEHENCE  IN  TRANSONIC 
1t«TS 

F.  Janrtmo  INatl.  Aaro-  and  Aatronaut  Raa  Irtat.)  !n  rra 
Eng.  Airplana  Intarfaranca  and  Wall  Corractiona  in  Tranaonic 
Wind  Tuonal  Taata  Aug  1071  It?  p rafa  (Saa  N71-3S*00 
73-011 
Avan  NTIS 

A compilation  ia  praaamad  ot  tfia  raaponaa  to  a diatributad 
duaaiionnaira  on  angirta-airframa  intarfararrca  in  tranaonic  taata 
among  aeronautical  laboratoriaa  oparating  tranaonic  Mind 
tunrtala.  aircraft  martufacturart.  artgina  comoaniaa.  and  airplana 
uaara  m tha  ACAflO  countnaa  Tfia  aapanmantal  tachniquaa. 
corraction  procaduraa.  aArantagaa  arid  limitanona  of  inlat. 
noofa/aftarbody.  complata  modal  taating.  artd  angina  tfiruat 
datarmmation  ara  dacuaaad  in  a tacfinical  order.  Autfior 


N71-?0aO3|  Aifiriaory  Group  lot  Aaroapaea  Raaaarefi  and 
Oavalopmartt.  Paria  IFranea) 

WALL  CORRECTIONS  FOR  AIRPLANES  WITH  UFT  IN 
TRANSONIC  WIND  TUNNEL  TESTS 

R.  Monti  (Unnr.  Oagli  Studi.  Naplaa  Italvl  /n  nt  Ertg  -Airplana 
Intarfaranca  and  Wall  Corractiorta  in  Traitaonie  Wirtd  Tunnal 
Taata  Aug  1971  1Bp  raft  (Saa  N7I -3ft400  23-01 1 
Avail  NTIS 

Tfia  tacfinical  information  auppliad  by  tfia  Ad  Hoc 
Commrttaa  ia  aummariiad  Afiar  aoma  preliminary  ramarka  on 
wall  intarfaranca  corractiona  m tranaonic  laau.  tfia  diffarant 
anawara  to  tfia  AGARO  quaationnaira  are  piaaantad  togalfiai 
with  tfia  mam  pointa  mada  by  tfia  commrttaa  mambaif  aa 
rapraaantativaa  of  tfia  different  countriaa.  A number  of  ganaral 
agraamanta  among  tfia  commrttaa  mambara  ara  atatad  wfiicfi 
indicaia  tfia  atata-of-tfia-art  of  tranaonic  wind  tunrtal  corractiona. 
Tfia  diacuaaiona  end  tfia  concluaionc  of  tfia  committaa  ara 
ptaaantad  on  tfia  proNamt  wfiich  appear  to  ba  rnoat  important 
for  future  raaaarefi  Problama  ara  briefly  reviewed  tnd  reaaarcfi 
areaa  ara  indicatod  for  wfiicfi  tfia  commitiae  agreed  an 
international  program  will  be  moat  proTitabla  A liai  of  raferencea 
ia  providad  which  UKludaa  tfia  worka  raleranced  by  all  tfia 
diffarent  groupa  participating  in  the  committee  Autfior 

N72- 11964^  Adviaory  Group  lor  Aaroapaea  Reaaarcfi  and 
Oavalopmant.  Pant  IFrancal 

FACILITIES  AND  TECHNIQUES  FOR  AERODYNAMIC 
TESTING  AT  TRANSONIC  SPEEOS  AND  HIGH  REYNCLOS 
NUMBER 

Aug  1971  409  p raft  Pieaenied  at  lha  Fluid  Oyn  Panel 

Specialiata  Mealing.  Goallingen.  26-28  Apr  1971 
IAGARO-CP-S3-7II  Avail  NTIS  HC  S6  00/MF  SO  96 

Tfiaoiatical  maihoda  md  wind  lunnal  faciliiiaa  Inr  trrmaonic 
aerodynamic  tatlmg  ol  . icraft  at  high  Rcy-noldt  iiumbaia  are 
oolirnad  Requirtmentt  of  teat  facilitma  ara  clarified  and  poaaibla 
impiovamante  m amaimg  lacifinaa  and  taaimg  lechniouaa  art 
diacutaed  For  mdnnduti  iniat.  tae  N72-I1855  ifirouofi 
N72  11887 


N72-11896|f  Royal  Aircraft  Eatablitfimanl.  Famboiougfi 

(En9l*n<j) 

SCALE  EFFECTS  IN  FLOWS  OVES  SWEPT  WINGS 
M G H*(l  /n  AGARO  F«citi(i*t  §nd  T#ch  for  Avrext/n  T««iing 
•t  Tfintoftic  Spo«d«  and  High  Raynoldt  Numbar  Aug  1971 

22  p r«ft  N72- MC54  03-On 
Avod  NTIS  HC  $6  00/MF  $0  95 

A rwiaw  I*  givan  of  th*  affacit  of  vanaiioria  m Rayriofdt 
numbar  on  tha  pottibia  typaa  of  flow  uvar  a awapt  wtng  and  iha 
boundanaa  batwaan  tham  Thraa  mam  flow  ragimaa  ara  diwcuatad 
m lurn  tha  atlachad  oouodary  layar  which  may  ba  lammar  or 


turbulam  ar>d  whara  tha  poaition  of  tranaition  i»  important,  tha 
thin  waka  which  aktanda  downatraam  from  tha  ’railing  adga  of 
tha  wing  arid  tha  rtgima  of  aaparatad  flow  Thair  mtaracliona 
with  tha  aitarnal  flow  ar>d  with  aach  othar  ara  inciudad  Tha 
flow  atructuraa  ara  thraa  dimcnaional  m ganaral  RayrKMda 
numbar  affacta  ara  baat  undarttood  whara  ttmpla  attartaiona 
from  two  dimantiona  can  ba  mada  Tha  most  aariout  gaot  m 
undaraiandmg  ara  found  whara  compraaiibilitv  and  atrong 
mtaraclioot  ara  important  Author 

N72‘1)S5S#  Royal  Aircraft  Establithmant.  Badford  (Englar¥j) 
SOME  ASPECTS  OF  VISCOUS  INVI8CI0  INTERACTIONS 
AT  TRANSONIC  SPEEOS.  AND  THEIR  DEPENDENCE  ON 
REYNOLDS  NUMBER 

J E Graah  fn  AGARO  Facdmat  and  Tech  for  Aarodyn  Taatmg 
at  Tranaonic  Spaada  arxf  High  Reynolds  Numbar  Aug-  19/1 
12  p rafa  (Saa  N72  1 1854  03-01) 

Avail  NTIS  HC  $6  00/MF  $0  95 

Currant  umJaratandmg  of  viscoua  mviacid  interactions  is 
raviawad.  with  panicular  rafaranca  given  to  ...a  chsractansiica  of 
mtaract'ona  on  tranaonic  awapt  wings  and  their  dapandanra 
upon  Reynolds  numbar  Interactions  of  three  different  dagraas 
are  discussad  the  weak  interaction  batwaen  bound;>y  lay#’  and 
waka  davalopmant  overall  and  the  flow  field  at  large,  tha  strong 
but  localiidd  interaction  beneath  shockwavea  and  at  trailing 
edges  m luliy  attached  flow,  and  the  strong  interactions  which 
invoiva  boundary  layer  separation  and  hence  have  an  important 
effact  on  the  entire  flow  field  finally,  tha  possibilities  are 
discussed  of  manipulating  the  boundary  layer  m order  to 
simulate  m the  wind  tunnel  the  viscous-inviscid  interactions 
found  at  fli»iht  Reynolds  numbers  Author 


N72118S7#  Deutsche  Forschungs  und  Varsuchsanstalt  fuar 
loft  ond  Raumfahrt.  Brunswick  (West  Germany) 

A METHOD  FOR  CALCULATING  THE  TRANSONIC  BUFFET 
BOUNDARY  INCLUDING  THE  INFLUENCE  OF  AEVNOLDS 
NUMBER 

f Thomas  and  G Redaker  m AGARD  Facilities  and  Tech  for 
Aarodyn  Tasting  at  Transonic  Speeds  and  H.gh  Rayr^olds 
Numbar  Aug  1971  14  p raff  (See  N72-1 1854  03  01 1 

Avar)  NTIS  MC  $6  00/MF  $0  95 

A purely  lhaoraiical  method  for  caicuiitir>g  the  buffet 
boundary  of  straight  and  swept  wings  including  lha  aHacia  of 
Reynolds  numbars  is  reported  In  the  procedure  of  calculation. 
Srnnoit  s method  for  estimating  the  pressure  distribution  in  a 
transonic  flow  with  shock  waves  is  used  as  wall  as  the  methods 
of  WaU  and  Cumpsty  and  Head  for  calculating  turbulent 
boundary  layers  in  two-  and  three  dimensional  compresaibla 
flow  Tha  agreamani  of  the  theoretical  calculation  with 
axparimamai  raauiia  from  wmd  tunnel  aryj  flight  tests  at  various 
Reynolds  numbers  is  vary  satisfactory  Author 


N72-11868I  Royal  Aircraft  Establishmani.  Farnborough 
(Er>gland)  Aerodynamics  Dapi 

A TYPE  OP  STALL  WITH  LEADING  EDGE  TRANBONIC 
FLOW  AND  REAR  SEPARATION 

J Otbofr>a  and  H H Paarcay  In  AGARO  Facilities  and  Tech 
for  Aarodyn  Tasting  at  Transonic  Speeds  and  High  Reynolds 
Number  Aug  1971  lip  refs  xSea  N72  1 1854  03  01) 

Avail  NTIS  MC  $6  00/MF  $0  95 

Surface  prastuia  maasuramantt  are  prasantad  for  a leadir>g 
edge,  transonic  flow  which  occuis  tor  h:gh  angles  of  incidence 
and  for  atraam  ipaadt  m th«  medium  subsooK  range  A shock 
ir>ducad  separation  devaiopt  m tha  first  5%  of  the  chord,  and 
alto  preaent  is  the  rear  separation  that  would  be  aspecied  in  the 
low  Speed  s’ail  of  an  aerofoil  having  a ihicknass/chord 
*ei*o/'ira'*ar  than  about  10%  Results  for  transition  fiaed  and 
free  raproduca  raspectivaly  tha  classical  faaturas  for  turbulent 
and  laminar  type  interactions  at  the  leading  edge  shock,  these 
leave  different  disturbarKei  m tha  reattached  turbulent  layer 
which  then  react  difarentiy  on  the  rear  separation  A (aw  raauht 
are  ir>cludad  lor  an  iniarmediata  affect  on  iransitioo  The 
Reyriolds  number  for  all  the  tests  was  in  the  region  of  2 k 1 
million  tiasad  on  aerofoil  chord  Author 
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N72-118S9*|  A«fOO«utic«  «nd  Sp*c«  AdmmitiratiOA 

iMo^i  R«M«rch  C«nttr.  Statioo.  Va 

HfYMOiOt  NUMMR  MCQUIflEMINTt  FOR  VALID 
Tf  STIMO  AT  TRANSONIC  SRCCDt 

William  6 lgo«  and  Donald  b Baaia  in  AGARO  FacilaiM  and 
Tocb  for  Aarodyn  Tatting  ai  Tranaonic  Spaada  and  Htgh 
Raynolda  Numbar  Aug  1971  S p rata  (Saa  N72  I18&4 
0301) 

(NASA-TM  X 67412)  Ava*l  NTIS  HC  S600/MF  $096 
CSCL  200 

THa  variation  ot  wing  abock  iocaiion  with  Reynoldi  numbar 
haa  ba an  aiarmnad  (or  conhg«irai«or\a  for  which  both  flight  and 
win^  tunnal  wing  praatuta  dotnbulior)  data  wtra  tvadabla  to 
datarrn.na  if  thara  *a  a rmrumum  lavat  of  Raynolda  numban. 
thon  of  full  Kata,  at  which  ratiabia  flow  simulation  can  ba 
achiavad  m trar.aonic  taat  faciiitiaa  tha  uhock  iocatioru  aa  a 
furKtion  of  Raynddt  numbara  at  cooditiona  of  conaiant  Mach 
numbar  and  angia  of  attack  wara  no#maii2ad  ao  that  ahock 
poartion  waa  obtainad  m lalatrva  tarma  from  taro  to  unity  for 
aach  corthgurat<on  artd  cortdition  itudiad  Normaluing  tha  ahock 
location  parrmttad  tha  companaon  of  data  for  diffarant 
configurations  and  cortditiont  on  a common  batia  Not  anough 
data  hava  baan  anaWtad  thua  far  to  obtam  condutiva  raautta 

Author 

N72-11S60#  Northrop  Corp  . Hawthorr^  Catif  Aircraft  Orv 

RECCNT  EXPERIENCE  IN  THE  TRANSONIC  TESTING  OF 
TWO  DIMENSIONAL  SWEPT  AND  STRAIGHT  WINGS 
WITH  HIGH  LIFT  DEVICES 

W E Grahama.  J W Haadtay  and  L W Rogara  in  AGARO 
Facilitiaa  and  Tach  for  Aarodyn  Taatir\g  at  Transonic  Spaadi 
artd  High  RayrK>lda  Numbar  Aug  1971  17  p raft  (Saa 

N72-1 1864  03  01) 

Avail  NTIS  HC  $6  00/ MF  S0  95 

Tha  raauiti  of  a aanaa  of  tranaomc  taata  of  two  dimanaionai 
wmga  witn  vanout  high  i»h  davK.i*  ara  praaaniad  T>»a  laata 
a^a  parlormod  in  an  aarodynamic  tranaonic  wind  tunnal  on  an 
uoawapt  winy  with  a jai  flap  and  a awapt  wmg  with  boundary 
control  davicaa  Both  wmga  wara  taatad  through  a Mach  rang# 
of  M - 0 70  to  M - 0 95  and  a Rayrtolda  Numbara  rar^ga  of 
2 6 to  6 6 million  par  foot  Additional  taau  mciudad  a auparcntical 
wmg  With  iiot  blowing  and  a laadmg  adga  flap  with  ■ |#t  flap 
Comparraona  of  wmg  praaaura  drttributK>r>a  and  flow  vraualuaiion 
aiudiaa  illuttrai.3  tha  affactryanaaa  of  (ha  lat  flap  and  aiao  tha 
high  lift  davicas  in  controlling  flow  taparat'on  Longitudinal 
chartciariaiica  which  ahow  tha  affacta  of  Raynolda  numbar  ara 
•No  praaantad  Comparative  anaiyaaa  indicating  tha  improvamant 
obtainad  w;th  aach  of  tha  high  hft  davicaa  it  ahown  Author 


N72  IISSII  National  Aaronautical  Eatabliahmant.  Ottawa 
(On(ano) 

THE  TRANSONIC  PERFORMANCE  OF  TWO  OIMEN 
SIONAL  JET  flapped  AEROFOILS  AT  HIGH  REYNOLDS 
NUMBERS 

O J Paaka.  H Yoanihara.  0 Zonara.  arid  W Carter  in  AGARO 
FKiiitiat  end  Tech  for  Aarodyn  Taftmg  ai  Tranaonic  Spaada 
and  High  Rayr>ol<H  Numbar  Aug  1971  39  p raft  (Sae 

N72  1 1854  03  01) 

Avan  NTIS  HCS6  00/MF  $095 

Taai*  ••  i f'l4  rranaonic  wmd  tunnal  war#  conductad  to 
datarmma  tha  affect  of  Raynolda  numbara  on  tha  iraneonK 
parformanca  of  » 10%  aft  c«mbarad  profiia  with  lat  flapa  m 
particular  (he  effect  on  the  preaauia  di^tnbuiion  dreg  divergence, 
and  buhat  or>aei  Oiainbuted  aucr»on  wa»  applied  on  the 
fidawalfa  m the  vicmity  of  th«  moc*ei  to  insure  thet  the 
interaction  of  the  shock  wa^  primarily  with  ina  airfoil  boundary 
layer  The  absence  ol  tidewall  auctinn  h»<i  a sianifcant  effect 
upon  tha  upper  torface  flow,  with  tha  shock  bair>g  displaced 
upatraam  by  about  1 5%  of  the  chord  In  the  rariga  of  tha 
Raynolda  number  taatad  thara  waa  a nottceabia  affect  of 
Rayitoldf  number  or*,  d'ag  divergence  and  a vignif^cani  affect  on 
bun»*  onaal  Author 


M72  1 1862a  Oeuiacfia  Forachunga  und  Vartuchaanttali  tuar 
U«ft-  und  Raumi.*hrt  Goattmgan  IWaat  Garmanv) 


EXPERIMENTAL  INVESTIGATION  OF  THF.  DRAG  OF 
W1NQS  WITH  A BLUNT  TRAIUNG  EDGE  AT  TRANSONIC 
SPEEDS 

M Tanner  in  AGARO  Facilities  ar>d  Tech  for  Aarodyn.  Teatmg 
at  Transonic  Spaada  ar>d  High  Raynolda  Numbar  Aug  1971 
6p  raH  (Sae  N72  11854  03  01) 

Avail  NTIS  HCS6  00/MF  $0  95 

Tha  DOasible  improvement  of  aerodynamic  proNaa  due  to 
blunt  trailing  edges,  drag  and  lift  maasuremaots  waa  atudtad  on 
two  Wings  of  fmita  span  m a transonic  wind  iMnnai  The  Mach 
number  had  values  from  0 5 to  2 2 ar>d  the  Reynofdt  numbar 
was  about  R t 500. COO  erom  these  lasulta  it  waa  possible  to 
^^x«uoa  that  in  order  to  achieve  a drag  reduction  at  tranaonic 
spaadi  the  trailing  edge  thicknaac  shoulu  not  ba  axcussiva  and 
the  boattailmg  angle  should  be  small  Furthermore,  a apccial 
broknn  shape  of  the  trailing  edge  is  favorable  for  low  drag  at 
ihaas  My.ch  r^umbers  At  supersonic  Speeds  the  iittamablv  drag 
rad4.€t»or>  at  laro  lift  is  gieate'  than  predicted  by  Chapman  Tha 
lift  cu'va  .\lopa  .s  greater  for  the  wmg  with  a blunt  trailing  edge 
then  for  the  wmg  with  a conventional  sharp  trailing  adga  With 
thn  most  eihr'iaot  blunt  trailing  edge  the  maximum  lift  to  drag 
ratio  at  transonic  speeds  is  onlv  a f-.v  per  cent  lower  than  for 
the  wmg  with  a sharp  trailing  edge  Author 


N72-11863tf  Deutsche  Forachunga  und  Versuchsanstal'  fuer 
Luft  urid  Reumfahr.  Goettingen  (West  Garmr.:iy) 

FORCE  AND  PRESSURE  MEASUREMENTS  ON  A BLENDER 
DELTA  WING  AT  TRANSONIC  SPEEDS  AND  VARYING 
REYNOLDS  NUMBERS 

W Stahl.  K Haitmann.  and  W Schneider  in  AGARO  Facilitiat 
aryj  Tach  for  Aerodyn  Testing  at  Tranaontc  Speeds  ar>d  High 
Rayholdt  Number  Aug  I'i71  11  p rely  (See  N72-1  1854 

03  01) 

Aval!  «T!S  HCS6  00;MFS0  95 

Transonic  wmd  t««nnei  mveattgaliona  were  earned  out  on  a 
Hander  delta  wmg  wit!>  aspect  ratio  A 0 52  at  Mach  numbers 
0 5.  0 7.  0 8.  0 9,  0 95  0 975  1 0 1 1 . and  1 2 for  angles  of 
mcidanca  up  to  about  30  devj  Normal  force  and  pitching 
moments  were  measured  as  well  as  spanwise  pressure 
diatribuiiona  on  the  wmga  pressure  and  suction  side  at  five 
Croat  factions  The  Reynolds  number  was  held  constant  at  a 
value  of  Re  2.700.000  for  all  Mach  numbers  The  normel 
force  and  pitching  moment  coeffroei'ts  showed  a noticeable 
deper>dence  on  Reynoids  number  the  pressure  distribution  was 
influericed  mamly  around  the  suction  pe«^  Successful  attempts 
were  made  at  low  Reynolds  number  to  influence  the  boundary 
layer  on  the  wmgs  suction  side  by  means  of  carborurylum 
barHj  insight  was  obtained  into  the  structure  of  the  flow  field, 
neer  tonic  velocities,  by  usmg  a newly  developed  smoke 
vi'.ueliiation  technique  and  with  the  help  o<  oil  Pow  pictures 

Author 


N72  11Se4f  Ar  rny  Missile  Command.  Huntsville.  Aia 
BODIES  OF  revolution  AT  TRANSONIC  SPEEDS:  THE 
ESTIMATION  OF  REYNOLDS  NUMBER  EFFECTS 
T H Moulden  D J Spring  R O Saisi.  K Aoyama.  and  J M 
Wu  in  AGARO  Facilities  and  Tech  for  Aerodyn  Testing  at 
Tranaonic  Speeds  and  High  Reynolds  Number  Aug  1971 
13  p rets  (See  N72  11854  03  01) 

Avail  NTIS  HCS6  00  MF$0  95 

Tha  axperimental  data  presented  are  taken  from  a aanes  of 
tests  on  e body  of  revolution  at  transonic  Speeds  The  test 
Reynolds  number  was  of  the  order  of  one  rrullion  Both  mounting 
Strut  and  tunnal  wall  interference  effects  are  discussed  A 
theoretical  procedure  is  developed  to  leke  accourit  of  the  viscous 
affect;  on  the  body  It  it  shown  that  the  potential  flow  thaory  of 
Wu  /.nd  Aoyama  gives  close  agreement  with  experimental  data 
Howavar.  and  particularly  to  study  separation  and  Reyr>olds 
number  effects  it  is  necessary  to  introduce  boundary  liyar 
affects  in  the  theoretical  work  Taking  the  dispiacenient  surface 
as  an  equivalent  body  for  the  second  approximation  it  it  shown 
that  only  a small  char^ge  m surfaca  pressure  dittnbuiion  on  tho 
body  It  realised  Hence  it  follows  that  m the  absence  of 
saparalion  a large  change  m Reynolds  number  IS  of  little 
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MOnificanca  m l«r  at  tur^aca  piattu'ai  t>t  concamad  T>V' 
gananl  conciutMX  it  that  h»  a txxlv  Ot  ravolulton.  tunnal  and 
tnogntmo  mtatfatanca  atfactt  ata  mo -a  ugnificant  than  Rar«o<<la 
numbat  atlarta.  ivovidad  tha  flow  a not  tapata'ad  Auth<v 


N72  11MS#  G'ummaii  Aaioapaca  Corp  . Bathpaga-  ^ 
TRANSONIC  AtnOOVNAMIC  CHARACTERISTICS  ANO 
THEIR  EVALUATION 

Arthuf  A Lambart  In  AOARD  Faolitiaa  and  Tach  for  AarodV't 
Tatting  at  Tranaonic  Spaads  and  High  Ravnoldt  Numbar  Aug 
1B71  4 p raft  ISaa  N72  i I8S4  03  on 

Avail  NT1S  HCM00/MFS0  95 

Tha  naad  for  mota  a/alaintiic  tranaonic  wmd  tjnnal  laating 
to  apm  down  tha  aflarta  of  flow  and  anvironmant  combinationa 
and  to  0 moro  tciontif  c t>atis  for  fliQht  timultt»oo  and 

•oalytit  It  outlmod  Th«  di»cutai:3n  mcludaa  the  offa^lt  of  tiaody 
ufttiaady.  and  m'vod  noiR*  phar'jmona  on  ioo*s  oMd  for  draign 
and  avaioal*on  of  tha  importsnt  transonic  flight  parformaoca 
paramat^  Of  modatn  aircraft  • i» . mai  g capability.  manauvannQ 
buHat.  lav#}  flight  bjffat  cor*ro(  problams  ar\d  paak  drag 
charac.anattct  Tha  daaign  rnciuda  t'a  img  adga  ar>gio 

criiaria.  I'-a  affact  of  va  iout  awnap  hnat  and  wing  leading  adga 
davalopmant  Wind  tunnal  aYalua*ion  tools  mciuda  isobar  contours, 
prassura  tapa.  accala'omaiars  luit  standA.  gnd  oil  flov  tachniquas 
Tha  affacts  of  scala  and  Raynoda  Numbar  m connaction  with 
various  flow  phar^omana  and  assi.<tatad  flight  cor>dit»ons  ara  also 
diacusaad  Author 


N72-118S6I  Offtca  National  d Ciudas  at  da  Racharchas 
Aarospatialas  Pans  iFrancel 

TRANSONIC  TESTING  OF  T;tE  €N0IN€  NACCUE  AIR 
INTAKE  ANO  AFTER600Y  (tNTREE  O AIR  ET  ARRIERC 
CORPS  OE  FUSEAU  MOTfUR  EN  TRANS8ONI0UE | 

J laynaan  in  auaho  faciiitias  ano  Tacn  lor  Aarodyn  Taaimg 
St  Tranaonic  Spaads  and  High  Raynoids  Numbar  Aug  1971 
10  p raff  10  FRENCH  ENGLISH  summary  (Saa  N72  HSS4 
03  01) 

Avail  NTIS  HC$eOO/MF  $0  95 

An  aaampia  is  presented  of  tf  > study  of  a dogbla-fluK 
angina  nacflla  it  high  subsonic  Mach  numbers,  tha  investigation 
being  made  at  high  Reynolds  numbers  with  two  separate  models 
for  tha  air  intake  and  the  afterbody  The  test  on  the  ahartxxfy 
shows  that  the  conditions  of  variable  leis  do  not  react  signif»caoi!y 
on  the  upstream  flow  arourxi  the  nacelle  intake  and  cowl,  apart 
from  tha  immadiata  vicioiiy  of  the  ekhaust.  this  fact  lustifiaa  the 
large  scale,  study  of  ihe  air  intake  with  a modal  Supported 
downstream  by  a cylindrical  tube  replacing  the  |6t  in  the  same 
way.  mass-flow  late  venations  of  the  air  miaka  do  ooi  react  on 
the  flow  around  the  afterbody,  m a given  margin  this  allows  the 
a»udy  of  the  afterbody  on  an  upstream  stmg  Author 


N72-11S67/F  Aircraft  Research  Association  Ltd.  Bedford 
lEnglartd) 

POSSIBILITIES  FOR  SCALE  EFFECT  ON  SWEPT  WINGS 
AT  HIGH  SUBSONIC  SPEEDS  RECENT  EVIDENCE 
FROM  PRESSURE  PLOTTING  TESTS 

A B Hamas  In  AGARD  Facilinas  and  Tac'<  for  Aerodyn 
Tasting  at  Transonic  Speeds  and  High  Reynolds  Number  Aug 
1971  lip  re*s  (Saa  N72  1 1854  03  Oil 
Avail  NTIS  HCSdOO  'MF  S0  9S 

Tha  possibilities  for  scale  effect  on  swept  wmgs  ur>der 
Suparcrrtical  flow  condilioni  at  high  subsonic  tpaedi  are  discussed 
on  thn  bans  of  evidence  from  pressure  plottinri  tests  on  a venety 
of  wmga  Fo'  the  Super  VC  10  companion  of  prassura 
d«tnbut*ona  measured  m flight  and  in  model  tests  at  R 5 4 i 
1 million  shows  some  scale  affect  For  other  rjengns  however, 
the  scale  effect  could  be  much  greater  the  paper  shows  that  the 
underliamg  tachniqua  has  limitations  when  applied  lo  a sweptback 
wing  Examples  #<#  iMciudeJ  tha  Mow  patterns  are  very 

complas  with  many  mtaracimg  features  m such  cases  it  <s  often 
difficuit  even  id  forecast  whether  the  scale  effect  it  favourable  or 
unfavourable  Further  improvamenis  m swept  wing  design  will 
irKrease  Ihe  likelihood  of  serious  scale  effeci  Author 


N72  11SSB#  Aeronautica)  Research  Inst  of  Sweden.  Stock^m 
CORRELATION  OF  SOME  TRANSONIC  WIND  TUNNEL 
T^ST  DATA  TO  FLIGHT  *.^ST  RESULTS  FOR  TWO 
'iLENDER  WING  AIRPLANES 

Sven  ErA  Nyberg  tn  AGARD  Facilities  and  Tech  for  Aerotfyri 
Teeting  at  Tranaonic  Speeda  and  High  Ravr«olds  Number  Aug 
1971  lOp  (See  N72  118S4  03  01) 

Avarl  NTIS  HC  SBOO/MF  $0  95 

Soma  of  the  flight  test  data  obtained  on  two  slender  wir>g 
e^anea  have  bean  correlated  to  transonic  wmd  tunnel  test  deie 
obt.'imed  with  1/30  end  1 50  scele  models  Stat'C  ttebility  end 
control  derivatives  as  well  as  damping  and  period  m pitch  ernf 
chitch  roll  oscillations  as  pradictad  by  the  wmd  tunnel  tests  show 
gt-od  agreement  with  flight  tests  The  predicted  aero  lift  drag  fo' 
or>s  of  the  airplar>es  v as  highar  than  the  flight  test  dreg  wheraes 
the  .agreement  m till  induced  drag  was  satisfactory  Predictad 
compcr^ni  loadings  have  been  found  to  a^^-ee  well  with  flight 
test  results  Atr  inlet  pressure  recovery  was  stightl^  higher  in 
flight  than  m the  wmd  tunnel  Flow  distortion  at  engine  face 
shows  good  correlation  even  at  high  angles  of  attack  It  is 
coTKiuded  troin  these  rsiuHs.  that  for  slander  wmg  configuration, 
transonic  wmd  tunns(  lest  data  are  m general  reliable,  even  if 
obtained  at  relatively  low  Reynolds  nurnber  Author 

N72-11BS9*ik  National  Aeronautics  and  Space  Administration 
Flight  Resaarch  Center  Edwards.  Cehf 

A COMPARISON  OF  SOME  AERODYNAMIC  DRAG 
FACTORS  AS  DETERMINED  IN  FULL  SCALE  FLIGHT  WITH 
WIND  TUNNEL  ANO  THEORETICAL  RESULTS 
Edwin  J Saitiman  and  Donald  R Bellman  In  AGARD  Facilities 
arvd  Tach  for  Aerodyn  Testing  at  Transonic  Spee  -s  and  High 
Reynolds  Number  Aug  1971  22  p re*s  (See  N72  1 1854 

03  01) 

(NASA  TM  X 67413)  Avail  NTI$  HC  $6  00  MF  $0  95 
CSCl  20D 

Reliable  Inr  liefmmg  flight  values  Of  overall 

aircrfH  drag  a*^d  lurbuleni  skm  fr.ction,  ai^d  the  drag  associated 
with  :ocal  regions  of  separated  flow  ere  reponed  Selectad 
results  ^lom  these  studies  are  preserned  for  several  types  of 
eircreft.  including  the  X-lS.  tho  X8  70  lifting  bodies,  and 
military  interceptors  These  flight  results  are  compared  with 
pradictions  derived  from  wmdtunnet  models  or  for  friction,  with 
the  Kerman -Srhoenherr  relationship  The  flight  experiments  have 
defined  the  turbulent  skm  friction  to  Reynolds  numbers  somewhat 
above  10  to  the  8th  power  the  overall  drag  of  iwo  airplanes, 
base  pressure  coefficients  for  aircraft  and  for  en  ah-faemg  step 
immersed  m a thick  boundary  layer  A flight  application  of  a 
splitter  plate  for  reducing  base  drag  «s  discussed  along  with 
examples  of  the  drag  associated  with  afterbody  flow  separation 
for  shapes  hevmy  relatively  large  eherbody  closure  angles 

Author 


N72-11870*F  National  Aeronautics  nr>d  Space  Admmisuei'on 
Ames  Research  Center.  Moffett  F.eid.  Calif 

FEASIBILITY  OF  TESTING  A LARGE  CHORD.  SWEPT 
PANEL  MODEL  TO  DETERMINE  WING  SHOCK  LOCATION 
AT  FLIGHT  REYNOLDS  NUMBER 

Jones  F Cehiii  (tockheed-Georgia  Co).  Stuart  L Treon.  end 
Wiliiem  R Hofttetter  In  AGARD  Facilities  and  Tech  for 
Aerodyn  Testing  at  Transonic  Speeds  and  High  Reynolds 
timber  Aug  1971  lip  refs  (See  N72  1 1 854  03-01 ) 

IL  nirects  F33615  69  C01256  F3361  5 67-C  1 777) 

(N/ SA  TM  X 674141  Avail  NTlS  HC  S600/MF  $096 
CSCL  200 

As  a pari  of  a study  of  methods  for  simulating  high 
Reynolds  number  eero<jyna>nic  characteristics  of  large  aircraft, 
lestii  have  been  conducted  m an  11  foot  transonic  wmd  iur«nel 
lO  determine  the  feasibility  of  using  a large  chord  wmd  penal 
model  to  mvestigeie  the  van/  imn  of  shock  locetiori  with 
Reynolds  number  The  model  vvas  untwisted  and  wet  of 
consleni  chord  and  thickness  The  airfoil  section  was  that  from 
one  station  on  the  span  of  a high  speed  transport  rrpiane  for 
which  a substantial  imou  it  of  flight  and  wind  tunnel  pressure 
distribution  data  had  prevui'Sly  been  obtained  at  widely  different 
Reynolds  numbers  with  mdi  ationt  of  e large  scale  effect  on 
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•hock  lor«1ion  Th«  m»(0*  hndMtg*  horn  th«  flurty  «r«<«  th«l  th« 
variation  oi  thock  location  on  lha  panat  modal  waa  idontical  m 
charaettf.  but  conardarablv  amaHar  ovar  iha  Raynold*  numbar 
ranya  from  8 • maiion  to  28  0 maiion  than  that  mdicaiad  by 
•mating  data  on  iha  complaia  wmg  Ganarally.  tba  panel  modal 
data  on  ahock  location  and  iraiting  adga  praaaum  racovary 
tandad  toward  battar  agraamant  with  flight  data  than  with 
piavioua  wind  tunnal  data  on  amallar  complata  modala  Author 


N72-1187lf  Offica  National  dEiudaa  at  da  Rachaichaa 
Aaroapatialaa.  Pana  (ErarKOl 

WINO  rUNNEL  QUAUFICATION  8V  PERFORMANCE 
PREDICTION  AND  FUOHT  VERIFICATION  (VAUDITS  DE 
LA  80UFFLERIE  POUR  LA  PREVISION  0E8  PERFORM- 
ANCES ET  DES  OUALITES  DE  V0L| 

Ph  Poiaaon-Quinton  In  AGARO  Facilitiaa  and  T.'sh  for 
Aarodyn  Taaiing  at  Tranaonic  Spaada  and  High  Rvynolda 
Numbai  Aug  1971  16  p raft  In  FRENCH  iSaa  N72  1 1864 

03  on 

Avail  NTIS  HCSeOO/MF  $0  95 

Summanaa  of  bnal  data  ahaata  aia  praaaniad  that  contain 
aiforn'tiion  on  now  analytical  prediction  mathoda  and  flight  taata 
for  tha'  davalopmam  of  tranaonic  wind  lunnala  Pointa  of 
agraamant  ac  nHl  aa  of  diaagraamant  ara  illuatraiad  to  atimulala 
now  raaaaich  for  improving  wind  tunnal  qualiliaa  Author 


N72-11S72*F  National  Aaronautica  and  Space  Adminatration 

Amaa  Raaaarch  Caniar  Mof.'att  fiald  Calil 

TRANSONIC  TESTING  IN  EXISTING  WIND  TUNNELS 

J Uoyd  Jonaa  In  AGARO  Facilitiaa  and  Tach  for  Aarodyn 
Taatmg  at  Tranaonic  Snaada  and  High  Raynolda  Number  Aug 
1971  8 p raft  ISaa  N72  I18S4  03  on 
INASA  TM  X 674161  Ava  l NTIS  HC  S6  00/MF  $0  96 
CSCL  146 

Tha  probf«mi  of  obtaining  rapraaantatna  tranaonic 
aarodynamic  data  in  tutting  wmd  lunn«lt  ara  aaamirtad  Tha 
proMama  ara  approachad  by  raviawmg  Ihota  faaort  virhch 
inRuanca  lha  accuracy  of  maaautamant  and  flow  trmuialion 
Eaampida  of  flow  aimulanon  anomaliaa  sr#  gwan  Oamanda  for 
incraaaad  accuracy  and  raqi'iramania  for  conducimg  tranaonic 
invaatigtliona  undtr  conditiona  uKraaaingly  mora  autcaptibla  to 
atmulation  anomaliaa  ara  cited  Authoi 


N72-11873||I  Lockhaad  Gaorgia  Co.  Manana 
SIMULATION  OF  FULL  8CAU  FUOHT  AERODYNAMIC 
CHARACTERISTICS  BY  TESTS  IN  EXISTING  TRANSONIC 
WIND  TUNNELS 

Jonaa  F Cahill  In  AGARO  Facilitrat  and  Tech  for  Aarodyn 
Taatmg  at  Trarwonic  Spaada  and  Hiyli  Rayciolda  Numbar  Aug 
1971  8 p rafa  (Saa  N72  I1S64  03  on 

Avail  NTIS  HCS6  00/MF  $0  96 

Although  nawly  avolving  concapta  will  enabla  tha  oonatruction 
ol  ralativaly  maxpanaiva  wind  tunnala  capabla  of  producing 
tranaonic  aarodynamic  data  at  flight  Raynolda  numbara  a 
aubalantial  portion  ol  future  aircraft  davalopmant  laaiing  wilf  ba 
dona  at  aubacala  cond'tiona  It  la  imparatrva.  tharafora.  that 
mathoda  ba  davalopad  for  accural#  aimulaiion  of  Right 
aarodynamic  charactanatica  during  laaia  at  low  Raynolda  numbara 
Savaral  concapta  for  high  Raynolda  number  aimutabon  have  taan 
advanced,  and  aoma  have  been  damonairaiad  for  laolalad  caaaa 
Soma  of  Iheta  concapta  ara  raviswad  in  tha  light  of  axaling 
data  Author 


N72-11S74||I  Daulacha  Fo'tchjnoa-  und  Varauchaanatall  fuar 
Luft-  und  Raumlahrt,  fjoallingan  I Weal  Germany) 

SIMULATION  OF  TWO  DIMENtlONM  AEROFOIL  FLOW 
AT  HIGH  SUBSONIC  MACH  NUMBERS  AND  HIGH 
REYNOLDS  NUMBERS  BY  MEANS  OF  AN  EOUIVALENT 
BODY  OF  REVOLUTION 

W Lorani-Mayar  In  AGARO  Facilitiaa  and  Tach  for  Aarodyn 
Taoling  at  T rantonic  Spaeda  and  High  Raynolda  Number  Aug 


1871  Sp  raft  ISaa  N72- 11 664  03-011 
A«a4  NTIS  HCS6  00/MFS0  96 

In  ordar  to  itudy  lha  affect  of  high  Raynolda  numhart  on 
tha  tranaonic  flow  paat  two-dimanaional  aaroloila.  an  aquivalaot 
boily  of  ravolutan  waa  conatructad.  having  a four  to  fhra  timaa 
largar  chord  aoa  than  tha  coriaaportding  aarofoil.  and  grving  tha 
•ama  rata  of  tunnal  blockaga  Tha  contour  of  the  body  waa 
cakulatad  by  manna  of  a aourca-aink  diatribulion  Force  artd 
praaaura  maaauramanta  have  baan  parformad  m a tranaonic 
tunnal  at  Mnch  numbara  from  0 6 to  0 925  and  Raynolda 
numbara  f.om  Ra  aub  I • 4 million  to  16  nillayn  In  tha 
aubcmicai  langa  tha  raaulta  ahow  good  agraamant  with  tha 
calculaMd  firai-ordar  potannal  Row  Tha  evaluation  of  minimum 
praaaura  coatficiani  and  ahock  poaitton  thow  that  from 
Ra  tub  L - 8 million  no  aignihcant  dapandanca  on  Ra»nolda 
numbar  auatt  aithar  tt  aubcntical  or  auparcntical  apaada 

Author 


N72-11STBI  Hawkar  Siddatay  Aviation  Ud . Kingaton  upon 
Thamaa  (England) 

ON  THE  ROSSIBIUTY  OF  DEOUCINO  HIGH  REYNOLDS 
NUMBER  CHARACTERISTICS  USING  BOUNDARY  LAYER 
SUCTION 

Oiff  L Bora  In  AGARO  Fac-litiea  and  Tech  lor  Aarodyn 
Taatmg  ai  Tranaonic  Spaada  anO  High  Raynolda  Number  Aug 
1971  10  p raH  ISaa  N72  1 1854  03  Oil 

Avail  NTIS  HCS6  00/IRF  S0  9S 

II  aaama  that  tha  moat  crucial  diharancaa  of  characiaraiica 
from  wind  tunnal  modala  to  lull  acala  aucrah  alam  l.om  tha  tact 
that  lha  boundary  layara  on  tha  modal  are  utually  ralalivaly  loo 
thick  Conaaquantly  it  haa  baan  auggaatad  that  lull  acala  behaviour 
may  ba  mote  accurately  aimulatad  it  tha  Ihicknaas  ol  lha 
boundary  wara  raducad  appropnaialy  by  maana  ol  auction 
through  potoua  atripa  m tha  aurfaca  ol  tha  modalt  A auitabta 
tachniqua  would  afford  convaniaot  maana  for  varying  thy 
boundary  layer  Ihickr.en  wilhcu!  stopping  the  wy)  tunn*i  and 
•hould  ba  applicabla  to  more  modal  configuraliont  than 
convaniional  ondarfmng  ol  ttaneiton  Tha  implicationa  ol  thaaa 
propoaitiona  are  examined  m tha  light  of  boundary  layer 
calculaiiona  and  data  Author 


N72-11676I  london  Univ  lEnglandl 

SOUND  FIELDS  GENERATED  BY  TRANSONIC  FLOWS 
OVER  SURFACES  HAVING  CIRCULAR  PERFORATIONS 

M M Fraaaiona  and  R N Cox  In  AGARD  Facilitiaa  arid  Tach 
lor  Aarodyn  Taalmg  at  Tranaonic  Spaada  and  High  Raynolda 
Numbar  Aug  1971  8p  rafa  (See  N72-1 1854  03-011 
Avail  NTIS  HC  SB  00/  MF  $0  P5 

Taaia  made  on  lha  aound  wavaa  radiated  from  parforalad 
tranaonic  tunnel  Imaia  having  parpandicularly  drilled  holaa  have 
ahown  that  a regular  pattern  of  coherent  wave  fronta  occura  It 
•a  auggaatad  that  the  coupling  la  cauaad  by  a diaturbaiKa 
P'Opagatmg  along  the  aurfaca  of  the  liner  Raaulta  from  individual 
holaa  indicate  that  the  mechaniam  for  pirxJucTion  of  aound 
wavaa  la  aimilar  to  that  obaarved  from  two  dimanaional  cavrtiaa. 
and  that  tna  Slrouhal  r.umbart  of  the  modaa  occurring  can  ba 
pradtetad  with  leaaonable  accuracy  for  both  normal  ano  mclirad 
hofaa  uamg  a modal  propoaed  by  Roaaitar  Author 


N72-11877#  New  York  Umy  , N Y 

engine  airplane  INTERFERENCE  ANO  WALL  CORREC 
TIONS  in  TRANSONIC  WIND  TUNNEL  TESTS 
Antonio  Farri  /n  AGARD  Facilitiei  and  Tech  foi  Aarodyn 
Taalmg  al  Tranaonic  Spaada  and  High  Raynolda  Number  Aug 
1971  6 p (Sat  N72  1 1854  03  Oil 

Avail  Nils  HCSeOO/MF  S0  95 

Recant  davelopmanii  of  high  oarformanca  airplanaa  have 
ganaralad  requiramenia  for  the  prediction  of  tha  aerodynamic 
parformarKa  of  airplane  deaignt  with  aatramaly  high  accuracy  A 
critical  review  of  pratant  •xparim'-'ntal  mathoda  lad  to  the 
iniiiation  of  two  aapniata  afforta  relaiad  to  expurimanta  in 
tranaonic  flowa  1 1 1 dalarminalion  ol  Raynolda  numbar  affa eta 
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•nd  th#  design  of  high  Reynolds  number  wiruj  tunnels,  and  (2) 
correct  repiesentation  m wind  tur.nel  tests  of  the  interaction 
between  er>gine  How  and  airplane  chaiacteristics.  and  wall 
interference  at  high  lift  Author 


N72- 11 878*41  National  Aeronautics  arid  Space  Administration 
Lar>gley  Research  Center.  Langley  Station.  Va 

TRANSONIC  FREE  fUHNT  MODEL  TESTING  AT  LARGE 
SCALE 

Oarence  L Giilis  M AOARO  Fac:lities  and  Tech  for  Aerodyn 
Testir>g  at  Transonic  Speeds  and  High  Reynolds  Number  Aug 
1971  9p  refs  {See  N72  11864  03  01) 

(NASA  TM  X 67416)  Avail  NTIS  HC  $600/MF  S09S 
CSCL  200 

The  use  of  free  fi;ghi  models  for  transonic  testing  at  high 
Reynolds  numbcis  <s  discussed  Several  specific  examples  of 
experimental  investigations  aro  briefly  reviewed  to  illustrate  the 
scope  of  research  that  can  be  conducted  hy  otiiumg  the 
advantages  of  free  flight  models  These  advantages  are  primarily 
the  lack  of  mterfererKe  or  constraints  imposed  by  test  facilities 
and  model  support  systems  and  >he  dynamic  freedom  possessed 
by  free  (light  models  High  Reynolds  numbers  ere  obtained  by 
usmg  large  models  fiown  at  relatively  low  altitudes  it  is  shown 
that  models  10  meters  or  more  m length  will  he  required  for 
research  at  Reynolds  numbers  Sufficiently  high  to  provide 
representative  simulation  of  flow  conditions  for  large  modern 
aircraft  Several  methods  for  launching  models  of  tms  sue  are 
discussed  These  methods  include  free  drops  from  airplanes  or 
balloons  and  ground  launches  wth  the  use  of  interne!  or  external 
rocket  motors  All  the  launching  methods  discussed  have  been 
successluMy  demonstrated  on  flight  vehicles  of  the  si^e  and 
weight  required  to  attain  the  necessary  test  conditions  Author 


N72- 11879*#  National  Aeronautics  and  Space  Administration 

Amts  Research  Center  MoHett  F»eici,  Calif 

ON  THE  USE  OF  FREON  12  FOR  fNCREASING  BEYNOLOS 

NUMGER  IN  WIND  TUNNEL  TESTING  OF  THREE 

dimensional  aircraft  MODELS  AT  SU6CRITICAL 

AND  SUPERCRITICAL  MACH  NUMBERS 

Stuarl  L Treon.  William  R Hofstetter.  and  Frank  T Abbott  In 

AGARO  Facilities  and  Tech  for  Aerodyn  Testing  at  Transonic 

Speeds  and  High  Reynolds  Number  Aug  1971  6 p refs  (See 

N72-M854  03-01) 

(NASA-TM  X 67ai  7)  Avail  NTlS  HC  $600  MF  S095 
CSCL  146 

The  aerodyn«mic  suitability  of  Fr©oi'  1 2 for  general 
wind-tunnel  testing  was  investigated  at  low  and  high  subsonic 
speeds  Static  aerodynamic  characteristics  of  two  transport 
airplane  modefs  were  determined  from  strain  gage  oalance 
measurements  m both  air  and  Freon  12  at  several  Reynolds 
numbers  A low-speed  high-hft  configuration  was  evaluated  at 
Mach  number  0 25.  and  a high-speed  cruise  wmg  fuselage 
combination  was  tested  at  Mach  numbers  up  to  0 825  The  data 
obtained  m air  and  in  Freon- 12  agree  well,  even  m stalled  flow 
until  compressibility  effects  evidently  become  significant  m air 
and  in  Freon- 12  agree  well  even  m stalled  flow,  until 
compressibility  effects  evidently  become  significant  m air 

Author 


N72-11880*#  National  Aeronautics  and  Space  Administration 
Langley  Research  Center  Langley  Station.  Va 
A FACILITY  CONCEPT  FOR  HIGH  REYNOLDS  NUMBER 
TESTING  AT  TRANSONIC  SPEEDS 

Donald  0 Basts  and  George  M Stokes  In  AGARO  Facilities 
and  Tech  for  Aerodyn  Testing  at  Transonic  Speeds  and  High 
Reynolds  Number  Aug  1971  12  p rofs  (See  N72-118S4 

03  on 

(NASA-TM-X-67418)  Avail  NT|$  HC  $6  00  MF  $0  95 
CSCL  148 

cniica*  need  fc;  high  Rcvnolis  number  experimental 
capability  at  transonic  speeds  has  been  I rgadly  recognised, 
because  there  have  been  demonairaied  significant  transonic 
scale  effects  on  wmg  shoot  position  with  related  effects  on 
drag-rise  Mach  number,  buffet  boundary,  and  pitching  momem 


characteristics  Of  the  venous  ground-based  transonic  facilities 
corvsiJered  for  provision  of  high  Reynolds  number  capebitiiy.  the 
corwentional  wind  tunnel  operrited  m a semicontmuous  mode 
end  uttiuing  an  energy  storage  system  is  considered  to  have  the 
greatest  potential  A hydropij'nped-storage  system  is  proposed  to 
provide  hydraulic  energy  on  an  intermittent  schedule  at  the  rate 
of  500000  horsepower  (o  propel  hydraulic  turbines  directly 
coupleu  to  the  wmd-tunnal  fans  Author 


N7211B81#  ARO.  Inc  . Arnold  A.r  Force  Station.  Tenn  Von 
Karmari  Gas  Dynan'tics  Facility 

HIGH  REYNOLDS  NUMBER  TRANSONIC  WIND  TUNNELS 
BLOWDOWN  OR  LUOWIEG  TUBE? 

Jack  D Whitfield.  C J Schueler.  and  Rogers  F Starr  In 
AGARD  facilities  and  Tech  for  Aerodyn  Testing  at  Transonic 
Speeds  and  High  Reynolds  Number  Aug  1971  17  p refs 

(See  N72  I 1854  03  011 
(Contract  F40600  7 1 C 0002) 

Avail  NTIS  HC  S6(X)/ MF  $0  95 

The  results  are  givers  of  a detailed  comparison  between  a 
conventional  blowdown  transonic  wind  tunnel  and  a Ludwieg 
tube  driven  transonic  wmd  tunnel  both  designed  to  cover  the 
same  Mach-Reynolds  number  regrn^e  It  is  concluded  that  the 
Ludwieg  tube  driven  tunnel  will  provide  superior  How  jt  a 
Significantly  lower  cost  The  data  pioduchori  capabilities  of  a 
Ludwieg  tube  driven  tunnel  with  appropriate  des>gri  features, 
were  Surprisingly  high  The  production  capability  of  the  Ludwieg 
tube  exceeds  the  conventional  blowdown  tunnel  at  very  high 
Reynolds  numbers  and  compares  favorably  with  existing  transonic 
lunnels  at  intermediate  Reynolds  numbers  Experimental  results 
from  a small  Ludwieg  tube  driven  irarisonic  research  tunr>ei  are 
presented  and  discussed  The  research  tunnel  is  equipped  with 
variable  porosity  test  section  walls  and  an  independently  controlled 
plenum  exhaust  Both  static  and  dynamic  pressure  measurements 
are  presented  m preliminary  form  Author 


N72-1 1882*0  National  Aeronautics  ar>d  Space  Adminisiraiion 
Marshall  Space  Flight  Center  Huntsville  Ala 
MSFC  HIGH  REYNOLDS  NUMBER  TUBE  TUNNEL 
A Richard  Fefix  in  AGARO  Facilities  arid  Tech  for  Aerodyn 
Testing  at  Transonic  Speeds  and  High  Reynolds  Number  Aug 
1971  10  p refs  (See  N72  1 1854  03  01? 

(NASA  TM  X-67419'/  \vai>  NTlS  HC  $600'MF  $0  95 
CSCL  14B 

A high  Reynolds  number  lube  tunnel  is  described  ond 
illustrated  bf  drawings  and  photographs  Its  mode  of  operation 
and  perfor  nance  characiensMcs  are  also  described  Th's 
(mpulse-lycs  tunnel  has  a lest  section  diameter  of  32  inches  ano 
a Mach  njmber  range  from  0 2 to  2 0 The  transonic  test 
section  IS  equipped  with  a variable  porosity  perforated  wall  A 
mcxmiuMi  unit  ReynuiJx  nurnber  of  200  iT.i!!.0r>  pe'  'oot 
produced  at  a Mach  number  of  1 3 and  the  maximum  lunna! 
charge  p essure  of  700  psiq  The  useful  tesi  time  is  150 
millisecof  ds  or  more  at  all  operating  conditions  Some  typical 
test  sect  on  calibration  results  are  included  Author 


N72-11883*  Royal  Aiicraft  Establishment.  Famborough 
(£r>glar  d) 

SOME  FACTORS  RELEVANT  TO  THE  SIMULATION  OF 
FULL  SCALE  FLOWS  IN  MODEL  TESTS  AND  TO  THE 
SPECIFICATION  OF  NEW  HIGH  REYNOLDS  NUMBER 
TRAfISONIC  TUNNELS 

J Y G Evans  and  C R Taylor  In  AGARO  Facilities  and  Tech 
lor  /xerodyn  Testing  at  Transon.r  Speeds  and  High  Reynolds 
Nun>ber  Hug  1971  13  p refs  (See  N72  1 1 854  03  0 1 ) 

Ave.l  NTIS  HCS6  00  MFS0  95 

Limtiations  and  difficulties  of  achieving  representative  flow 
sin.ulation  m model  tests  are  considered  Particular  attention  is 

gne»'  in  obta*rx.f*g  rj^ciiQn  Hata  for  sweol  vvmQAfl  airrrah  at  high 

Ilf  coe*ficients.  when  the  flow  over  the  wmg  is  locally  transonic 
arid  sensitive  to  scale  Examination  of  the  limitations  due  to 
n.odel  strength  suggests  that  the  rriaximum  tunnel  static  pressure 
l-jr  tests  at  high  hft  conditions  IS  aboul  5atm  anq  consequently 
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th«t  full  Reynoldt  numbO'  could  only  b«  obtiir^od  in  very 

largo  tunnoU  Author 


N72-118S4#  Advisory  Group  for  Aerospace  Research  and 
.'evelopment.  Pans  (France) 

AGARO  STUDY  OP  HIGH  REYNOLDS  NUMBER  WIND 
TUNNEL  REQUIREMENTS  FOR  TMF  NORTH  ATLANTIC 
TREATY  ORGANIZATION  NATIONS 

Robert  0 OieU  In  AGARO  Fflciliiies  and  Tech  lor  Aerodyo 
Testing  at  Transonic  Speeds  and  High  Reynolds  Number  Aug- 
1971  9 p (See  N72-1  ‘P54  03  01) 

Avail  NTI5  HCS600/MFS095 

Performance  and  onersling  characteristics  required  in  tVYO 
new.  high  Reynolds  number  wirwl  tunnels  are  defined,  and 
conceptual  tunnel  designs  which  meet  these  requirements  are 
given  One  tunnel  of  tfco  Ludwieg  tube  type  should  duplicate 
transonic  flight  Reynolds  numbers  and  have  a run  tinne  of  about 
one  second-  The  second,  a blowdown  type  wind  tunnel  should 
provide  Reynolds  numbers  *hat  are  three  or  (our  times  the 
maxiinum  presently  available  ai>d  have  a run  time  of  about  ten 
seconds  Author 


N72-11886#  Atr  Force  Special  Weapons  Center.  Holloman 
AFB.  N Me* 

HIGH  REYNOLDS  NUMBER  TESTING  BY  MEANS  OF 
ROCTET  SLZOS 

Hans  J Rasmussen  in  AGARO  Fad. iies  and  Tech  for 

Aarodyn  Testing  at  Transonic  Speeds  and  High  Reynolds 
Number  Aug  1971  8p  refs  (See  N72-1 1854  03-01) 

Avail  NTIS  HCS6  00/MFS0  9S 

Mott  aerodynamic  ground  testing  is  conducted  m facilities 
which  move  air  under  controlled  conditions  over  ground -fixed 
test  mode's  Th<s  paper  invites  attention  to  the  opposite 
approach  Aerodynamic  ground  testing  by  moving  test  specimen 
through  ambient  air  along  a rigorously  defined  straight  line  path 
by  means  of  rocket  sleds  iS  reported  Some  basic  technical 
facets  of  rocket  sled  tesiir>g  are  reviewed  and  characteristics  as 
well  as  Current  capabilities  of  this  technique  are  discussed  with 
emphasis  on  aerodynamic  and  structural  design  of  (ho  test 
vehicles.  or>  typical  test  traiectones.  and  on  electronic  and 
photo-optical  data  acquisition  Similitude  considerations 
governing  aerodynamic  testing  by  this  technique  are  discussed 
arxf  typical  examples  of  past,  current,  and  planned  test  activities 
in  this  area  are  reviewed  Concluding,  merits  and  limitations  of 
(hif  technique  as  compared  to  othei  ground  test  approaches  and 
to  fight  tests  are  outlined  Author 

N72-11886|lf  Dornier-Werke  GmbH.  Fnednehshafen  (West 
Gein'idny) 

WIND  TUNNEL  INVESTIGATION  OF  BUFFET  LOADS  ON 
FOUR  AIRPLANE  MODELS 

R Vanino  and  E Wedemeyer  In  AGARO  Facilities  and  Tech  for 
Aprodyn  Testing  at  Transonic  Speeds  and  High  Reynolds 
Number  Aug  1971  15  p refs  (See  N72- 1 1854  03-01 ) 

Avail  NTIS  HCS600/MF  $095 

Buffet  loads  and  buffet  boundaries  have  been  investigated 
in  a transonic  wir>d  tunnel  by  measurements  of  bending 
moments  at  the  wing  roots  for  high  subsonic  Mach  numbers 
These  tests  were  earned  out  for  four  airplane  models  having 
Wings  of  different  thicknesses  and  aspect  ratios  and  also 
different  angles  of  sweep  Simultaneous  observation  of  Oil  flow 
patterns  provided  the  means  to  study  the  relation  between  flow 
separation  and  b«‘*^eting  The  test  Reynolds  numbers  ranged 
from  Re  = 1 mifiion  to  2 million  Securing  turbulent  boundary 

layer  at  the  shock  position  by  means  of  artif.ciai  transition,  no 
effect  of  Reynolds  .number  of  buffet  boundaries  was  observed 
For  the  models  tested  it  was  found  that  low  sweep  and  tow 
aspect  ratio  yield  favorable  buffet  boundaries  Author 


N72  11887/V  Royal  Aircraft  Estab'ishment.  Farnborough 
(England) 

A SCHEME  FOR  A QUIET  TRANSONIC  FLOW  SUITABLE 


FOR  MODEL  TESTING  AT  HIGH  REYNOLDS  NUMBER 

J Y 0 Evans  In  AG>^RD  Facilities  and  Tech  for  Aerodyo 
Testing  at  Transonic  Speeds  jnd  High  Reynolds  Number  Aug 
1971  Sp  refs  (See  N72-1  1854  03-01) 

Avail  NTIS  HCS6  00/MFS0  95 

A wind  tunnel  Suitable  for  future  research  and  development 
towards  belter  transoi  x aircraft  should  be  able  to  achieve  a 
Reynolds  number,  hasc^f  on  the  mean  chord  of  a typical 
swept-wmged  aircrah.  of  at  least  40  million  Practical  limits  to 
nnodoi  strength  and  stiffnesa  dictate  stagnation  pressures  below 
7 atmosp!  ares  and  consequently  the  test  section  must  be  at 
ieai*  S m tn  width  For  this  duty,  a new  type  of  faci'ity  i$ 
proposed  which  combines  the  good  driving  effxiency  of  the 
continuous  tunnel  wMh  the  stored-energy  advantage  of  intermittent 
running  Of  particular  importance,  the  lunnei  would  be  relatively 
quiet  to  operate  and  should  provide  an  extremely  clean  and 
steady  flow  Author 


N72-12978I  Advisory  Group  for  Aarospaco  PtaOitch  and 
Davofopmont.  Paha  (France) 

AERODYNAMIC  TESTING  AT  HfOH  REYNOLDS  NUMBERS 
AND  TRANSONIC  SPEEDS 

O Kuechemann  (Roy  Aircraft  Esi^b  . Farnborough.  Engl ) Nov. 
1971  9 p raft  Prasantad  at  NATO  Defence  Res  Group 

Semir\er  on  Gen  ProbI  Relating  to  Aerodyn  Testing  Facilities. 
St  Louii.  Frarvea.  4-7  May  1971 
(AGARO-R  SB8  71)  Avail  NTIS 

Aa  a contribution  to  a NATO  seminar  on  aarodynamir' 
terting  facilities  held  at  the  ISL  from  4 to  7 May  1971,  a bri*f 
report  la  given  on  the  outcome  of  a specialiats'  meeting 
orgenixed  by  the  8uid  dynamics  panel  of  AGARD  and  held  at 
Goftingen  from  26  to  28  April  1971.  Various  AGARD  activitias. 
leading  up  to  this  meetirvg.  sre  also  briefly  dov'rtbad  The  best 
technicel  sdvice  availsbis  within  AGARD  Isadt  to  the  conclusion 
that  one  or  several  large  r^ew  wind  tunnels  would  contribute 
immensely  to  the  effectiveness  of  e large  number  of  aerospece 
syitems  now  planned  or  contemplated  within  the  NATO  nations 

Author 


N72'22001|  AdviK>*Y  Group  for  Aeroepace  Reaoerch  end 
Oevelopmefit.  Paris  (Franca). 

SOME  RECENT  DEVELOPMENTS  IN  PIANAX  INVIRCIO 
TRANSONIC  AIRFOIL  THEORY 

H Yoehihara  (Gen.  Dyn/Convair.  San  Diego.  Ca)*f.)  Feb  1972 
36  p refs 

<AGARO-AG-166;  AGARO,  graph-ISB)  Avail  NTIS 

Some  recent  efforts  to  calculete  plener  inv-isckj  supercritical 
Row  over  airfoils  are  reviewed  grvirtg  typical  reeutta  achieved. 
The  hodograph  procedures  of  Ntauwland  and  Soeretoel.  end 
Garabedien  ar>d  Kom  are  first  reviewed  which  yioW  shocUeee 
profiles.  'Hie  unstsedy  fimte  dtffsrence  procedure  of  Mennue  end 
Yoahihere  is  then  deecirbed  and  iu  use  then  illustrsted  by 
teversi  lifting  examples  with  shocks.  This  is  then  followed  by  e 
descnption  of  two  steady  procaduras  The  first  is  that  of  Murman 
artd  Cola,  who  used  a Ima  ralaxatron  procudura  to  sotva  a 
boundary  value  problem  composed  of  the  transonic  perturbation 
equaliona  with  planar  boundary  conditons.  The  second  it  the 
procedure  of  Sieger  and  Lomax  w.ho  used  the  exact  aquationa, 
end  quasi  plener  boundary  condiuons.  and  the  finite  differerKa 
relaxaiion  procedure  of  Murman  end  Cole.  The  review  m 
concluded  by  making  a brief  aaaesamem  of  the  varioua  methoda. 

Author 


N73-14000#  Advrso-v  Group  for  Aerospace  Research  and 
Development.  Parts  (Ffi  ce) 

UNSTEADY  AERODYNAMICS  OF  HELICOPTER  ROTORS 

Oci  1972  GO  p refs  Partly  m ENGLISH,  partly  m FRENCH 
Presentee  at  34th  aQARd  Struct  and  Mater  Panel  Meeting. 
Lynbgy  Oenniark.  1 ) Apt  1972 
(AGARO  R 595)  Avail  NTIS  MC  $4  50 

Ths  proceedings  of  a conference  on  the  unsteady  aerodyna- 
mics of  helicopte-’  roiors  are  presented  Methods  for  improving 
the  anaiyii-ai  prediction  rr»ethods  for  assessing  loads  loads,  both 
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tiaiic  ind  dyrimic.  •xrttd  on  fOlO'  blidot  ar«  discussad  Ta«l 
data  to  avaluata  the  eHaclivanasi  of  current  analytical  design 
procedures  are  corralaisd  with  analytical  msthods  Modilicanont 
of  design  procaduras  lor  design  of  future  aircraft  are  eaamined 
For  iiNiividual  titles,  sea  N73  14001  through  N73-14003 

N73-14001  Teias  A8iM  Univ . College  Station  Oept  of 
Aerospace  Engineering  Oept 

UNSTEADY  AERODYNAMICS  OF  HELICOPTER  ROTORS 
W P .’ones  In  AGARD  Unstisadv  Aerodyn  oi  Helicopter  Rotors 
Oct  1972  23  p refs  (For  eveilabthtY  see  N73-14000  OS-OU 

(Grant  DA  AR0(0)-3 1 - 1 24-7 1 -G 153) 

Developments  m the  field  of  research  on  unsteady  aerodyna- 
mics of  helicopter  roiors  a*e  presnnted  Advances  in  such  problem 
areas  as  stall  flutter  of  a retreating  rotor  blade,  flutter  of  the 
advancing  blade  transient  effects  due  to  the  mieracnon  of  the 
tip-vonex  of  one  blade  with  a following  blade  and  wake  induced 
instabilit»es  m hovenng  and  low  speed  flight  are  discussed 
Attention  IS  also  drawn  to  aspects  requiring  additional  research 
ar>d.  where  possible,  suggestions  are  made  for  new  studies  which 
could  lead  to  further  advancement  of  knowledge  and  understanding 
of  the  unsteady  problems  of  helicopter  rotor  blades  Author 

N73-140O2  Army  Air  Mobility  Research  and  Development  Lab. 
Moffett  Field.  Calif 

DYNAMIC  STALL  OF  AIRFOILS  AND  HELICOPTCR  ROTORS 
W J McCroskey  In  AGARO  Unsteady  Aerodyn  of  Helicopter 
Rotors  Oct  1972  7 p refs  (For  availability  see  N73- 14000 

05  OM 

Modal  helicopter  rotor  tests  to  determine  the  character(A«ics 
of  retreating  blade  stall  are  described  It  <s  shown  that  the 
phenoitienun  may  be  liiodeied  by  the  Oy^^mic  stall  on  an 
oscillating  wing  The  dynamic  ove  shoot  of  the  static  stall 
conditions  to  Show  the  shedding  of  a vorie*  like  disturbance 
from  the  laading  edga  is  discussed  Application  of  classical  static 
airfoil  section  data  for  predicting  aerodynamic  loads  is  eipiamed 

Author 

N73-14003  OHice  National  d Etudes  et  de  Rechorches  Aerospa 
dales.  Fans  (Franco) 

COMPUTATION  OF  UNSTEADY  AERODYNAMIC  FORCES 
ON  HELICOPTER  ROTOR  BLADES 

Jean-Joai  Costes  /n  AGARO  Unsteady  Aerodyn  o' rha  Helicopter 
Rotors  Oct  1972  16  p refs  In  FRENCH  ENGLISH  summary 

(For  eviilabilily  see  N73  14000  05  01) 

Numerical  methods  for  determining  the  unsteady  aerodynamic 
forces  on  helicopter  rotor  blades  are  presenled  The  calculation 
of  the  velocity  poteniia!  induced  by  a lifting  surface  element 
when  Its  posifmn.  orientation,  and  lift  are  known  is  developed 
as  a function  of  time  The  coiiocat'on  method  makes  't  possible 
to  express  the  lift  distribution  as  a function  of  the  velocity 
component  normal  to  the  blades  on  a network  of  collocation 
d'St'lb'Jted  0''  the  fOlO'  d'SC  a comn0ri5nn  ^Piw««n  theory 
and  eipariment  m the  case  o(  foiward  (light  is  provided 

Author 


N73'229484  Advisory  Group  (or  Aerospace  Reteerch  tnd 
Development.  Pans  (France)  Fluid  Dynamics  Panel 
HELICOPTER  AERODYNAMICS  AND  DYNAMICS 
Mar  1973  376  p rels  Lectures  presented  ai  Rhode-Sl  Ganeis 
Belgium,  2-6  Apr  1973  sponsored  in  part  by  von  Kirman  Inst 
(AGA9D-LS  631  Avail  NTIS  HC  $2 1 00 

The  role  of  aerodynamics  and  dynamics  m helicopter 
devtiopmant  from  the  fundamental  methods  and  principles  through 
conceptuel  design  to  fight  test  and  proof  of  concept  >s  discussed 
The  subiecis  pieMnted  include  the  following  III  applicationt  of 
aerodynamict  and  dynamics  to  lolary  wing  aircraft  12)  bas.c 
•s'Odynamics  and  performance  of  the  halicopler.  (31  basic 
dynamics  of  lOtary  wings.  (41  teroe(sslicity  of  rotary  wmg  aircraft 
(6)  helKopler  noise  analysis  (6)  rotary  wing  modal  tasting  in 
wmd  tunnels  (61  selection  of  conligurstion  and  prototype  design, 
and  (71  fight  testing  for  performance  smt  flying  giislines  For 
individusi  Idles,  see  N73-22949  ifirough  N73-22959 

N73-22B4B  Army  Air  Mobtldy  Reseerch  and  Devefopmeni  Leb 
Moffatt  Field  Calif 


THE  R01£  OF  AERODYNAMIC*  AND  DYNAMICS  IN 
MILITARY  AND  CIVILIAN  APPUCATIONS  OF  ROTARY 
VtfINO  AIRCRAFT 

Paul  F.  Yaggv  M AGARO  Halicoptai  Aarodyn  and  O-n  Mar. 
1973  14  p (For  avaHabliilv  sae  N73-22948  14-011 

Tha  vinous  aarodynamic  and  dynamic  faciors  whid  influettca 
lha  design  ol  heftcoptars  ate  diacusaad  The  aubtects  presented 
ete  111  performance  leguirements:  (2)  dynamics,  stabs  tv.  and 
control;  13)  aiitoads.  aeioelaaticdY.  and  macftanical  inaiabHiMs; 
and  (4)  prool  of  technology  Parformstica  charts  for  lypicsl 
halicoptsr  configuraiiont  era  included  Author 

N73-22960  Boeing  Co . Philadelphia  Pa  Vartol  Oiv 

• A9IC  AERODYNAMIC*  AND  PERFORMANCE  OF  THE 

HEUCOPTER 

W.  Z Stapniewski  In  AGARD  Halicoptar  Aarodyn.  and  Dyn. 
Mar  1.373  B2  p refs  (For  availabildy  sea  N73  22949  14-01) 
The  tundamentals  o'  rotary  v/ing  aetodyiumica  artd  their 
appitcation  to  parfoimanca  conaidaritioni  of  helicopters  are 
diacuaaad  The  subiacta  prasantad  are  II)  momentum  ihoorv; 
(2)  bltda  tlsmant  thsoiy.  (3)  lundamenitls  of  vortax  thaory.  '4) 
applicaiions  of  theory  to  design  of  . >tsry  wing  aircralt  and 
performance  optimiiaiion.  and  (5)  axampfa  of  halicoptar 
performance  piediction  based  on  currant  induttnti  praclica 

Author 

N73-22961  Masaaischmitt-Boalltow-Blohm  G m b H..  Ottobrunn 
(West  Garmtny). 

■A*IC  DYNAMICS  OF  ROTORS:  CONTROL  AND  STABIUTY 
OF  ROTARY  WING  AIRCRAFT;  AERODYNAMICS  AND 
DYNAMICS  OF  ADVANCED  ROTARY-WING  CONFIGURA- 
TIONS 

G Hatched  M AGARO  Halicoptar  Aarodyn  and  Dyn.  Mar. 
1*73  50  p refs  (For  availtbildy  see  N73  2294B  14  Oil 

Rotary  wing  configurttions  such  as  tsettring.  sriiculatsd. 
eieslomotic-bsaring.  rotor  nub.  and  hingaleta  systems  are 
Oiscussad  The  basic  dynamics  of  rotary  wingt  ara  pretantad  10 
show  the  elementary  forces  on  a bfsde  slamsni.  moiion  ol 
rotary  wing  Madas.  and  tha  mflusnea  of  inplane  aliffnasa.  alaatic 
coupling  alfacu.  Tha  machanica  ol  halicoptar  fight  are  analyied 
to  damoniirata  the  pnnciplaa  of  helicopter  control,  atatic  and 
dynamic  atabiliTy.  and  manauvar  capability  Tha  aarodynamica 
and  dynamica  of  advancad  rotary  wing  conftguraiiona  are 
examined  Author 

N73-229S2  Office  Natnnal  d Eludes  el  de  Recherchea 
Aaroapatialss.  Pans  (France) 

AEROELA8TICITY  OF  ROTARY  WING  AIRCRAFT 
Rolltnd  Oat  In  AGARD  HeI.eoptsr  Aarodyn  and  Dyn  Mar. 
1*73  33  p refs  (For  availability  see  N73  22946  14-Otl 

The  effects  ol  ssroelsslicity  on  tha  t>erformance  ol  rotary 
wmg  aircrah  are  diacuaaed  Flutter  insiebifdy  is  illustrated  fay 
the  case  ol  an  tiifoil  and  the  theoretical  tools  used  to  investigaia 
the  flutter  of  • lleiiblo  tying  art  presented  Procedures  for 
predicting  ihs  aeiodynsmic  forcaa  on  the  bltdes  ol  rotary  wingt 
are  devtiopad  A formulation  ol  the  probitm  ol  forced  vibration 
m forward  fight  la  given  Mathenttical  modala  are  includad  to 
fupporl  tha  theoratical  contideraiiona.  Author 

N73-229S3  Loughborough  Univ  ol  Tachnology  (England) 

HEUCOPTER  NOISE:  ANALYSIS  - PREDICTION  AND 

METHODS  OF  REDUCTION 

Martin  V Lowson  In  AGARD  Halicoptai  Aaiodyn  and  Dyn 
Mar  1973  37  p rtfs  (For  availability  saa  N73-22946  14-01) 

The  fundamentals  of  helicopter  rto<sa  rediatipn  phenomena 
are  presanied.  to  include  c review  ol  the  fectures  of  subjective 
leeponte  Emphasis  is  piscad  on  tha  basic  machsnisms  of  lotor 
noisa  ganaiaiion.  both  for  disciatt  fraguancy  and  broad  barxl 
noiaa  componanis  The  implictlions  foi  hclicopler  noiac  control 
ara  diacusaad  A raviaw  of  posaibla  piopagation  affacts  and  tha 
potantial  costa  ol  helKoptar  noisa  laduction  ara  includad 

Author 

N73-229B4  Sociala  Naliontia  Industriells  Aarospatiala.  Mariailla 
(FrarKO)  Dnr  Halicoplares 

DRAG  PROBLEMS  ON  ROTARY  WING  AIRCRAFT 


i 

1 

I 

I 

I 

i 

I 

I 


I 

I 


I 


I 


i 


18 


01  AERODYNAMICS 


P*ul  F«b(«  In  ACARO  HaliMpMr  Ajirodyr  and  Dyn.  Mai. 
197S  12  p r«f  In  ENQUSH  and  FRENCH  (For  availabilitv 

aM  N73-22949  14-01) 

Thp  tfipcta  of  Mrodyr  amic  di.^g  on  rotary  wind  parformanca 
ara  anaiyiad  Tha  inlluanct  of  alall  arrd  compraaaibility  on  rotor 
drag  ia  axamirtad.  An  arampla  of  paraaita  drag  raduction  by 
fairing  tha  rotor  haar*.  a praaantad  Tha  natuM  of  halicoptar 
in-flight  limitationa  and  mothodt  for  improving  parformartca 
through  autogyro  configuration  and  raduction  of  rotor  rotational 
apaad  ara  autimittad  Author 

N73-229BB  Boairtg  Co . Philadalphia.  Pa.  Vartol  Orv 
A2ROOVNAMIC  AND  DYNAMIC  ROTARY  WING  MODEL 
TEBTINO  IN  WIND  TUNNELS  AND  OTHER  FACIUTIES 

Franklin  0.  Harna  In  AGARD  Halcoptar  Aarodyn  and  Oyn 
Mar.  1973  62  p rafa  (For  availabtiiry  aea  N73-22948  M Ot) 

Prooaduiaa  for  taatmg  modala  of  roury  wmg  aircraft  m wind 
turutala  ara  diacuaaad.  Tha  taat  obiactivat  involved  in  rotary  unng 
tunnal  taats  ara  daaeribad.  Tha  charactanttica  of  vanoua  teat  rig 
faciirtiaa  ara  analytad  and  compared  Mathoda  for  obtaining  and 
raduclno  wind  tunnal  data  ara  praaantad  Coal  conaidarationt 
for  modala  and  taat  lacilitiaa  ara  t.-ialytad  to  provida  baaia  lor 
daciaion  on  conatruction  and  modification  Eramplea  of  typical 
wind  tunnel  testa  conductad  with  rotary  wing  modala  ara 
ineludad.  Author 

N7e'?2966  Boeing  Co  . Philadelphia.  Pa  Vartol  On 

FACTORS  IN  THE  OESION  AND  FABRICATION  OF 
POWERED  DYNAMICALLY  SIMILAR  V/STOL  WIND 
TUNNEL  MODELS  (APPENDIX  II 

Carl  0.  Albracht  In  AGARO  Helicopter  Aarodyn  and  Oyn 
Mar.  1973  24  p rah  (For  availabilrty  tea  N73'22948  14  011 

The  factors  involved  in  tha  design  of  a wind  tunnal  for 
taating  V/STOL  aircraft  models  are  diacuased  Mach  acalad  rotor 
avftama  ara  analytad  to  show  development  and  construction  A 
review  of  Mach-Kaling  and  Frouda  scalmg  it  included  to  show 
the  raiative  advantages  of  each  method  Techniques  for  con- 
atnieting  the  models  are  iilustralad  Tha  construction  of  the  test 
sunds  and  apeeialiiad  test  equiomant  is  erplained  Author 

N73-229B7  Boeing  Co  . Philadelphia.  Pa  Vartol  Orv 

THE  EFFECTS  OF  REYNOLDS  NUMBER  ON  ROTOR  STALL 
(APPENDIX  21 

William  G S Hardy  In  AGARO  Helicopter  Aeritdyn  and  Dy.i 
Mar.  1973  8 p rah  (For  availability  see  N73  22948  14  01 1 

A theoreticsl  analysis  of  the  elfecia  of  Reynolds  number  on 
the  aerodynamic  stalling  of  rotary  wmgt  is  presented  A 
comparison  of  full  scale  Reynolot  number  and  model  scale 
Reynolda  number  for  tpecific  airfoil  configurations  is  made  The 
effects  of  aeroelattiCirr  on  rotary  wmg  performance  §•«  enelyred 
The  relationship  of  Reynolda  numoai  to  the  aerodynamic 
coafficiantt  of  rotary  wmgt  is  established  Author 


N73-22SB8  Messerschmitt-Boelkow-Blohm  GmbH  Ottobrunn 
(West  Garmanyt 

parametric  trends  and  OPTIMUATIONi  pre 

UMINARY  SELECTION  OF  CONFIOURATlON . PROTOTYPE 
OESION  AND  MANUFACTURE 

H Huber  In  AGARO  Helicopter  Aerodyn  end  Oyn  Mer 
1973  bS  p reh  (For  eveilebitrty  see  N73-22948  14-01) 

The  contribution  of  aerodynamic  and  dynamic  inputs  to  the 
deeign  ayntheale  of  roteiy  wmga  is  discussed  Aerodynemic  rotor 
deagn  la  conceninted  on  disc  loading,  tip  speed,  end  solidity 
eeleciion  Rotor  airfoil  design  it  examined  under  iha  sipecis  of 
compietarbility  and  stall  problami  Fundamental  Happing  and 
mpla.-iC  haquenciaa  are  ahown  to  be  the  two  basic  parameters 
in  dynamic  rotor  design  Methods  of  dc/alopmg  various  trend 
curves  and  ihair  intarprsiation  it  supplemaniad  by  formal  and 
itarative  optimitaiion  lechmquas  Aulhoi 


N73-Z288B  Westland  Halrcoptcra  Lid.  Vaouil  (England) 

FLIGHT  TESTING  FOR  PERFORMANCE  AND  FLYING 
OUAUTIES 


fOeran  T MeXaruie  In  AGARO  Helicopiaf  Aarodyn  and  Oyn 
Mar.  1973  15  p (For  availabilitv  see  N73-22948  14-01) 

A review  ia  presented  of  the  required  approach  to  Right 
tasting  of  rotary  wing  aimraft  in  the  maiof  treat  of  parformanca 
and  Rying  qualitres  Program  philoaophiaa,  problem  araaa. 
tachniquat  of  maaaurament.  recording,  and  analyait  ara  axamiried 
end  diacutaed  Some  aampla  meaautamanta  and  prooedutoa  are 
examined  to  illuatrate  approachet  Author 


N74-10906I  Ministry  of  Defence.  London  (England) 

TECHN'CAL  EVALUATION  REPORT  ON  FLUID  DYNAMICS 
PANEL  9PECIALIST8'  MEETING  ON  AERODYNAMIC 

DRAG 

S F J.  Biitlaf  Paris  AGARO  Sep.  1973  14  p reh  Conf 
held  at  Itmir,  Turkey.  10-13  Api  1973 
(AGARO-AR  58)  Avail:  NTIS  HCS3  00 

Tha  procaedinga  o(  a conference  on  the  development  of 
methods  for  predicting  ee  odynamic  drag  are  presented  The 
aufayeett  diecusaed  are:  111  aircraft  and  wing  drag  charactanstica. 
(2)  helicaptar  drag.  (3)  base  drag  and  seperalion.  14)  interaction 
affacta.  (5)  hypersonic  diag.  and  (7)  testing  lachn-quea  for  flight 
and  wind  tunnel  companaoni  Author 

N74-13709*t  Advisory  Group  lor  Aerospace  Research  and 
Development.  Fans  (France) 

DVNAMIC  STALL 

P Cnmi  (Avco  Corp . Wilmington.  Mass)  and  P F Yaggy.  ad 
lArmy  Air  Mobility  Res  and  Develop  Lab . Moffett  Field.  Calif  I 
Nov  1973  41  p lets  Sponsored  by  NASA 
(NASA  CR  136473.  AGARD  AG-172)  Avail  NTIS  HC  $4  25 
CSCL  01 A 

Problems  associated  with  unsteady  stall  are  summariied  and 
pest  experimenial  and  ineoreticei  siudivs.  reiatmg  prirnorily  to 
dynamic  stall  ol  heflcopior  rotor  blades,  are  reviewed  The  problems 
attendant  to  analytic  treatment  ol  dynamic  -.tall,  including 
identificat  on  ol  relevant  flow  elements  and  delm  non  of  unsteatly 
separation,  are  then  discussed  and  the  basis  Irr  a theory  which 
accounts  for  VISCOUS  e lects  and  viscous  cviscid  interactions 
analytically  is  presented  Results  of  computations  ere  compared 
with  measured  loading  on  an  airfoil  undergoing  sinusoidal  pitching 
motion  The  amounts  ol  lift  overshoot  and  then  venation  with 
frequency  m oood  eoreement  Analyses  Ol  wake  induced  stall 
and  stall  llutlBi  ol  a helicopter  rotor  blade  are  then  presented 
The  r«-ults  indicate  that  the  large  stall-telaied  torsionel  oscillations 
which  commonly  limit  helicopter  forward  speed  are  the  response 
to  rapid  changes  m aerodynamic  moment  which  accompany  stall 
and  unsiali.  rather  than  the  consequence  of  an  aeroelastic 
instability  Author 

N74  13710x  Advisory  Group  lor  Aerospace  Research  and 
Oevelopmeni  Pans  (France) 

MAGNUS  CHARACTERISTICS  OF  ARBITRARY  ROTATING 
BODIES 

I D Jacobson  IVa  Univ  I and  P F Yaggy  ed  (Army  An  Mobil'ty 
Res  and  Develop  Lab  Moffett  Field  Caul  I Nov  1973  62  p 
refs 

tAGARD  AG17  1)  Avail  NTIS  HC  $5  26 

Theoretical  and  experimental  mveshgaiions  ol  the  Magnus 
effect  on  arbnrery  bodies  ol  revolution  are  reviewed  The  mam 
emphasis  >s  on  spinning  proiectiles  at  angle  ol  attack,  both  with 
and  without  fins  Flow  visualiration  measurements  are  used  to 
assess  the  accurecy  of  the  existing  theories  Laminar,  turbulent 
and  mixed  boundary  layers  are  considered  Author 


N 74  14709/if  Advisory  Group  for  Aerospace  Research  and 
Oevaiopment.  Pant  (France) 

AERODYNAMIC  DRAG 

Ocl  1973  469  p rels  Pariiy  m ENGLISH  and  partly  m 

FRENCH  Proc  of  the  Fluid  Oyn  Panel  Specialists  Meeting 
Izmir  Turkey.  10  13  Apr  1973 
(AGARD  CP  124)  Avail  NTIS  HC  $25  50 

The  proceedinos  of  a conference  on  aerodynamic  drag  are 
presented  Current  research  and  future  prospects  in  the  field  of 
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t#rt)dyn«mic  drag  «r«  consid«r«d  Mtm  wm  p<«c«d 

on  subioctt  of  procticol  v«lu«  to  the  torospace  industry  in  rtlatioo 
to  tha  ofod  for  accurate  pradKition.  mtasuramant.  and  atlaviaiion 
of  drag  5ktma  of  tha  aubiacta  contidarad  ara  (1)  aircraft  drag. 
<2)  arirtg  drag.  13)  baaa  drag  and  aaparatK>n.  14)  mtaraction  affacta. 
15)  hyparmonic  d.rag.  ar>d  16)  tatting  tachniquat  and  corra1atk>n 
of  Might  fast  and  vwmd  tunnel  test  data  For  ir>dividua)  titles,  saa 
N74-14710  through  N74-14738 

N74-14710  Ministry  of  Oofar>ca.  London  lEngland) 

TECHNICAL  EVALUATION  REPOHT 

S F J Butler  fn  AGARO  Aerodyn  Drag  Oct  1973  lip 
IFor  availatMlitv  saa  N74- 14709  06*01) 

A primary  obiaci'va  of  research  on  aerodynamic  dren  is  the 
develop ment  and  proving  of  prediction  methods  m a form  suuabla 
for  direct  use  by  aircraft  development  teams  and  by  those  who 
have  to  assess  the  relative  merits  of  alternative  designs  Aircraft 
dreg  estimation  methods  are  needed  at  venous  levels  of 
sophistication  and  reliability  Basic  statistical  analyses  can  form 
the  basis  of  an  acceptable  forecasting  procedure  at  the  feasibility 
stage,  although  such  an  approach  is  sssantially  consarvativs  arvd 
can  lead  to  the  perpetuation  of  low  design  stdndaros.  as  well 
at  being  of  little  use  when  r>ovel  aircraft  design  concepts  are 
ur>der  consideration  Of  some  sigr^ificance  is  the  ability  to  predict 
reliably  tM  drag  of  a datum  streamlined  aircraft  with  fully-turbuleni 
Mow,  against  which  achieved  drag  levels  can  be  compared  m a 
figure-of-merrt  approach  During  the  design  development  ar\d 
refir>ement  stage,  the  research  aims  include  the  achievement  of 
dreg  design  objectrves  and  the  limitation  of  drag  growth  In  th'« 
phase,  dreg  predictions  in  practice  mu$!  be  prepared  by  e c<ocess 
of  synthesis  (rather  than  simple  summation)  with  ,,  e format 
which  can  readily  accommc  j'lte  the  changing  «;iur<  es  of  data 

Author 

N74*14711  tockheed-Georgia  Co.  Marietta 
A SURV6Y  OF  DRAG  PR€0|CTI0N  TFCHNIOUFS  APPU* 
CABLE  TO  SUBSONIC  AND  TRANSONIC  AIRCRAFT 
O68I0N 

J H Patterson.  0 G MacWilkinson  and  W T Blackerby  fn 
AGARO  Aerodyn  Drag  Oct  1973  38  p refs  (For  avsilebilitv 
sw  N74. 14709  06  Oil 

The  following  aspects  of  aircraft  drag  predictiori  «n  the  subscnic 
to  transonic  range  ere  discussed  (1)  preliminary  astimatio'i 
procedures.  (2)  estimation  using  wind  tunnel  test  data,  and  (3) 
wind  tunr>el  data  and  flight  test  data  correlation  Ineccuraciea  m 
the  approach  to  the  use  of  net  plate  skin  friction,  vith  appropriate 
shape  'actors,  to  predict  profile  drag  are  identified  Attempts  to 
use  low  Reynolds  number  wind  tunnel  drag  levels  to  nredict  full 
scale  drag  are  shown  to  be  reasonably  successful  Th^  predic 
lion  of  C-5A  aircraft  drag  cherdclenstics  from  wind  tunnel  tests 
IS  diKusaed  Author 


N74-14712  Naval  Weapons  Lab.  Dahigren  Va 

AERODYNAMIC  DRAG  AND  LIFT  OF  GENERAL  BODY 
SHAPES  AT  SUBSONIC.  TRANSONIC  AND  SUPERSONIC 
MACH  NUMBERS 

rrankie  G Moore  /n  AGARO  Aerodyn  Oreg  Oct  1973  1 1 p 
rets  (For  availability  see  N74- 14709  06-0U 

Several  theoretical  and  empirical  methods  are  combined  into 
a Single  computer  program  to  predict  drag,  lift  and  center  of 
pressure  on  bodies  of  revolution  et  subsonic,  trensonic.  and 
supersonic  Mach  numbers  and  for  angles  of  attack  to  twenty 
degrees.  The  body  geometries  can  be  quite  general  in  that  pointed, 
spherically  blunt,  o truncated  noses  are  allowed  as  well  as 
discontinuities  along  the  nose  Pedicular  emphasis  is  placed  on 
methods  which  yield  accuracies  of  ninety  percent  or  better  for 
most  configurations  but  yat  are  computotionally  last  To  handle 
the  blunt  nosed  configurations,  a new  procedure  has  bee'’- 
emptoyed  that  of  combining  modified  Newtonian  theory  witn 
perturbation  theory  Theoretical  and  experimental  results  are 
presented  for  several  projactiias  and  the  cumpensuns  rneei  the 
general  accuracy  requirements  above  The  combined  pnriurba 
non  • Newtonian  theory  gave  pressures  which  compared  better 
with  experiment  than  any  existing  epproximaie  technique  m the 
lower  supersonic  speed  regime  Author 


M74>14713  Deutsche  Forschungs*  und  Versuchsenstell  fuer 
luff*  ohd  Raumfahrt.  Brunswick  (West  Garmsny).  Inst  fuer 
Aerodynamik 

ON  SOME  BASIC  AND  NEW  ASPECTS  ABOUT  THE  DRAG 
PROBLEM  OF  WINGS  AND  BODIES  IN  SUPERSONIC 
FLOWS 

Arabir>do  Das  /n  AGARO  Aerodyn  Drag  Oct  1973  26  p 

refs  (For  availability  see  N74-14709  06-01) 

With  the  obtecitve  to  determine  optimum  shapes  of  slender 
wir>ps  and  bodies  for  minimum  total  drag  m supersonic  Mows  a 
comprehensive  theoretical  and  exparimental  analysia  of  the 
problem  has  been  earned  out  The  theoreticel  formules  for  the 
verious  drag  components  which  are  necessary  for  a vahational 
problem  of  dreg  mmimiiation  have  been  reviewed,  summerued. 
partly  modified  or  extended,  and  finally  compared  with  experimen- 
tal values  Baaed  or\  the  l.naarited  masa  Mux  concept  already 
known  tn  the  literature  a modified  bour>dary  condition  leads  to 
a certain  improvement  in  the  results  of  the  linear  theory  A 
Simplified  treatment  of  the  modified  linear  theory  is  praaented 
A unified  approach  to  the  problem  of  minimization  of  wave  drag 
due  to  volume  and  wave  drag  due  to  lift  yields  very  simple 
artrlytical  results  The  optimum  tody  shapes  show  a certain 
dependence  on  Mach  number  For  minimization  of  vortox  drag 
the  necessary  wing  twist  yields  a remarkable  improvemer)!.  which 
>*coold  also  be  verified  by  experiment  While  the  known  friction 
dreg  formulas  from  the  literature  have  been  checked  with 
experimental  va'uet.  the  problem  of  base  drag  of  axial  symmetrical 
bodies  has  not  been  completely  solved  as  yet.  theoretical  work 
on  this  topic  IS  being  continued  Author 

N74-14714  Royal  Aircraft  Establishment.  Bedford  (Er>glarxj) 
MEASUREMENTS  OF  THE  DRAG  OF  SOME  CHARACTERIS- 
TIC AIRCRAFT  EXCRESCENCES  IMMERSED  IN  TUR- 
BULENT BOUNDARY  LAVERS 

L Oeudet  and  K <3  Wmtar  fn  AGARO  Aarodyn  Drag  Oct 
1373  12  p rafs  (Fo>  availability  sae  N74- 14709  06-01) 

Measurements  are  desenbad  of  the  drag  of  various  forms 
of  excrascance  mounted  on  balances  installed  in  the  walls  of 
the  working  section  of  the  RAE  8fi  x 0tt  wmf'  tunnel  The  tests 
cover  a range  of  Mach  numbers  between  0 2 and  2 8 (but  not 
transonic)  and  a range  of  Reynolds  number  The  excrescences 
tested  includa  two-dimensional  steps  and  ndgas.  circular  cylir>ders 
and  wings  mountad  normal  to  the  surfaca.  and  holas  and  fainngs 
It  IS  shown,  for  excrescences  which  are  of  height  small  compared 
with  tiie  boundary  layor  thickness,  that  the  scale  effects  on  drag 
are  wall  correlated  m tarrns  of  the  wall  variables  of  the  turbulent 
boundary  layer,  but  that  there  <s  a dependence  of  drag  on  Mach 
number  For  steps  and  ridges  the  effect  of  chamfering  or  rounding 
the  upper  corners  was  found  to  be  beneficial  at  subsonic  soeedi 
but  far  lass  so  at  supersonic  speeds  For  circular  holes  the  drag 
depends  strongly  upon  the  depth  to  diameter  ratio  The  famiigs 
tested  were  either  half-bodies  of  revolution  with  pointed  or  rourxHd 
ends  or  of  square  or  rectangular  sectior'.  with  pointed  ends  The 
effects  of  different  amounts  of  immersion  of  the  bodies  into  the 
boundary  layer  was  found  m some  cases  by  testing  geometn- 
ceMy  Similar  bodies  of  different  sizes  Author 

N74.S471S  Messerschmitt-Boelkow-Blohm  GmbH.  Ottobrunn 
(West  Germany) 

PROBLEMS  OF  ESTIMATING  THE  DRAG  OF  A HELICOP 
TER 

S N Wagnei  In  AGARD  Aer<xJvn  Drag  Oct  1973  12  P 

refv  (For  availability  aaa  N74- 14709  06-01) 

■'he  cortiponani-..  which  contnbutd  to  the  drag  o1  a halicoptai 
aia  KJentiliei)  aa  Hi  the  drag  ol  the  mam  and  tail  lolort  (2) 
fuaalaga  drag  (3)  pylon  diag.  (41  landing  gesi  drag  (5)  fanmg 
diag.  end  (6)  drag  cauaad  by  iniedeience  belv.ean  the  halicoptai 
connponania  The  diHiculliea  ei-d  advantages  of  malhoda  lor 
defining  the  drag  ol  a halicoptai  are  analyjed  Piocaduiat  for 
lesfng  smafi  scale  models  ol  helicopters  are  discussed  The 
correlation  ol  model  data  with  flight  test  data  is  esaminad 

Author 

N74  14716  Royal  Auciafl  Establishment  Femboiough  (Eng 
land) 

aircraft  drag  PREDICTION  FOR  PROJECT  APPRAISAL 
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AND  PEHFORMANCE  ESTIMATION 

S F J Butler  In  AGARO  Aero<tyr>  Dreg  Oct  1973  50  p 
(For  eveitabititv  m«  N74  14709  06  01) 

The  phfKipel  sttgee  m eircrefi  featrbititv  ctudy  end  dMign 
development  ere  considered,  leedmg  to  the  epecrficetion  of 
deetrebie  chsrectenetice  of  eircreft  dreg  predtctron  rr^odeft  The 
co*)intHrticnt  to  drag  modeliir>g  to  be  expected  from  research 
are  reviewed,  tootrher  with  the  impact  of  computenied  design 
selection  and  mission  analysis  methods  An  assessment  of  the 
relative  importihce  of  different  components  ar>d  sources  of  drag 
introduces  surveys,  which  eiamine  the  present  state  of  the  art 
of  pradiction  for  specific  classes  of  aircraft  and  (or  particular 
aspects  of  drag  Tha  mam  probfama  involved  in  eiecuting  and 
analysing  model  and  aircraft  tests  are  also  d.scutsed  m the  drag 
conteii  The  collection,  analysis  and  dissemination  of  data  suitabla 
for  direct  use  m practical  design  methods  are  discussed  Author 

N74-14717  Engir>eerir>g  Sciences  Data  Unit.  London  lEng 
lend) 

APR6N0IX;  A DATA  ITEM  SERVICE  FOR  AIRCRAFT  DRAG 
ESTIMATION 

In  AGARO  Aerodyn  Dreg  Oct  1973  9 p r«fs  (For  aveilabitity 
see  N74  147(^  06-01) 

Avail  NTIS 

The  terms  of  reference  for  an  engineering  un.t  concerned 
with  determining  aerodynamic  drag  are  discussed  The  functions 
of  tha  organization  are  defined  (1)  to  collect  and  disseminate 
information  on  drag  prediction  for  sweptwinq  aircraft.  (2)  to 
arrange  for  the  correlation  and  analysis  of  relevant  data.  (3)  to 
formulate  a comprehensive  framework  for  the  analysis  and 
synthesis  of  aircraft  drag,  and  '41  to  encourage  the  introduction 
arvd  adopiron  of  improved  dreg  prediction  methods  Author 

N74-14718  Douglas  Aircreft  Co  . Inc  . Long  Beach.  Calif 
REMARKS  ON  METHODS  FOR  PREDICTING  VISCOUS 

DRAG 

AMO  Smith  and  Tuncer  Cebeci  In  aGARD  Aerodyn  Drag 
Oct  1973  12  p refs  (For  availability  see  N74  14709  06  OU 

While  predictions  of  tow  speed  profile  dreg  ere  accurete  for 
monoelerrent  airloils  at  low  angle  of  attack,  the  methods  are 
not  very  accurate  at  higher  angles  of  attack,  or  lor  multielement 
airfoils  or  for  fetter  bodies  of  revolution  Two  courses  that  might 
lead  to  possible  improvement  in  accuracy  have  been  investigated 
Or>e  was  an  attempt  to  perform  direct  sheer  and  pressure  stress 
calculetioos  on  an  airfoil  or  body  The  other  was  an  attempt  to 
improve  the  Squire-Young  momentum  defect  method  by  ectuelly 
solving  the  wake  for  e short  distance  The  first  method  was  not 
successful  but  the  second  method  shows  promise  flence.  it  is 
tentatively  corKluded  that  refinement  of  the  momerrtum  defect 
method  IS  the  most  promising  path  towards  improved  accuracy 

Author 


N74-14719  National  Aeronautical  Establishmeni  Ortewa 
iOnterio) 

DRAG  OF  SUPERCRITICAL  AIRFOILS  IN  TRANSONIC 
FLOW 

J J Keepriynski  In  AGARD  Aerodyn  O'ag  Oct  1973  20  p 
refs  (For  availability  see  N74-14709  06-01} 

Analytical  methods  of  evaluation  of  drag  coefficients  of 
rontemporery  supercritical  airfoils  are  discussed  Some  results 
of  eKpenrTiertal  values  of  drag  coeHicient  for  supercritical  airfoils 
are  compared  agamst  results  of  theoretical  evaluations  Some 
results  of  drag  coefficients  of  conventional  airfoils  are  included 
for  comparison  Difficulties  of  accurate  experimental  recording 
of  drag  coefficients  are  indicated  Author 

N74-14720  General  Dynamics.^ Convair.  San  Oiago.  Cahf 
Aerospace  Oiv 

TRANSONIC  DRAG  DUE  TO  LIFT  OF  PLANAR  JET  FLAPPED 
AIRFOILS 

H Yoshihara  R Magnus  and  D Zonars  (AFFOL)  In  AGARD 
Aerodyn  Drsf  Oct  1973  8 p refs  (For  availability  see 

N74  14709  06  01) 

In  contrast  to  the  low  speed  case  test  results  indicate  that 
lift  augmentation  by  ’'>e  let  flap  m the  transonic  regime  ts 


Axompenied.  not  by  • large  thrust  recovery,  but  by  e significant 
increaae  m drag  However  to  echieve  rr>oderete  to  high  hfu  the 
uie  of  tet  Rapa  rather  than  incidence  has  led  to  a aigniScent 
reduction  in  t)se  d'ag  due  to  lift.  To  celculate  the  traneonic  jet 
flap  flow  a modified  Spence  jet  flap  condition  it  pottulated  and 
incorporated  into  the  (unatea^)  finite  difference  procedure.  An 
example  it  than  calculated  and  compared  with  expenmentai 
results  Author 


N74-14721  National  Aaroapace  Lab..  Amaterdam  (Nether- 
landa) 

COMPARISON  OF  VARIOUS  METHODS  FOR  CALCULAT- 
ING PROFIU  DRAG  FROM  PRESSURE  MEASUREMENTS 
IN  THE  NEAR  WAKE  AT  8USCRITICAL  SPEEDS 
J Zwaaneveld  In  AGARO  Aerodyn  Drag  Oct  1973  12  p 

refs  (For  availability  see  N74- 14709  06-01) 

Methods  for  calculating  tha  profile  drag  from  total  and  static 
pressure  measurements  m aircraft  wake  have  been  compared 
An  enalyticBl  model  of  a compreuible  two-dimerttional  wake  la 
used  to  obtain  numertcal  result*  Both  the  oldest  method  of 
Beti  and  the  widely  used  method  of  Jor>es  ellow  the  static 
pressure  variation  across  th%  waka  to  be  teken  into  account 
These  rnethods  are  therefore  suiteble  to  treat  the  flow  in  the 
very  near  wake  The  third  method  de  >oped  by  Squire  end 
Young  IS  m principle  only  valid  when  the  atic  pressure  venation 
across  the  wake  is  negligible  To  extend  this  method  to  the 
more  general  case,  two  modifications  are  considered,  the  first 
as  proposed  by  Squire  and  Young,  the  second  as  presented  by 
the  author  The  latter  modification  makaa  use  of  the  mome.itum 
integral  equation  with  modified  pirameiers  The  numerical  results 
show  this  new  approach  to  be  m far  better  agreement  with  the 
method  of  Jones  than  the  first  mentioned  modified  version 

Author 

N74-1472Z  Office  National  d Etudes  et  de  Recherches 
Aerospatiales.  Paris  (France) 

DRAG  AND  SEPARATION 

Maurice  Sinan  In  AGARO  Aerodyn  Drag  Oct  1973  23  p 
refs  In  FRENCH.  ENGLISH  summary  (For  availabrhcy  see 
N74-14709  06  01) 

The  unsteady  ciicracter  of  some  separated  flows  and  thair 
resulting  effects  are  discussed  The  different  types  of  turbulent 
separated  flows  of  a limited  extent  and  quati-steady  character 
are  defined  Ihe  expected  effects  of  these  separated  flows  on 
the  aerodynsmic  drag  were  studied  Theoretical  methods  of 
prediction  are  explained  Erampies  in  which  eeparcted  flows 
appear  are  analyzed  Author 

N74-14723  Deutsche  Fo'^schungs-  und  Ver-  chsenstelt  foer 

Loh-  und  Hajmlehrt  Goettingen  (West  Germanyi 

NEW  INVESTIGATIONS  FOR  REDUCING  THE  BASE  DRAG 

OF  WINGS  WITH  A BLUNT  TRAILING  EDGE 

Maun  Tanner  fn  AGARO  Aerodyn  Drag  Oct  1973  9 l» 

refs  (For  sveilabihiv  see  N74  14709  06-01) 

Investigations  were  conducted  to  determine  methods  for 
reducing  the  baie  drag  of  wings  wilh  blunt  trailing  edges 
Measurernents  were  performed  on  a rectangular  wing  m a low 
speed  wind  tunnel  The  wing  was  fitted  with  broken  trailing 
edges  splitter  plates  and  bpiitier  wedges  The  tests  showed 
that  the  base  drag  could  be  substantially  reduced  by  fitting  a 
spLtter  wedge  on  the  traiimj  edge  For  the  mo  i advantageous 
splitter  wedge  the  base  drag  was  nearly  zero  In  this  case  the 
maximum  lift  to  drag  ratio  for  the  v/mg  with  a blunt  trailing 
edge  was  as  great  as  that  for  the  corresponding  wing  with  a 
conventional  sharp  trailing  edge  Author 

N74- 14724  Illinois  Umv . Urbana  Oept  of  MechanicAl  and 
Induairia)  Engineering 

A STUDY  or  FLOW  SEPARATION  IN  TMF  RASE  REGION 
AND  ITS  EFFECTS  DURING  POWERED  FLIGHT 
A L Addy.  H H Korsl.  R A White  and  B J Walke»  (Army 
Missile  Command.  Redstone  Arsenal  Ala  ) in  AGARO  Aerodyn 
Drag  Oct  1973  15  p refs  (For  availability  see  N74  i4709 
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Th«  of  th«  flow  rogiOA  on  th«  (wrform^nco 

of  aircrift  and  miatilat  durmg  powarod  flighi  it  ditcutaad  Too 
•nioracitoo  batwoan  tha  propultiva  jat  and  the  fraa  ttraam  flows 
t«  amphaaiiad  Tha  Chapman- Korst  componani  flow  nK>da<  allows 
tho  Qualitativa  and  quantitativa  ditcutston  of  iha  affacia  of  tha 
aftartoody-basa  probtann  of  alt  partinant  design  and  parforrranca 
paramatara  Tha  utafulnats  of  the  component  approach  has 
been  enhanced  by  sami  ampKicat  modifications,  improvamants 
of  individual  componenit.  and  tha  davalopmeni  of  computer 
progiama  It  is  shown  that  tha  onset  and  location  of  pluma-inducad 
saparation  of  the  external  flow  can  be  pradicted  given  a suitable 
boundary  ttyar  separation  critenon  Autiior 


H74*1472$  LTV  Aerospace  Corp . Oallat.  Tax 
PREDICTION  OF  BUFFET  ON  SET  FOB  AIRCRAFT.  RECENT 
PROGRESS  IN  WIND  TUNNEL  AND  FLIGHT  TEST  DATA 
CORRELATION 

R C McWhartar  M ACARD  Aerodyn  Drag  Oct  1973  6 p 
raft  (For  availabilitv  see  N74- 14709  06  011 

Methods  for  predicting  ar>d  determ. nmg  the  onset  of  buffet 
during  aircraft  flight  are  analyzed  The  buffet  characteristics  of 
F'4  amd  F-8  aircraft  are  reported  Diagnostic  data  on  wind  tunnel 
flow  IS  examined  to  determine  the  property  or  prooerties  which 
are  naceasarv  to  obtain  repeatable,  sensible  buffet  onset 
prediclioni  from  model  tettir\g  The  characteristics  of  wind  tunnels 
which  affect  the  results  of  buffet  investigations  are  examined 

Author 

N74-14726  Air  Force  Flight  Dynamics  Lab.  Wright -Patteraon 
AF0.  Ohio 

ASSESSMENT  OF  THE  INFLUENCE  OF  INLET  AND 
AFTSOOY  N022LE  PERFORMANCE  ON  TOTAL  AIRCRAFT 
DRAG 

Phriip  P Antonatos.  Lewis  E Surbar  Jamas  A Laughray.  and 
Donald  J Stave  'n  AGARO  Aarodyn  Drag  Oct  1973  26  p 
raft  (For  availability  see  N74-14709  06  01) 

Tha  mfluanca  of  propulsion  system  installation  on  aircraft 
drag  IS  discussed  Using  information  from  several  mvastigations. 
different  aspects  of  airframe  propulS'On  integration  are  explored 
each  of  which  affects  the  aasessmeni  of  aircraft  dreg  ^ great 
deal  of  apparently  conflicting  data  hat  bean  generated  on 
•irframe-propulsion  integration  simply  beceuso  the  mveotigatore 
concerned  with  different  sspects  of  e system  development  hove 
r>ot  properly  integrated  iheir  own  effor.':  to  assure  that  theoretical 
analysie  methods  ere  consistent  with  wmd  tunnel  teat  methods 
tha.  tha  lest  models  are  conaistent  with  each  other,  and  that 
atiaquate  corrections  for  the  effect  of  model  mounting  systems 
can  be  made  Even  rather  small  inconsirencies  m |ust  e few  of 
these  conaidereiions  may  result  m errors  of  suffioenr  magnitude 
to  affect  aircraft  design  decisions  adversely  A meior  pen  of  the 
difficulty  r>f  mailing  an  accurate  assessment  of  inlet/ eftbody  nozzle 
effect  on  aircraft  drag  is  the  prediction  of  flight  performance 
from  wMXl  tunnel  test  data  Early  system  development  should 
be  studied  carefully  to  assure  that  the  program  of  eirfreme- 
propulsion  integration  end  the  demands  on  propulsion  raleted 
dreg  eeaeesment  ere  consistent  with  d'ag  estimate  accuracy  for 
the  iirfreme  Author 


N74-14V27  Boemg  Commerical  Airplane  Co  . Renton.  Wash 
THE  PROBLEM  OF  INSTALLING  A MODERN  HIGH  SYPAB8 
ENGINE  ON  A TWIN  JET  TRANSPOR  AIRCRAFT  c02 
Welter  C Swan  and  Armand  Sigaila  i AGARO  Aarodyn 

Drag  Oct  1973  12  p IFor  availabihiy  ie  N74  14709  06-01) 
An  axamination  of  the  angina  placement  on  a modarn  lat 
fransoorl  presents  new  drag  and  stability  problems  Large  high 
bypass  ratio  engines  create  laige  annular  and  wetted  area  dreg 
and  blockage  surfaces  which  can  cause  difficult  configuration 
problems  as  wall  as  large  interle  ence  dreg  end  stabtlily  effects 
The  option  is  open  to  conventional  underwmg  end  eftbody 
mounted  insialletions  as  well  as  renewed  opportunity  for 
over-the-wing  installations  in  this  paper  the  dreg  end  stability 
conseQLences  for  each  clast  of  configuration  is  eisrrmed  for  e 
typical  intermediate  range  transport  The  results  are  eouaily  valid 
for  short  haul  arid  certain  STOL  mitsionr  In  some  ir  stsncos  it 
It  shown,  proper  pod  shape  and  position'og  may  result  i i favorable 


dreg  incramanta.  eipecislly  on  modern  swept  wmgs  with 
euparcnftcai  eirfoil  aactiont  Side  effects  such  as  pod  influancea 
on  Wing  flutter,  deep  aiali.  ar>d  general  suing  of  tha  empennage 
ere  diacusaed  Author 

N74-14728  National  Aeronautical  Establishment.  0;tawa 
(Ontario} 

THE  DRAG  RESULTING  FROM  THREE  OIMEN8IONAL 
REPARATIONS  CAUSED  BY  BOUNDARY  LAYER  DIVERT- 
ERS AND  NACELLES  IN  SUBSONIC  AND  SUPERSONIC 
FLOW 

David  J Peake  and  William  J Rambird  (Carlaion  Umv ) M 
AGARO  Aarodyn  Drag  Oct.  1973  22  p rafs  (For  availabilir/ 
aaa  N74  14709  06-01) 

Thraa-dimansionel  viscous  (low  saparsiions  and  thair  affect 
on  configuration  drag  are  examined  in  high  Reyrtolda  number 
leata  conducted  m the  NAE  5 ft  x 5-fl  blowdown  wir>d  tunnel 
in  both  subsonic  and  supersonic  flow  In  particular,  amphaua  is 
placed  on  the  geometry  of  the  system  to  divert  the  ortcoming 
boundary  layer  about  propulsion  nacelles  To  avoid  significant 
thrae-dimansional  separations,  avoid  imposing  large  advaraa 
straamwiae  pressure  gradients  upon  an  oncoming  boundary  layer, 
such  as  those  produced  near  stagnation  point  regiona  of  bluff 
diverters  or  adjacent  to  intakes  operating  below  design  mast 
How  Tha  avoidance  of  these  strong  streamwisa  pressure  gradients 
•a  seen  to  be  readily  achieved  by  increasing  ths  drvartar  slandamass 
ret'O  arvd  by  keeping  intakes  operating  at  design  conditions  by 
means  of  auxiliary  by-pass  arrangamants  Author 

N74-14729  Royal  Aircraft  Esiablishmant.  Bedford  (England) 

THE  DRAG  OF  EXTERNALLY  CARRIED  6TOREB;  ITS 
PREDICTION  AND  ALLEVIATION 

R G Pugh  and  R 0 Huitor>  /n  AGARD  Aarodyn  Drag  Oct 
1973  11  p refs  (For  availability  see  N74-14709  06-01) 

Tha  inatallad  drag  of  stores  makes  a mt/Or  contribution  to 
the  total  drag  of  combat  aircraft  It  can  be  several  times  tha 
sum  of  the  free-air  drags  of  tha  individual  stores  and  its  prediction 
and  reduction  are  essential  to  the  design  of  high-performance 
eircraft  Interference  effects  involved  range  from  simple  buoyancy 
to  complex  interactions  involving  viscoui  and  wave  dreg 
phenomena  For  the  simpler  cases  there  are  good  prospects 
that  the  installed  drag  can  be  accurately  predicted  aiihar  by 
currant  methods  O'  by  relauvaly  straightforward  extensions  of 
these  However,  empirical  methods  will  continue  to  be  needed 
for  the  prediction  of  :he  drag  of  complicated  cases  eg  multiple 
store  arrays  at  transonic  sr>ead3  Soma  axamplat  are  given  to 
show  the  opporiur.ities  for  reducing  the  installed  Jrag  either  by 
redesigns  to  take  advantage  of  improved  mechanical  ayatams  or 
through  the  development  of  radically  new  installations  Author 

N74- 14720  Deutsche  Forschungs-  ur>d  Varsuchtanstalt  fuar 
Luft  und  Raumfahrt.  Goettingen  (West  Germany) 

DRAG  IN  HYPERSONIC  RAREFIED  FLOW 

Walter  Wuest  /n  AGARD  Aarodyn  Drag  Oct  1973  12  p 

refs  (For  availability  see  N74- 14709  06-01) 

Tha  drag  force  ui  hyparionic  flow  may  be  divided  into  :oid 
preasure  drag  (incident  molaculea).  tamparaiura  dapar>ding 
pressure  drag  (diffusively  reflected  molecules)  and  friction  drag 
The  preaaure  drag  dommatee  on  blunt  bodies  which  show  a 
alighiar  drag  variation  with  rarefaction  whereas  on  slander  bodita 
friction  drag  dominates  and  the  total  drag  i$  strongly  influenced 
by  rarefaction  Relaxation  and  radiation  do  not  appreciably  aHar 
th'  praaaura  drag  but  influence  the  flow  field,  stand  off  dister>ca 
o*  shock  wave,  and  heat  tranafai  Author 

N74'14731  Centre  National  de  la  Recherche  Scientifique. 
Maudon  (France)  Lab  d Aarotharmique 

DRAG  OF  LIFTING  BODIES  FOR  PILOTS  AT  HIGH 
ALTITUDE  ITRAINEE  OE  CORPS  PORTANTS  PILOTES  A 
HAUTE  ALTITUDE) 

J Allagra.  C Matrand.  and  M F Scibiha  /n  AGARD  Aarodyn 
Drag  Oct  1973  10  p <afs  lr«  rnCNCM.  CNGllSH  Summary 

(For  avatiabiiiiy  sea  N74  14709  06-01) 

Uhing  bodies  with  60  deg  swept  delta  wmgs  fitted  out 
with  control  devices,  located  near  the  trailing  edge  nf  the  wmgs 
■re  enalyzed  The  present  experimental  study  of  tha  aerodynamic 


22 


01  AERODYNAMICS 


b«htvi04jr  of  th«  .^ing  roalizod  in  • r»r«5«d  ftow  tin^ulating  g 
fliQht  tltitud#  of  aboul  70  tun  Expanmonta  art  porformad  in  an 
opan  |at  and  continuoualy  oparating  wind  tunnal  Tha  air  flow  n 
charactanzad  by  a Mach  numbar  of  8 1 and  a fraa  auaam  Raynolda 
numbar  Of  2200  par  cm  Ratulta  ahow  how  much  aarodynamic 
davicaa  aaaociatad  wnh  tha  daita  wing,  iika  apoilara.  ramam 
afficiant  and  can  ba  uaad  m ordar  to  control  |fW  traiactorv  at 
htgh  aftituda  Drag  coaffkiant  data  ara  grvan  in  tha  ranga  of 
ineidarKta  batwaan  mmua  20  dag  and  20  dag  A companaon 
batwaan  afhcianciat  of  trailing  adga  adid  apoilara  and  tradiryg 
adga  fluid  apoilara  atiowa  to  point  out  aoma  advantagaa  of  tha 
fluid  apdlara  tn  particular,  this  |at  control  machamam  can  craata 
a auffkiant  a»da  thrust  without  antailir>g  a larga  ir>craaaa  of  tha 
drag  Author 

N74- 14732  Aaniaha.  Turin  (Italy) 

A 8CVICW  Of  SUPERSONIC  SPHf  1C  DRAG  FROM  THC 
CONTINUUM  TO  THE  FREE  MOLECULAR  FLOW  REGIME 
E Vailarani  /n  AGARD  Aarodyn  Drag  Oct  1973  IS  p rafi 
(For  avtilabtlity  aaa  N74-14709  06-01) 

Tha  avalustion  of  tha  aphara  drag  coafficiart  haa  baan  tha 
obtact  of  aaianaivo  (haoratical  mvaatigations  for  a long  tima  A 
larga  amount  of  axpanmantal  data  has  baan  collactad  to 
subatar\h4ta  Ihoaa  atudiaa  and  to  provida  tha  naadad  information 
for  tha  flow  ragimat  fo'  which  tha  ihaoratical  approachat  ara 
still  missing  Tha  acopa  of  tha  praaant  ravtaw  it  to  anampt  tha 
attabli^hmant  of  a more  completa  par>orama  of  tha  auparaonic 
sphara  drag  predictions  over  tha  antira  rang#  of  flow  ragimai 
ranging  from  tha  continuum  flow  to  tha  fraa  molacular  flow,  in 
ordar  to  provida  m a consittant  form  tha  dasign  angirwar  of  tha 
information  raouirad  for  tha  aarodynamic  datign  of  spaca 
vahiclas  THa  ihaoratical  mathods  dtvalopad  to  covar  tha  various 
flow  ragimas  such  at.  (M  continuum  low  dansity.  (2)  fraa 
n»olacuiar.  (3)  naar  fraa  mofacular.  and  (4)  inteffnadista  have 
baan  rtwawad  and  diacuasad  m th#  light  of  iha  comparraon 
with  tha  partmant  aspanmantai  data  availabla  Naw  samiampincai 
fprnnulas  for  tha  corralation  of  tha  axpanmantal  data  ara  danv«d 
for  Iha  low  danaitY  continuum  flow  and  for  tha  naar  fraa  molaci'la 
flow  rtgimat  For  tha  miarmadiata  flow  ragimaa.  ranging  batwaan 
tha  continuum  flow  and  tha  fraa  molacular  flow  tha  raaulta  of 
a aamiampirical  mathod  racantiv  davaiopad  by  tha  author  ara 
praaanitd  and  diacussad  Author 

NTA'IATSS  Ruhr  Univ  . Boclium  IWast  Garmanyl 

THE  INFLUENCE  OF  WAVE  DRAG  ON  HYPERSONIC 

ENTROPY  WAKE  OBSERVATIONS 

Wolfgang  Mankirch  ind  Aiorf  Stilp  (Ernai  Mach-lnst ) /n  AGARD 
Aarodyn  Drag  Oct  1973  6 p rafs  (For  availabtlity  aaa 

N74-14709  06-01) 

Tha  conditions  ezistmg  »r>  the  wake  of  a Wuni  hvparaonic 
body  ara  diacuaaod  Tha  two  ditfaram  flow  regimes  are  dafmad 
as  (1)  tha  VISCOUS  wake  which  ongmatas  from  tha  saparatad 
bouridary  layar  and  (2)  tha  mviacid  or  antropy  waka  formed  by 
tha  atraamlmaa  which  hava  travaraad  tha  curved  pan  of  tha 
bow  shock  Tha  flow  viaualixation  of  tha  antropy  wake  by  Khiiaran 
photography  la  daKribad  The  obaarvad  achharan  pattern  la 
analyisd  with  tha  sid  of  optical  Khiiaran  thaory  and  can  ba 
ralatad  to  tha  flight  Ma':h  numbar  and  tha  drag  coafficiant  of 
tha  body.  Author 

N74- 14734  Nava!  Air  Syatama  Command,  Washington.  D C 

OEVELORMEr^T  OF  TECHNIQUES  TO  MEASURE  IN  FLIGHT 
DNAO  OF  A US  NAVY  FIGHTER  AIRPLANE  AND  CQRRELA 
TION  OF  FUGHT  MEASURED  DRAG  WITH  WIND  TUNNEL 
DATA 

E C loonay  M AGARD  Aarodyn  Drag  Oct  1973  18  p 

(For  avarlabiiitv  aaa  N74- 14709  06  01) 

Wind  tunnal  and  flight  drag  maaauramant  lachniguta  and 
corralation  of  wind  tunnel  end  flight  drag  data  for  a U S Navy 
fightar  a*rp(ana  ara  diKussad  Wmd  tunnal  drag  data  wara  obtained 
wrth  aarodynamic.  induction  ayatam  and  powared  noula/aftarbody 
modali  A common  referanca  aftarbody  configuration  batwaan 
aarodynarnic  and  propulsion  mpdala  was  utihxad  to  astura 
compitibilily  of  thrust  and  drag  maasuramants  Flight  drag  data 
w«ra  obtairiad  from  ataadY-ttatfl.  quaai  staady  state  and  dynam.'. 


(wirsd-up/down  turn)  mar>auvara  ut-fi2ir>g  aansitiva  thraa-axia 
accalaromatart  to  daiarmir\«  aicata  thrust  and  tha  intarnal 
praaaura  nwthod  for  maaaunrtg  er>gina  thrust  CompraMOr  airflow, 
aflarbumar  praaaura  drop  and  noiila  coafficianta  uaad  lor 
computing  ar>gir>a  net  thrust  ware  obtained  from  laolatad  angirw 
laata  at  timulated  flight  conditions  throughout  tha  flight  envelopa 
Wind  tunnal  data  ware  uaad  to  account  for  propulsion  ayatam 
drag  cau^ad  by  aubcnncal  mlat  spillage  and  i>oulc  intarfararKa 
drag  Author 


^^^^6738*  National  Aaronautica  and  Spaca  Adminiatraiion. 
Flight  Raaaarch  Cantar.  Edwards.  Calif 

REVIEW  OF  DRAG  MEASUREMENTS  FROM  FUGHT  TESTS 
OF  MANNED  AIRCRAFT  WITH  COMPARISONS  TO 
WIND-TUNNEL  PREDICTIONS 

Jon  S Pyla  and  Edwin  J Saluman  /n  AGARD  Aarodyn.  Drag 
Oct.  *973  12  p rafa  (For  availability  aaa  N74-147D9  06-01) 

In-flight  atudiaa  of  tha  ovarail  arvl  local  componanta  of  drag 
of  many  types  of  aircraft  ware  conducted  The  primary  goal  of 
thaaa  atudiaa  was  to  evaluate  wmd  tunnal  and  aamtampincal 
prediction  mathods  Soma  evaluationa  are  praaantad  m this  paper 
which  may  ba  summariiad  by  the  following  obsarvationa 
Wmd-tunnal  p*adictionc  of  overall  vehicle  drag  can  ba  accurately 
aKtrapdatad  to  flight  ftaynoldi  numbers,  provided  that  the  base 
drag  It  ramovad  and  tha  boaiiail  areas  on  tha  vehicle  ara  small 
The  addition  of  ablated  roughness  to  lifting  body  configurations 
enueaa  larger  losses  m performance  and  stability  than  would  ba 
aapactad  from  the  added  friction  drag  due  to  tha  roughnaea 
Succaaaful  maasuramants  of  akm  fnction  have  been  made  m 
flight  to  Mach  numbers  above  4 A rahabla  mflatabl#  deceleration 
device  was  demonstrated  m flight  which  effectively  atabilisea 
and  decelaratea  a lifting  aircraft  at  supersonic  speeds  Author 

N74*  14736  Royal  Armament  Research  and  Devaiopmeni 
Eatabliahmem.  Fort  Haiatead  (England) 

AN  ASSESSMENT  OF  THF  ACCURACY  OF  TRANSONIC 
DRAG  MEASUREMENT  IN  A LARGE  MODERN  WIND 
TUNNEL 

K Fancftt  and  T Smith  /n  AGARD  Aerodyn  Drag  Oct 
.973  II  p refs  (For  availability  see  N74*  14709  06  0D 

The  aeroballiatic  coeflicienta  of  bodies  of  ravoiMtion  art  needed 
for  the  rriathamatical  modelling  of  their  Irajectonet  The  moai 
signil«‘'ant  coafficiant  raouired  la  zero  yaw  drag  and  the  accuracy 
required  if  about  0 5%  for  a parfacl  trateciory  model  compared 
with  about  5%  for  lift  and  overturning  moment  bh.  drag  and 
ovenurnmg  moment  wara  meavurad  over  a range  of  yaw  ar>gltf 
on  two  sting  lengths  ina24mi27m  transonic  wind  tunne« 
There  was  a marked  diffaranca  in  tha  maeiurad  drag  values  'or 
these  stir.gs  end  a further  investigation  was  made  with  rive 
stmg  ler>glhs  From  these  tests  an  empirical  correction  fp  the 
support  system  was  derived  which  agreed  well  with  a su'jaonic 
theoretical  estimate  At  speeds  above  Mech  1 0 the  irregularity 
of  the  tunnel  asiai  pressure  distribution  dominated  tho  affects 
due  to  the  support  s/iam  and  a combined  correction  wra  danved 
It  was  found  that  the  difference  m measured  values  afta.  correction 
was  vary  much  lass  than  before,  over  the  whole  Mach  number 
range  thus  supporting  the  correction  procedu  e applied  A 
sienaiical  analysts  of  tha  resiJual  coefficient  e'rors  has  been 
tummenxed  for  the  tubeonic  and  transonic  spred  regions  The 
trensonic  percentage  errors  ware  generally  less  than  tha  subsonic 
valves,  due  to  the  larger  coefficient  values  masiurad  Author 

N74- 14737  City  Univ  . London  (England)  Oapt  of  Aaronau 
tica 

STING  INTERFERENCE  EFFECTS  ON  AFTERS00IE8  AT 
TRANSONIC  SPEEDS 

0 M Sykaa  In  AGARD  Aarodyn  Drag  Oct  1973  9 p rafs 
(For  availability  sea  N74  14709  06  01) 

The  pressure  distribution  over  the  surface  of  thrsa  atusyrn- 
mairic  atiarbodias  at  zero  incidence  has  bean  measured  and 
sting  intarfaranca  affec’s  determir  'i  through  the  Mach  number 
range  from  0 7Q  to  1 15  m an  vx:tagonai.  slotted  wall  wmd 
tunnel  The  afterbodies  lasir^d  were  a simple  cylinda'  and  conical 
boat -tails  \i2  calibre  long  with  7 12  dag  angle  and  1 calibre 
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long  with  9 d«g  (ngl*.  Mch  ciriying  • raprmcniaiivt  driving 
band  Stirtg  diamatar  affactt  wara  datamnnad  uaing  4 calibra 
long  cylrndncal  ttinga  of  dumatar  1/8.  1/4.  3/8  tnd  1/2  calibra. 
and  ttingdara  intarfaranca  affacta  wara  datarminad  for  a 10  dag 
aami-angia  corta  on  a 1/4  calibra  fling  Iha  laau  abowad  that 
Iha  ratio  of  atmg  lo  baaa  diamatar  was  tha  mam  paramatar  for 
intarfaranca  affacta.  but  data  for  dumatar  affact  from  aftarbodiai 
witb  otfiar  gaomairiaa  wai  not  fully  conalatad  uamg  this 
paramatar  Succaasful  conalation  with  othar  data  has  baan 
acfnavad  for  iha  prosimny  of  conial  flarat  of  diffarant  anglas  for 
aubaonic  flow  conditiona  Author 


aarodynamic  mtarfai  'nca  procaduias  for  two  or  mora  oscillating 
surfacaa  in  ordar  lo  calcultia  mlarlanng  aarodynamic  forcas. 
lhaoratical  procaduras  wara  davalopad  which  may  ba  dividad 
into  lifting  suifaca  lhaorias  and  doubla  lattice  methco?  Matsura- 
mams  of  unsiaady  prassura  distnbuticnt  on  a vanabla  wmg  tail 
configuration,  wara  comparad  with  the  results  of  the  lifting  surfaca 
theory  Author 


N74- 14798  Laboratoira  da  Racharchas  Salistiquas  at  Aarody- 
namiguea.  Varnon  (Franca) 

MtASURCMCWT  OF  ORAO  IN  A SHOCK  T'JNNtL  (ME- 
SUNES  DE  TRAINEE  EN  TUNNEL  OE  TIRl 
Oanial  Bahuiel  aruf  Alain  Oaagardin  In  AGARO  Aarodyn  Drag 
Oct  1973  14  p rafs  In  FRENCH  (For  availability  see  N74- 1 4709 
08  01) 

Aftar  summariitng  the  principtas  of  drag  rrwasuramant  m a 
Shock  tunnel,  tha  diffarant  mat  hods  actually  usad  ara  givan  Oi 
constant.  Cx  as  a function  of  mcidartca.  and  C«  as  a furtction  of 
Mach  numbar  Tha  accuracy  of  tha  methods  is  included  A sanas 
of  Insults,  obtsirtad  m tha  L R B A shock  tunnel,  on  spharo-conic 
artd  cylindO'COnic  protactila  slip  over  a broad  range  of  Mach 
numbers  and  st  IS  dagraa  mcidsnca  angla  ara  prasantad 

Transi  by  E H W 


N74-18662*)|f  National  Aeronautics  and  Space  Administration. 
Langley  Research  Canter.  Langley  Station.  Vs 

COMMENTB  ON  NASA  LANGUY  RESEARCH  ON  TRAN- 
SONIC UNSTEADY  AERODYNAMICS 

Samcal  R Bland  Pans  AGARO  Dec  1973  14  p rafs 

Prasantad  at  36th  AGARO  Struclurat  and  Maier  Panel  Mealing. 
Milan.  4 Apr  1973 

1NASATM-X-69997  AGAROR-611)  Avail  NTIS  HCS4  00 
CSCL  01A 

Accurate  unsteady  transonic  aarudynamics  for  use  m flutlai 
calculation  ara  considered  Five  diffarant  methods  of  analysis 
era  described,  each  of  which  attampis  to  irasi  soma  of  tha 
noni-naar  aspects  of  the  transonic  flow  Where  possible,  calculaied 
rasulls  are  given  Author 

N74-18663||l  Advisory  Group  lor  Aerospace  Research  and 
Oavalcpment.  Paris  (Franca) 

ON  THE  PREDICTION  OF  AERODYNAMIC  LOADS  ON 
OSCILLATING  WINGS  IN  TRANSONIC  FLOW 
H Ti|daman  (Nall  Aerospace  Lab  . Amsterdam)  and  R J Zwsan 
(Natl  Aerospace  Lab.  Amsterdam)  Jan  1974  30  p rafs 

Presented  at  36th  AGARD  Structures  and  Mater  Panel  Masting. 
Milan  4 Apr  1973 

(AGARO'R-612)  Avail  NTlS  HC  $4  50 

Possibilities  to  develop  calculation  methods  for  oscillating 
wings  in  transonic  flow  are  discussed  Special  attention  is  given 
to  the  question  of  linearisation  Pressure  maasuremants  on  an 
aerofoil  with  flap  in  tranaonic  flow  are  analyted  Correlations 
are  made  between  steady,  quasi  steady  and  unsteady  results 
Shock  motion  and  shrvtk  strength  are  investigated  Also  linearity 
IS  discussed  A calculation  method  for  high  subsonic  flow  is 
suggested  Author 


N74-1S664#  Advisory  G^oup  for  Aer09p4C6  Research  and 
Oavalopmant.  Pana  (Franca) 

INTEflFeniNO  LIFTING  SURFACES  IN  UNSTEADY  SUB 
SONIC  FLOW  COMPARISON  BETWEEN  THEORY  ANO 
EXPERIMENT 

JuarQ«n  Btckar  (Mataar»chmiti-eoaikuw  8iohm.  Munich)  Jan 
1974  20  p raft  Pratantad  at  37lh  AGARD  Structural  and 

Matar  Panal  Mdatmg.  tha  Hague  7 12  Apr  1973 
(AGARO  R 6141  Avail  NTIS  HC$400 

Tha  ratultt  of  axperinnantal  and  analytical  research  work  on 
tha  flutrar  with  complete  aircraH  modela  ahowad  conaidarabla 
ahihmo  of  critical  flutter  spaed)  due  to  mtarlering  aerodynamic 
forcas.  particularly  whare  models  of  variable  gaom6t.>  were 
concerned  Thia  wea  the  reason  (or  iha  development  of 
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IncludM  fiud-winf  airpUn**.  halicoplan.  glktefs.  baUoona. 
omrttwplara.  ate:  and  apacifM:  typaa  of  compfata  aircraft 
(ag..  grruitd  aflact  machinaa.  STOU  and  VTOL).  IbgfM 
taau.  oparatmg  probtama  (ag  . aonic  boom),  aafaty  arwl 
Mfvty  davicaa.  aoortomrea.  and  ttabHrtv  and  control  For 
batt:  roaaarth  aaa  0)  Aarodyttamica  For  ralatad  informa- 
tion aaa  alto  31  Spaca  Vahiclaa:  and  32  Structural 
Macfianica 


N71-20061||I  Adviiory  Group  lor  Aerotpace  Rasaarch  and 
Oavalopmant.  Pens  (France) 

ASSESSMENT  OF  LIFT  AUGMENTATION  DEVICES 

Feb  1971  284  p rels  Presented  at  the  Lecture  Senes 

Rtiode-Saint-Genese,  Belgium.  20  24  Apr  1970.  Sponsored  by 

AGARO  and  vOn  Kerman  Inst 
(AGARD  LS-43  711  Avail  NTlS 

CONTENTS 

1 AERODYNAMICS  OF  MECHANICAL  HIGH  LIFT  OEVICES 
O M Me  Rae  (Hawker  Siddaley  Aviation.  Ltd  . Hatlield.  England) 
23  p refs  ISee  N7  1 20052  09  021 

2 AERODYNAMICS  0F  PNEUMATIC  HIGH  LIFT  DEVICES 
J von  der  Decken  (Tecb  HochscHule  Carplo  Whilhelmina)  36  p 
rels  (See  N7 1-20053  09  021 

3 AERODYNAMICS  OF  VARIABLE  SWEEP  Ph 
Poisson  Quinton  (OHice  Nall  d Etudes  et  da  Recherches 
Aerospaliales.  Paris  France)  19  p rels  (See  N7 1 -20054  09-02) 

4 Fundamental  aspects  of  flow  separation 
UNDER  HIGH  lift  CONDITIONS  H P Horton  (Von  Karman  Inst 
(or  Fluid  Dynamics)  19  p rols  (Sec  N7 1 20055  09-01 ) 

5 SOME  NOTES  ON  TWO  DIMENSIONAL  HIGH  LIFT 
TESTS  IN  WIND  TUNNELS  B van  den  Berg  INail  Lucht-en 
Ruimtevaanlaboraiurium)  18  p refs  (See  N7 1 -20056  09-01 1 

6 MODEL  TESTING  REQUIREMENTS  AND  TECHNIQUES 
FOR  HIGH  LIFT  SCHEMES  THREE  DIMENSIONAL  ASPECTS 
C Russell  (British  Aircraft  Coip  Warton.  England)  22  p rels 
(See  N71-20057  09  01) 

7 ANALYSIS  OF  transport  APPLICATIONS  FOR 
HIGH  LIFT  SCHEMES  L 8 Gralier  (Boeing  Co  Seattle  Wash  ) 
23  P rels  (See  N71  20058  09  02) 

8 ANALYSIS  OF  COMBAT  AIRCRAFT  APPLICATIONS  FOR 
LIFT  AUGMENTATION  DEVICES  R Taisseire  (Brepuel  Aviation) 
21  p (See  N71  20059  09-02) 

9 FLIGHT  TESTING  MILITARY  ThANSPOCT  AIRCRAFi^ 
FOR  CLEARANCE  IN  IHE  SIUL  RULE  K P Eyre  lAeropiene  anu 
Armament  Experimental  Eslablishrrrent)  24  p ref  ISee  N71-20060 
09  02) 

10  LIFT  augmentation  devices  AND  THEiR  EFFECT 
ON  THE  ENGINE  PART  1 INTERFACE  PROBLEMS  BETWEEN 
ENGINE  AND  AIRFRAME  J A Hooper  (Rolls-Royce.  Ltd  Bristol. 
Englar 18  o ISee  N71-20061  09-021 

11  LIFT  augmentation  DEVICES  AND  THEIR  EFFECT 
ON  THE  ENGINE  PART  2 THERMODYNAMIC  PROBLEMS  AND 
SOME  POSSIBLE  SOLUTIONS  E A White  and  H C Hillier 
(Rolls  Royce  Ltd  . Bristol.  England)  13  P (See  N7 1 -20092  09-02) 

12  OPTIMISING  THE  PROPULSIVE/ JFT  SYSTEM  FOR 
TURBOFAN  STOL  AIRCRAFT  CONSIDERING  COST 
EFFECTIVENESS  H T Bowling  I Lockheed-Georgia  Co  Marietta) 
14  p (See  N7 1-20063  09  28) 

13  A NEW  TECHNIQUE  FOB  AEROFOIL  LEADING  EDGE 
STUDIES  J Monneiie  (Office  Natl  d'Eludes  et  d - Recherches 
Aerospaliales.  Pans  France)  5 p ref  See  N7 1 20064  09-021 

14  SOME  COMMINIS  ON  CHAHAUkHISHCS  OF  HIGH  LIFI 
WINGS  D N Foster  (Royal  Aircraft  Establishment.  Fainborough 
England)  5 p refs  (See  R'71-20055  09-02) 

15  THE  HUNTING  H 1 2B  JET  FLAP  rLESEARCn  AIRCRAFT 


K O Harris  IHawktr  Siddeley  Aviation.  Ltd.  Hatfield.  England) 
7 p ref*  (See  N71  20066  09  02) 

16  AERODYNAMIC  RESEARCH  ON  HIGH  UFT  SYSTEMS 
F Mavnphs  (Canadair.  Ltd  ) 13  p refs  (See  N7 1-20067  09  021 


NT1-20063||I  Hawker  Siddeley  Aviation.  Ltd  . Hatfield  (England) 
Aerodynamic  Dept 

AENOOVh)AMIC8  OF  MECHANICAL  HIGH  LIFT  DEVICE* 

D M McRae  In  AGaRO  Aftassment  of  Lift  Augmentation 
Oevicea  Fab  1971  23  p raft  ISmN7i-20051  09  02) 

Avail  NTlS 

T>ia  purposa  is  to  daacribe  in  ganaral  terms  tfia  tialling 
of  conventional  airfoilt  end  the  effects  of  mechanical  high  lift 
devices  thereon  The  factors  affecting  maximum  lift  coefficient  are 
rlitcussad  in  the  context  of  estimation  methods  Dreg  is  also 
discutsad  Author 

N71-200B3DI  Techmsche  Hochschule  Csrolo  Wilhalmma. 
Sruntwick  (West  Germany)  Inst  fur  Stromungsmeef  snik 

AER00YNAM)CS  of  pneumatic  HIGH  LIFT  DEVICES 

J v>n  der  Decken  In  AGARD  Assessment  of  Uft  Augmenialion 
Oevicet  Feb  td71  36  p refs  ISee  N7 1 -2005 1 09-02) 

Avail  NTlS 

An  inirrxfuctory  survey  of  pneumatic  boundary  layar  and 
circulation  control  schemes  tor  increasing  maximum  lift  is  given 
The  physical  background  of  boundary  layer  control  by  suction  and 
blowing  and  of  supercirculaiion  and  sitpsiraam  elfecis.  is  described, 
also  the  aaiodynamc  efficiencv  of  the  different  devxies  is  estimated 
by  theoretical  app'oaches  Finally,  oracl'cal  applications  and 
performance  evaluation  of  pnaumatc  devices  era  discussed  Author 

N71-20064I  Office  Niiionil  d Eludes  et  de  Recherches 
Aerospaliales.  Pans  (France)  Dept  de*  Eludes  de  Synthes# 
AERODYNAMICS  OF  VARIABLE  SWEEP 
Ph  Poitson-Quinton  In  AGARD  Assessment  of  Lift  Augmantslion 
Devices  Feb  1971  19  p reft  (See  N7 1 -2005 1 09  02) 

Avert  NTlS 

Aerodyntmic  problems  in  the  design  of  vaiisbfe  sweep 
aircrafl  are  discussed  Selection  of  pivot  loceiion  is  reviewed  as 
wsM  as  invasiigilions  Of  high  lift  devices,  -ving  camber,  and 
longiludnal  instability  near  the  stall  on  variable  sweep  confguraiKina 
App'icelion  of  the  conligur^tion  to  reusable  soaceciall  a mentioned 

F.C 

N71-20056||l  von  Karmsn  ln$i  for  Fiuid  Oynamici.  Rhode 
Samt-Genese  ^Belgium) 

FUNDAMENTAL  ASPECTS  OF  FLOW  SFPARATtON  UNDER 
HlOH  MFT  CONDITIONS 

H P Morion  fn  AGARO  Assessment  of  Lifl  Augrns^r.iatx  n 
Devices  Feb  1971  19  o refs  (See  N71  20051  09  02' 

Avail  NTlS 

A quainative  descnpi  on  is  presented  of  sepatanon  problems 
covering  two  dirnensionai  laminar  and  turbulent  separation 
corx:«pts  separated  flow  on  single  two  diniensional  airfoils,  bourxjary 
layer  teperatior>  bubbles,  separated  flow  on  muiti-airfoii  systems 
<weke  end  boundary  layer  mixing)  ar>d  three  dimensional  separated 
flow  The  possibility  of  applying  theoret  cal  techniques  to  the 
prediction  of  the  maxirnuni  lift  and  drag  of  an  airfoil  i$  briefly 
discussed  E C 

N7120066iV  Nafona  I Lucht  Ln  Ruimtevaarilaboratonum 
Amsterdam  (Netherlands) 

$OM€  NOTEB  ON  TWO  DIMENSIONAL  HlOH  LIFT  TEST 
IN  WIND  TUNNELS 

B van  Oen  Berg  in  AGAnQ  Assesbi'ivm  u(  Lift  Auunienlaiioti 
Devices  Feb  1971  16  p refs  (See  N71-20051  09  02) 

Avail  NTlS 

Problems  associated  with  two  dimensional  high  lift  tests 
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•r«  OncutMil  in  larmt  of  |h«  i«ti  Mlup  in  th«  wind  tunnel  the 
design  of  in#  models,  end  the  methods  to  deieimme  the  forces 
on  the  model  Tunnel  well  interference  effects  ere  else  discussed 
These  include  tfie  effect  of  Iho  constremt  which  the  tunnel  wells 
impose  on  the  flow  ss  well  as  the  danger  of  boundary  layer 
sepeiations  on  the  tunnel  walls  The  necessity  of  boundary  layer 
control  at  the  model  tunnel  wall  (unctions  is  demonstrated 

Author 

N71-200S7#  British  Aircraft  Corp . Warton  (Englandl  Wirro 
Tunnel  Dept 

MODEL  TEBTINd  BEOUINEMENTS  AND  TECMNIQUEB  FOfI 
HlOH  UFT  SCHEME*:  THREE  DIMENSIONAL  ASPECTS 

C Russell  In  AQARO  Assessment  of  Uft  AugmentatK>n  Oevices 
Feb  197)  22  p refs  (Sm  N7  t-2CX}5 1 09  02) 

Avail  NTIS 

The  subject  of  three  dimensional  high  hft  model  testing 
IS  dejii  with  from  the  point  of  view  of  the  deveioom^nt  of  e 
specific  full-size  projec*  Venous  topics  and  problems  are  dealt  with 
in  approximately  the  order  m which  they  would  normally  srise 
from  initial  concept  to  data  presentation  Author 


N71-300es|  Boaing  Co  SastlU  Wsih 

ANALTSIS  Of  TRANSPORT  APPLICATIONS  fOR  HIGH 
UFT  SCHEMES 

L B Grausr  In  AGARO  Assassrnent  of  Ltfl  Augmanisiion 
Dtvicss  fsb  1971  23  p rats  (S«s  N71  200a1  09  021 
Avail  NTIS 

Tha  wav  >n  which  th«  dasign  tradaoH  process  sifecti  srrplsna 
aconomics  >s  rllustraied  tn  ralsiton  to  the  tmpeci  of  high  lift  system 
deargn  on  the  fmel  conhgutslioo  selection  An  esaessment  of 
raprasentaliva  high  lift  concapts.  including  boundary  layer  control,  is 
given  m terms  of  low  speed  peiformence  potentiel  for  long  renge 
tranapoiT  Srrpleneo  operating  Irom  long  runways.  il  is  shown  that 
wall-desigi>ad  mechanical  flap  systami  are  generally  compatitiva 
with  more  aophisticated  concepts  involving  Mowing  or  suction 
boundary  layer  control  (BLC)  However,  recent  pregreta  m high  lift 
technology  indicaias  that  significant  performance  garni  for 
long-range  eirptanea  may  be  possible  uaing  BLC  techniques  The 
gains  for  airplanat  designed  to  ops  .-ate  from  shorter  fields  appear 
attractive  end  achievebla  with  today  a tacnnology  For  STOL 
sirpitoaa  the  use  of  BLC  to  provide  high  wing  lift  logalhai  with 
direct  lift  from  the  engines,  or  e more  highly  mtegreted  form  of  lift 
augmanration  such  as  the  jei  flap,  is  mendetory  The  imeieciion 
between  high  lift  systam  design  and  problems  involving  the 
atabilitY  ersd  control  cherecteristrca  of  the  airplane  sre  considered 

Aulliui 


N71-200NOI  Aarooltna  and  Armament  Eapanmenial 
Ettablishmant.  Boacomba  Down  (Engtarsd)  Pertormence  Oiv 
PLIGHT  TtSTINQ  MIUTARY  TRANSPORT  AIRCRAFT  FOR 
CLSARANCE  IN  THE  STOL  ROU 

K P Eyre  In  AGARO  Aaaeseirreni  ol  Lift  Augmentation  Oev<et 
Feb  1971  24  p i«l  (See  N7 1 200S1  09  021 
Avail  NTlS 

The  typea  of  tesla  which  are  tiLety  to  be  required  to  dear 
an  aircraft  from  he ndlmg  and  performance  aapects  -foi  military 
STOL  ipplicationt  are  diicutaad  Testa  made  to  clear  the  Andover 
C Mk  I ere  given  at  an  example  No  toecill  consideration  it 
given  to  perticuler  high  lift  devices  each  of  which  may  of  course 
introduce  individual  problems  However.  il  is  consideied  that  m the 
ceaa  of  STOL  aircraft  genarslly  tha  problem  of  veriabilitY  m behavor 
may  require  more  than  usual  attention  due  to  the  rapid  maneuvers 
and  short  dittancei  involvad  with  contidarabla  dependence  on  pilot 
technique  Author 

N71-200B1I  Rollt'Roycs.  ltd  . Bnslol  lEnglantil  Einttol  Engine 
Oiv 

LIFT  augmentation  DEVICES  AND  THEIR  EFFECT  ON 
THE  ENGINE  PART  1:  INH  RFACE  PROBLEMS  BETWEEN 
ENGINE  AND  AIRFRAME 

J A Hooper  In  aGARD  A isestmeni  of  Lift  Augmentation 
Devices  Fab  1971  18  p (See  N7 1 200E 1 09-02) 

Avail  NTIS 

Interlace  problems  beiweet  engine  and  airframe  associated 
with  the  achievement  of  short  field  performance  ero  described  Civil 
and  military  aircaft  are  treated  with  the  main  amphasii  on  civil 
STOL  A range  of  possible  lift  augmentalion  devices  is  contioerad. 
and  iheir  effeci  on  engine  design  is  shown  The  associeiad  problems 
of  rioise  and  performance  ere  also  considered  Optimum  engine 
designs  and  ineir  paiticuiai  cnaraclentncs  for  various  tyalems  are 
described  Author 

N71-20062||i  Rolls  Royce.  Ltd  . Bristol  (England)  Biisiol  Engine 
Oiv 

LIFT  AUGMENTATION  DEVICES  AND  THEIR  EFFECT  ON 
THE  ENGINE  PART  2 THERMODYNAMIC  PROSIEMB 
AND  SOME  POSSIBLE  SOLUTIONS 

E A lArhite  and  H C Hilher  In  AGARO  Assessment  of  Lilt 
Augmentalion  Devices  Feb  1971  13  p (See  N7  1 20051  09  021 
Avail  NTIS 

The  effects  of  the  prev ; usiy  established  design  criteria 
on  the  thermodynemics  ol  the  vogmea  for  STOL  applicetiona  aie 
discussed  Several  possible  engine  solutions  with  then  associated 
advantages  and  disadvantages  are  described  Author 


N7T-200BBI)  Breguei-Aviation.  Velizy  (France)  Oiv 

Aerodynamique 

ANALYSIS  OF  COMSAT  AIACRAFT  APPUCATIONS  FOR 
LIFT  AUOMCNTATION  DEVICES 

R Ummin  In  AGARO  A**Mim«ni  of  Lift  A<jgm«'Uiion  D«v»ce* 
F«b  1971  21  p (S««N7 1 20051  09  021 
Avail  NTIS 

Problpmi  afttociaipd  with  the  deei^n  of  high  lift  iyeiemi 
for  con>bet  eifc^iN  f#vtew«d  Perfo^^T'•ftc•  end  flying  gualitiei 
ere  coneidered  Low  level  high  speed  flying  rrguifet  trnell  wmg 
Ihickfwme  to  chord  reno  lebout  6 to  7%).  htgh  sweep  angle  (35  to 
45  dege).  imeM  eepect-retio  (3  to  4)  end  high  vinng  loadings  (about 
400  to  500  Lg  p#r  meter)  With  eoch  a w»ng.  it  le  difficult  to 
provtda  good  taka  oif  and  landing  performance  for  thou  field 
oparatioo  while  maintaining  good  flying  quahtiae  at  low  iptedi 
EHoctfve  high  hft  device*  are  needed  to  achieve  the  low  etallmg 
epeeda  required  for  ehort  takeoff  and  lar>ding  dittarKee  and  ineir 
deatgn  mutt  provide  a aatiafaclory  level  of  control  m ihe  low 
tpeed  flight  range  The  review  mterwled  to  clarify  the  problem* 
orKOuntartd  in  achieving  thete  eimk  end  to  mdicete  wave  of  eoivmg 
them  Author 


N71-20063#  Lockheed  Georgia  Co  Marietta 
OPTIMISING  THE  PROPULSIVE  LIFT  SYSTEM  FOR 
TURSOFAN  STOL  AIRCRAFT  CONSIDERING  COST 
EFFECTIVENESS 

H T Bowling  In  AGARD  Assessment  of  Lilt  Augmentation 
Devices  Feb  1971  14  pi  See  N7  1 2005 1 09  02! 

Aveil  NTiS 

The  results  are  presented  ol  a comparison  of  three  STOL 
high  lift  concepts  which  have  been  mteoiated  with  bspass  ratio 
lurbofan  engines  Transport  aircraft  cOMfiQuralions  optimueci  using 
these  concepts  are  compared  aloi  g with  sigmlicani  characteristics 
of  eech  system  The  purpose  of  this  comparison  was  to  provide 
possible  insight  tor  future  studies  a'»'l  testing  None  of  these 
systems  wore  subjected  to  a highly  detailed  analysis  and  do  not 
repieserii  completely  optimised  concepts  Every  effort  was  made  to 
niake  the  comparison  as  consistent  as  possible  A secoridary 
purpose  IS  the  discussion  and  demonstration  of  a study  methodology 
whii,h  was  fJevelopeo  to  integrate  cost  nllHLliveness  •••ilo  I-'-C  C0-, 
technical  develonment  of  new  auplane  concepts  T)»is  methodology 
iS  primarily  applied  to  c military  STOL  development  program 
Mow©'/cr  some  examples  are  shown  of  considerations  of  commercial 
cost  eflectivenass  Author 


02  AIRCRAFT 


27 


N71-200C4I  0ffic«  National  d'dudat  at  d«  Aacharchat 
AarOtpAtialat  Parra  IFranca) 

A NEW  TECHNIQUE  PON  AEROFOIL  LEADING  EDGE 
fTUOIEt 

J Monnana  In  AQARO  Aaaaavnant  UN  Augmanuton  Oavcaa 

Fab  1971  5 p ref  (Sm  N71  200S*  09-02) 

Avail  NTIS 

iMuatrttiont  ara  from  an  invar ttgatron  of  flow  aaparairon 

bobOiaa  which  davalop  naar  an  airfoti  lapsing  adga  Thaaa  irrciuda 
a drawing  of  tha  airfoil  profila.  a valocity  diagram  for  a profiia  with 
a Handlav  Paga  Net.  a plot  of  tha  aimilanty  batwaan  tha  flow  on 
two  rrodala.  aurfaca  flow  viauaiitatron  naar  tha  laadmg  adga. 
boundary  layar  curvas  m iha  bubbla  ragion  and  watar  lunr>al  modal 
vitualuaiion  data  E C 

N71  -2009Sa  Royal  Aircrah  Faiabirshmant.  Famboroogh  (Er^iaryf) 
SOME  COMMENTS  ON  CHARACTERISTICS  OP  HIGH  UPT 
WINGS 

0 N Fosiar  In  AGARD  Assasament  of  Uft  Augmaniatior^ 
Oavices  Feb  1971  5 p refs  (Sae  N7 1 -200£  1 09-02) 

Avail  NTIS 

Wirtd  tunnel  lasts  urvter  as  near  to  two  dimensional  conditions 
as  possibla  w<:ra  earned  out  on  a wing  section  with  plam  leading 
and  trailing  edge  flaps  having  boundary  layer  control  by  blowing 
at  the  flap  knees  A range  of  flap  deflections  were  tested  results 
are  presented  lor  the  condition  with  no  leading  edge  flap  deflectior^ 
and  with  the  trailing  edge  flap  deflection  20  deg  Results  suggest 
that  the  inviscid  lift  i$  achievable  with  a mome'itjm  coefficient 
which  IS  dependent  on  the  angle  of  incidence  (or  tfie  lift),  (hat  under 
these  conditions  a pressure  distribution  will  be  measured  which  is 
very  similar  to  the  mviscid  predictions,  and  that  sensibly  lero  dreg 
will  result  Drag  with  high  lift  devices  is  also  discussed  Author 

N71'200M|f  Hawker  Siddetey  Aviation.  Ltd  . Hatfield  (England) 
THE  HUNTING  H 126  JET  FLAP  RESEARCH  AiRCRAPT 
K O Hams  In  AGARO  Assessment  of  UN  Augmentation 
Oavices  Fab  I97l  7 p refs  tSee  N71  20051  09-02) 

Avail  NTIS 

Tha  lat  flap  principle  is  reviewed,  as  well  at  the  development 
of  a piloted  research  aircraft  to  test  the  principle  Aircreft  ihruat 
lOfses.  stability  and  control  problems,  and  stalling  charecteristics 
are  discussed  £ ^ 

N71-20067I  Canadiir.  Ltd  . Montreal  (Quebec) 

AERODYNAMIC  RESEARCH  ON  HIGH  LIFT  SYSTEMS 
FotfS  Mavriplif  In  AGARD  Assessment  of  Lift  Augmentation 
Otvicos  Feb  197)  13  p reft  (See  N7i-20inL«  09. 

Avail  NTIS 

Aipecta  of  two  dimensional  flow  research  on  high  lift  systems 
ere  discussed  A theoretical  method  la  described  for  calculating  two 
dimensional  potential  flow  about  rnulti-element  high  hh  airfoils  The 
method  '.s  based  on  the  distribution  of  vorticity  on  the  eirfoil 
contour  A wall  blowing  technique  la  also  described  which  was 
davefopod  for  testing  effectively  complex  high  lift  models  m the 
wir>d  tunnel  It  was  used  to  study  the  effect  of  leading  edge  and 
trailing  edge  devices  on  the  aerodynamic  characteristics  of  e 1 7% 
er>d  a 10%  thick  eirfoii  Finally,  comparisons  of  calculated  end 
eiperimenta)  data  obtained  on  some  of  the  complex  configurations 
tested  ere  presented  to  demonstrate  the  usefulness  of  the  methods 
described  Author 


N71  *7^3410#  Advisory  Group  for  Aerospace  Research  and 
Develii^mertt.  Pan*  (Franca) 

LERflONi  WITH  EMPHASIS  ON  PLIGHT  MECHANICS 
PROM  OPERATING  EXPERIENCE.  INCIDENTS  AND 
ACCIDENTS 

Mar  1971  301  p refs  Presented  at  the  37th  Meeting  of  the 


Flight  Mech  Pinal  of  AGARO.  Baden-Baden.  20  23  Oct  1970 
tAGARD-CP-76-71)  Avail  NTlS  HC$6  OO/MFSO  96 

Detailed  accident  ana  incident  mvestigationa  flight  cor>trol 
aystema  developmanta  ar>d  operational  performar^ce  recordings  ere 
used  to  optimiae  aircraN  flight  rrsechanicel  parameters  Considerable 
emphesia  «t  pieced  on  human  factors  engmearing  for  aircraft 
safatv  raquiromants  For  individual  titles  see  N7 1 -234 1 1 through 
N71-23431 

N71-23411I  A>r  Registration  Board  London  (England) 

A SRIEF  REVIEW  OF  SOME  SAFETY  STUDIES  BASED  ON 
operational  PUOHT  RECORDING 

J.  C Chaplin  /n  AGARO  Lassona  wi.h  Emphasis  on  Flight  Mech 
from  Operatmg  Experience.  Incidanti  and  Accidents  Mer  1971 
26  p refs  (See  N71-23410  12  02) 

Avail  NTISHCS6  00/MFS0.9S 

In  ordar  that  sdvancat  in  aviation  safety  may  contmua 
to  be  made  without  unnacetsaniy  adding  to  cost,  it  it  essential 
to  be  able  to  study  tha  eNactivenesa  of  current  regulations  to 
determine  whether  or  r^ot  they  are  acting  m the  manner  expected 
Methods  which  have  been  developed  to  abstiaci  and  examine  data 
of  safety  interett  ere  outlined  The  fields  of  operations  and 
airwortninesa  are  both  corisidered  and  the  relative  places  of  statistical 
date  on  the  one  hand  and  tha  more  detailed  study  of  isolated 
events  era  discussed  Examples  are  given  of  some  of  the  results 
which  have  been  obtained  The  imponance  of  the  close  hnks  which 
have  been  developed  with  the  operator  is  emphasited  Author 

N71-23412|F  National  Aerospace  Lab  Amsterdam  (Natherlar^ds) 
OPERATIONAL  FLIGHT  RECORDING  AND  ITS  IMPACT 
ON  PLIGHT  SAFETY  AND  AIRCRAFT  DESIGN 
T Van  Ooaterom  M AGARO  Lessons  with  Emphasis  on  Flight 
Mech  from  Operating  Evperier'r:#  Incidents  and  Accidents  Mar 
1971  19  p refs  (See  N7i. 23410  2 02) 

Avail  NTlSHC$eoO/MF$0  9S 

Flight  operational  experience  and  results  from  mcidant  and 
accidant  analyaes  are  important  sources  of  basic  information  for 
improving  flight  safety  end  eircreh  design  These  sources  can  be 
eHectivciy  explored  by  in-flighi  recording  of  data,  which  define  the 
flight  condition,  the  navigational  environment  and  the  technical 
functioning  of  the  aircraN  Present  aircraN  integrated  date  systems 
(AIDS)  provide  an  extensive  data  acquisition  capability  and  allow 
for  automatic  data  processing  The  mam  technical  features  of  thesv 
syatems  and  the  relevant  date  processing  equipment  ere  reviewed 
from  e users  point  of  view  A survey  is  given  of  present  and 
DOeaible  future  applications  of  aids  with  emphasis  on  flight  safety 
end  eircreN  design  oaie  recording  Some  specific  exarnples  are 
diacutaed  which  illustrate  the  usefulness  of  flight  recording 

Author 

N71-23413I  General  Oynamics/Fort  Worth  Tex 

PROVING  THE  OPERATIONAL  CAPABILITY  OF  A HIGH 

PERFORMANCE  FLIGHT  CONTROL  SYSTEM 

£ C Uviogstoo.  Jr  In  AGARD  Latsong  with  Emphasis  on  Flight 

Mech  from  Operating  Experience.  Incidents  and  Accidents  Mar 

1971  12  p (See  N71-23410  12-021 

Avail  NTIS  MCS6 OO/MFSO  95 

Two  generalized  approaches  to  the  development  end  proof 
of  a high  performance  flight  control  system  are  examined  The  first 
approach  la  conventional  in  that  no  more  then  minimal  simulation 
It  utilized  to  confitm  th's  system  analysis  and  design  in  the 
second  approach,  extens-ve  use  is  made  of  complete  clored-ioop 
simulation,  including  an  accurate  dynamic  model  of  the  airframe,  to 
confirm  analysis  aryj  de&ign  Examples  er<ouritered  m the  utilization 
of  these  two  approaches  are  provided  m order  to  illustrate  the 
benefits  of  one  aporoech  over  the  other.  Experience  gained  from  the 
utiiiienon  of  both  of  these  approaches  has  shown  the  latter  to  be 
the  best  The  extensive  use  of  flight  simulators  end  an  airframe 
left  stand  assures  that  the  system  will  meet  requirements  after 
minimal  retrofit  and  flight  test  Author 
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N7l-234t4|  Smiths  Industnsi.  Ud  . London  (Engisndl 
THE  OriKATlONAL  PROVING  OF  AUTOMATIC  FUQHT 
CONTNOL  RYSTEMt  IN  TH*  APPROACH  AND  LANDINO 
PHASE 

fi  H Ashfofth  /nAGARD  Isssont  with  Emphstif  on  Flight  Msch 
from  Opsrtiing  ERpshonct.  Inc»dsni  and  Accidsnts  Mar  1971 
10  p (SmN7  1 23410  12  02) 

Avail  NTlSHCSeOO/MF  $0  96 

Ths  HawAsr  Siddotsy  Tfidsnt  sircrift  squiuped  with  a flight 
control  sytiam  that  covers  both  automatic  approachai  and 
automatic  landmgt  is  studied  The  Righi  control  i vstam  comprises 
the  SEP  6 autopilot  which  ts  triplex  in  the  pitch  i^nd  roll  axis  and 
duplex  in  yaw.  The  lessons  leamt  dunng  the  flight  trails  and  also 
as  a result,  of  the  service  experierKa  are  discussed  Charvges  made 
to  the  onginal  design  as  s result  of  this  axpenenca.  appitcabla  to 
the  approach  ar>d  ier>ding  phase,  are  described  m relation  to  the 
different  levels  of  desrsnce  The  second  part  of  the  paper  covers 
the  in-servica  recording  snd  statistical  p'ovmg  of  the  sutomstic 
landing  system.  Authof 

N71*2941$/|(  Messerschmitt-Sonlkow  filohm  GmbH.  Munich 
(West  Gsrmsny) 

OPERATIONAL  PROVING  OF  AUTOMATIC  FLIGHT 
CONTROL  SYSTEMS  FOR  V/8TOL  FIGHTER  AIRCRAFT 
G ICissal  and  H Schnndllain  (Veremigte  Flcgtech  Wofke  G m b H . 
Brsmen.  West  Gsrmany)  /n  AGAflO  Le$s.>ns  with  Emphasis  on 
Flight  Mech  from  Operating  Experier\ce  Inc  dents  and  Accidents 
Mar  1971  26  p refs  (See  N71-23410  12-02) 

Avail  NTlSHC$eOO/MF$0  95 

Foui  different  types  of  automatic  flight  control  systems 
lor  V/STOL  fighter  aircraft  were  flight  tested  wiihm  the  past  years 
The  VJ  101  C iircraft  makes  use  of  pure  let-thrust-nnodulstion 
control  in  the  thrust  sustemed  flight  regime  for  roiling  and  pitching 
and  thrust  vector  control  for  yawing  The  VA^  l$1  flying  bedstaed 
uses  puff-otpe  (bleed  an)  coot'ol  with  additional  thrust  augmentation 
for  pitching  The  mam  characteristics  of  the  systems  are  (1) 
stability  sugmaniiuon  syitem  with  high  authority  superimposed  on 
the  mechan»c4l  flight  control  system  versus  fly  by  wire  system.  (2) 
integrating  '■.ontrol  system  versus  proportional  system.  (3l  pure 
VTOL  vartua  V/STOL  capabi  ity  (4)  pure  thrust  modulation  control 
versus  puff-pips  control.  anJ  (5)  puH  pip^  control  by  means  of  fly 
by  wire  with  mechanical  bick  up  With  all  four  systems  acceptable 
handling  qualities  could  he  reached  but  it  is  shown  that  especially 
in  case  of  thrust  moduiel'On  whe^o  the  aKC*ah  has  nonlinear 
charactarittics.  for  large  contr  ?l  inputs  a nonlmear  control  system 
gives  higher  etability  Autnor 

Nil-23416^  Deputy  Chiel  of  Navai  upefations  tOeveiopmcnti 
Washington.  O C 

DESIGN  LESSONS  LEARNED  FROM  VME  OV  lOA  BRONCO 

Hugo  G Sheridan  if  AGARD  Lessons,  with  tmphasis  on  Fhght 
Mech  liorn  Operating  Experience,  incidents  and  Accidents  Mar 
1971  13  p (SeeN71-234lO  12  02) 

Avail  NTIS  HCS6  00/MFS0  95 

The  OV-  IOA  Bronco  is  one  of  the  aircraft  designed  specifically 
for  low  level  counterinsurgency  warfare  The  original  design 
requirements  for  the  aircraft  as  well  as  the  engineering  changes 
found  necessary  during  the  flight  lest  stage  are  reviewed  Use  of 
the  Bronco  in  combat  operations  in  Southeast  Asia  is  summarized 
including  loss  and  damage  rate  As  a result  ol  these  combat 
operations,  conclusions  are  drawn  as  to  the  validity  of  the  original 
requirements  for  the  OV  IOA  Design  reauirements  desirable  for  the 
next  counterinsurgency  aircrah  m light  of  the  experience  m South- 
eaai  Asia  are  lecommended  Author 

N7t-S$4174  Hawker  Siddeley  Aviation  Ltd  Woodford  (England) 

lessons  from  operation  and  TRIALS  OF  TWIN 
turbo  PROP  AIRCRAFT  ON  ROUGH  AIRFIELDS 
M J Taylor  /■<  AGARD  Lessons  with  Emphasis  on  Fhght  Mech 
from  Operating  Experience  Inciderits  and  Accidents  Mer  1971 


13  p refs  fSee  N7l  23410  12  OD 
Avail  NTISHCS6  00/MF$0  95 

Trials  and  operations  of  a Civil  twin  turboprop  airliner  and 
of  «ts  military  counterpart  have  taken  place  over  a period  of  neerly 
ten  years  Dunng  this  time  both  measured  data  and  operating 
eH0«rier>ce  have  bean  accumulated  from  movements  on  unprepared 
airfields  in  particular  the  investigation  into  two  landing  accidents 
involving  the  civil  type  has  led  to  performance  measurements  on 
giats  aryd  haid  surfaces  Information  is  given  on  the  foflowing  (1) 
undercarriage  load  measurements.  (2)  airframe  contamination  and 
superficial  damage,  and  (3)  aeroplane  performance  Author 

N71-23418*!  National  Aeronautics  and  Space  Administration. 
Washington.  D C 

AVOIDANCE  OF  AIRCRAFT  TRAILING  VORTEX  HAZARDS 

Wilham  A McGowan  M AGARD  Lessons  with  Emphasis  on 
flight  Mech  from  Opeiatmg  Experience.  Incidents  '*nd  Accidents 
Mar  1971  23  p refs  (See  N7  1 -234 10  1 2-02) 

(NASA  TM  X-67126)  Avail  NTIS  CSCLOIC 

Trailing  voMices  have  been  the  cause  of  aircraft  accidents 
Results  ol  accident  investigations  theoretical  exercises,  wind  tunnel 
experiments  and  flight  tests  are  used  to  describe  the  formation 
and  seventy  of  trailing  vortices  and  the  spatial  extent  of  their 
•nfluer^ce.  including  factors  governing  persistence  This  information 
IS  then  used  to  outline  procedures  for  .eady  apphc.'tion  by  pilots 
tower  operators,  and  those  concerned  with  the  flow  of  traffic 
during  tactical  Operations  The  procedures  provide  the  necessary 
appreciation  of  the  physical  attributes  ol  trailing  vortices  the  potential 
hazards  involved  when  erx:uunteiing  them,  ar^d  how  best  to  avoid  the 
dangerous  portions  of  the  wake  during  flight  operatior^s  Schemes 
under  investigation  ic  monitor  remotely  both  the  treihng  vodex 
location  and  intensity  in  the  airpon  area  and  to  prohibit  formation 
ol  high  intensity  vortices,  through  aircraft  desigr^  are  discussed 

Author 

N7V23419#  Mississippi  otaie  jniv  . State  College  Oepi  ot 
Aerophysics  end  Aerospace  Engmeenng 

THE  HANDLING  QUALITIES  FcQUIRED  FOR  SAFE 
OPERATION  OF  SINGLE  ENGINE  BOUNDARY  LAYER 
CONTROLLED  AIRCRAFT  IN  THE  8T0LM0DE 
S C Roberts  in  AGARD  Lesson't  with  Ernphasison  Flight  Mech 
from  Operating  Experience.  Incidents  and  Accidents  Mar  1971 
16  p refs  iSeo  N71-23410  li.-w2) 

Avail  NTI5  hC$6  00.  MF$0  95 

Opereiions  of  single  engine  boundary  layer  cuniroi.  STOL 
aircrafts  Since  1958  are  reported  The  vehicles  have  been  the  high 
lift-  super  cub  L-21  the  modified  Cessna  L-19.  the  XAZ-1.  and  the 
XV  1 1A  with  wing  loadings  ranging  frpm  13  Ib/sg  f1  to  28  Ib/sq 
ft  All  of  these  aircraft  had  a distributed  suction  boundary  layer 
control  system  for  iifi  augmentation  and  XA2-1  and  Uie  XV-11A 
also  had  shrouded  oropeilers  for  static  thrust  augmentetion  The 
performance  stability  end  coniroL  and  handimg  qualities  of  these 
aircraft  have  been  evaluated  and  considerable  experience  gained  in 
the  operaiioriai  a<pects  of  such  STOL  aircraft  with  regard  ro  the 
handling  qualities  required  for  sale  operation  lO  the  STOL  mode 

Authui 


N71-23420X  Breguct  Aviation  Veiizy  fFrancei 

ESTA8U8MING  SAFETY  MAHOINS  FOR  THE  TAKE  OFF 
AAlO  approach  OF  THE  BREGUET  941 
lESTABllSSEMENT  OES  MARGES  OE  SECURITE  AU 
OECOUAOE  ET  A L ATTERHISSAGE  POUR  LE  BREGUET 
9411 

J Basi.don  In  AGARD  Lessons  w.ih  Emphasis  on  Fhghi  Mech 
from  Opeialihg  Eapenencp  Incidents  and  Accidents  Mai  1971 
9 p tSee  N7  I 23410  12  02) 

Avail  NTIS  HCS6  00  MF  SO  96 

The  seletv  .. ng.iii  to  bo  concidcicd  a'C  0<  inp  iwn  (oMowing 
'.ypes  (II  speed  maigms  iiakeoll  and  appioach  speed!  end  12' 
lieldlengihmaigins  These  two  maigins  aie  evaminsd  and  discussed 
CO  .sidering  the  BR  941  Oeieiminai  on  ol  ihesc  margins  is  based 
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on  th#or«t»c«l  con»id«rttioo».  fli9h(  rT>«tftur«nnant»  and  op«r«tional 
tt«t  rMuItt  Allowanca  U alto  mada  for  diacuaatona  dttar'nirting 
•pociaf  coodiiiona  for  civil  airwortriinaaa  of  thia  airplana  Author 

M71-2S421I  Naval  Air  Systams  Command.  Wathir>gion.  D C 
LOW  ALTITUDE  HIOH  SPEED  FUQHT  EXPERI^.NCS 
Ralph  C A’Hanah  /n  AGARD  Laaaons  with  Emphatit  on  flight 
Mach  from  Oparatir>g  ExpariarKa.  IrKidants  and  Acodanta  Mar 
1971  13  p raft  (Sea  N;i-23410  12  02) 

Avail  NTlSHC$eOO/MFS0  95 

An  aitanawa  flight  taat  avaiuAtion  of  tha  oparational  capakxiitm 
of  oontanxwrary  military  aircraft  m parformirtg  low  altituda  miaaiorts 
la  raportad  Tha  particular  taat  phasa  bamg  raviawad.  namaly  iha 
viaual  largai  acquisition  test,  involved  8 aircraft  and  200  pilots 
making  more  than  400  low  altitude  sorties  Assignad  panatratiorv 
spaada  ranged  from  17$  to  S$0  Knots  Two  altitude  corridors  ware 
aaiigned  minimum  safe  altitude  to  400  feet  and  SOO  to  900  feat 
above  the  terrain  Author 


N7l-23422||f  Ecoie  Nationale  Superieure  da  i A«i<Gr.«titiqua. 
Toulouse  IFrance) 

INFLUENCE  OF  SIMPLE  AERODYNAMIC  MODIFICATIONS 
ON  THE  PERFORMANCE  OF  AN  AIRCRAFT  (INFLUENCE 
OE  MODIFICATIONS  AEROOYNAMIQUES  SIMPLES  SUR 
LE  COMPORTEMENT  D UN  AVIONI 

J E Forestier  in  AGARO  Lessons  with  Emphasis  on  Flight  Mech 
from  Operating  Experience  Incidents  and  Accidents  Mar  197  t 
12  p fSee  N71  23410  12  02) 

Avail  NTISHCS600/MFS095 

Described  are  modificatK}os  made  on  prototype  Vautour  eircraHs 
d'jf’ng  th#if  deve'oprnent  phase  Prjnciole  difficulties  encountared 
were  lateral  ^^onirol  and  beyond  Mach  0 93  longitudinal  contro! 
characteristics  Adiustmentsof  the  turbulence  generator  positions  on 
the  Outer  airloils  lust  before  the  wmg  tip  and  modifications  m the 
chamber  of  the  wmg  leading  edge  provided  the  desired  performance 
improvements  TransI  by  G G 

N71'23423a  National  Aero  and  Astronaul'Cal  Research  Inst. 
Amsterdam  (Netherlands! 

MAN  MACHINE  COMBINATION  IN  THE  LIGHT  OF  SAFETY 
REQUIREMENTS 

F W L Herckenraih  J J P Moelker.  and  C M Ramsey  In 
AGARO  Lessons  with  Emphasis  on  Flight  Mech  from  Operating 
Eiiperience.  Incidents  and  Accidents  Ma'  1971  10  p refs  (See 

N71  23410  12-02) 

Avail  NTISHCS6  00  MFSOyo 

A descriptir^''  mven  of  a few  limiting  factors  in  man 
and  their  bvanng  up'  aircraft  design  Examples  are  given  of 
iHDitatrons  in  attentiO*  . perception,  learning,  memory  and  intelligence, 
and  decision  makirj  Present  desigr^  deficiencies  are  considered  in 
the  light  of  crew  training  and  procedures  It  is  stressed  that  from 
the  earliest  conception  of  a design  close  cooperation  between 
designers  safety  organisations  and  prospective  operators  is  of  vital 
importance  to  assure  safely  m aerospace  cperations  Author 

N71-23424a  National  Aeronautical  Establishment.  Ottawa 
(Ontario! 

REVIEW  OF  SEVERAL  FACTORS  RELEVANT  TO  JET 
UPSETS 

6 Caiger  ir.  AGARO  Lessons  with  Emphasis  on  Flight  Mech 
from  Operating  Experience.  Incidents  and  Accidents  Mar 
11  p refs  (See  N71  23410  12  02! 

Avail  NfiS  HC  $6  00-  MF  SO  95 

Venous  contntKJlory  factors  to  jet  upsets  are  reviewed  covering 
instrument  or  control  sysiern  failures  and  severe  turbulence 
encounters  Related  problems  of  pilot  disorientation  are  discussed 
Tr.e  need  for  detailed  ariaiyses  of  upsets  is  emphasued  it  is 


v>A<luded  tha!  well  designed  autopilot  systems  may  provide  more 
cifective  control  m severe  turbulence  encounters  than  the  human 
r/M.  but  that  suppression  of  pfimary  structural  modes  end  the  use 
* heed'up  displays  era  still  desirable  to  alleviate  the  pilot' s 
r*  Itculiias  Author 

NM  2)4251  Boeing  Co  . Seattle.  Wash  Contmorciel  Airplane 
'•oup 

APPROACH  PATH  CONTROL  FOR  REDUCED  NOISE  AND 
1 4PROVED  TRAFFIC  CAPACITY 

C R OiHord  In  AGARO  Lessons  with  Emphasis  and  Flight  M^h 
^om  Operating  Experience  Incidents  and  Accidents  Mar  1971 
22  p refs  (See  N71  2341(3  12  02) 

Awed  NTiSHCS600/MF$095 

Fmel  approach  control  for  transport  aircraft  consists  primarily 
<n  aetodynamic  performance  during  cruise  The  specific  objectives 
defined  for  the  Boemg  727  and  737  m this  respect,  end  the 
boundary  layer  control  research  with  the  707  prototype,  are  outlined, 
together  with  results  achieved  Steep  angle,  decelerating,  end 
curving  approaches  have  bean  considered  singly  and  m combination 
A simple  speed  control  for  decelerating  approach  on  the  normal 
glidepaih  ^ngle  is  under  development  for  the  747  and  research 
cctivities  include  extending  the  capab:iity  of  high  quality  area 
navigation  equipment  to  control  of  flightpath.  speed  arid  configuration 
on  final  approach  so  as  to  minimize  noise  Described  are  (ha 
operational  characteristics  of  the  airborne  system  for  terminal 
oath  guidance  on  reduced  noise  trajectories,  including  the  system 
configuration,  functions  of  key  elements,  redundancy  requirements, 
control  law  aspects  and  cockpn  displays  Author 


N71-23426/lf  National  Aeronautics  and  Space  Council, 
Washington  0 C 

A REVIEW  OF  V;  8T0L  AIRCRAFT  ACCIDENTS  IN  ‘^HE  US 
John  H Enders  and  William  E Thurman  AGARD  Lessons  with 
Emphasis  on  Flight  Mech  from  Operating  Expor.ence,  Incidents  and 
Accident*  Mcr  1971  14  p refs  (See  N71-23410  12-02i 
Avail  NTISHCS6  00/MFS0  9B 

V/STOL  research  and  development  aircraft  accidents  have 
occurred  for  the  same  major  reasons  and  over  the  same  operational 
phase  spectrum  as  have  accidents  to  conventional  aircraft  Excluding 
ho'.er  and  transition  phases  from  the  operational  phases  e pattern 
cf  accident  distribution  of  V/STOL  aircraft  is  similar  to  that  <or 
converuionel  aircraft  about  55-60%  during  landing,  about  20% 
•n  cruise,  and  about  20%  during  takeoff  The  pattern  of  accider^ts 
suggests  no  clearly  dominant  remedial  action  to  reduce  these 
accidents  across  the  board,  but  increased  attention  m each  of  the 
ceuse  factor  areas  Wi!1  effect  an  !f.-.pro*/efr>“n?  Nearly  every  accident 
investigation  prompted  changes  n either  design,  methods  of 
operation,  manaqement  structure,  pilot  framing  methods.  oi 
memtentrice  procedures  Author 

N71'23427|H  Ministry  of  Defence  London  (England! 

V/8TOL  IN  THE  ROYAL  AIR  FORCE:  SOME  LESSONS 

FROM  THE  FIRST  18  MONTHS 

R G Lofting  In  AGARD  Lessons  with  Emphasis  on  Flight  Mech 
from  Operating  Experience.  Incidents,  and  Accidents  Mar  1971 
4 p (See  N71  23410  12  02! 

Avail  NTtS  HC56  00/MFS0  95 

Some  18  months  of  V.'SIOL  operations  with  the  Hamer 
ground  attack  and  reconnaissance  aircraft  have  been  completed 
and  the  aircrafi  . 'light  safety  'ecorj  during  this  period  is  discussed 
The  record  has  been  encouragingly  good,  taking  into  considerati'^n 
ihe  novel  problems  of  V/STOL  operation  and  field  covered  by  t-ie 
complete  Mxfner  (tight  safety  record  IS  not  a large  one  Selected 
are  the  'oHowing  four  topics  from  the  Harrier  flight  safely  record 
wh'ch  he  reasonable  close  to  flight  .nechemes  (1!  stability  and 
control  (21  exhaust  gas  remgestion  (3!  election  facilities  and  (4) 
control  system  Author 
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N71-2342MI  M««unchmitt-Bo*lliow  Gmb  H riunich  (W«it 
GtrmcMY) 

V/ *\0L  ACCIOKNTS  Oft  INCIDENTS 

0 BiftHfl  In  4GARD  LaMons  with  Emphaalt  on  Flight  Mech 
frcrn  Optrtiing  Exporiancfl.  Incklanti  and  Accidanit  Mar  1971 
10  p ISaaN71  23410  12  02) 

Avail  NTISHC$e00/MFS0  96 

Parlorminca  lasts  on  two  modals  of  ths  VJ  101 C VTOL 
high  parfoxntnca  airciafi  tra  raportad  and  obsarved  iccidanis 
connaclad  with  flight  machsnical  aspects  aia  analvtad  Foui  out  of 
the  live  accidents  raportad  hod  somathinp  to  do  with  hot 
gaaaa  and  recirculation.  A great  deal  of  the  iacirculaiion  proolams 
aipariancad  ware  diiactly  connected  to  the  triangular  arrsi.gamant 
of  the  aircraft's  6 anginas  G G 

N7 1-234291  Sud  Aviation.  TouIoum  (France) 

AU  WEATHCR  SUD/L£AR  LANDING  8YSTCM  IN8TALUO 
ON  THE  CARAVELLE  (SYSTEME  O AmRAISSAOE  TOU8 
TBMPB  8UD/L8AR  IN8TALLC  SUP  CAR  WELLE) 

G Payeuf  /n  AGARO  Lessons  with  EmphtiSis  on  Flight  Mech 
from  Operatirrg  EMpenence.  Incidents  and  Accidents  Mar  1971 
10  p (See  N7123410  12-02) 

Avail;  NTIS  HC$600/MF$095 

Expartence  with  the  all  weather  SUO/LEAR  landing  system 
confirms  its  reliability  in  phase  3o  automatic  approach  and  landing 
requirements  Thu  system  encorporetes  a flash  warning  signal  on 
the  panel  in  front  of  the  flight  captstn  that  combines  ell  essential 
warnings  relating  to  aircraft  flight  control  end  integrates  in  perttculer 
the  following  warnings  (1)  HZ-4  and  MR-4  indicator  flags.  (2) 
beam  error  datecior  warnings.  (3|  autopilot  warnings,  and  (4) 
altituue  error  wormngs  transmitted  by  the  radio  altimeter  AF-end 
servo-mechenisrrt  unit.  The  fact  that  the  warnings  ere  combined  in 
a single  flash  enables  ths  flight  captain  to  continue  outside  the 
aircraft  and  yet  perceive  within  his  immediate  field  of  visior^  a 
possible  malfunction  flash  signal,  he  can  make  a decfion  (down  to 
50  ft)  to  continue  the  approach  or  to  initiate  go-a  ound 

Tranil  by  G G 

N71-23430I  Army  Aviation  Systems  Command.  Si  Louis.  Mo 
PROBLEMS  ENCOUNTERED  IN  NAP  OF  THE  EARTH 
flying  and  their  EFFECT  ON  AIRCRAFT  DESIGN 
MISSION  PERFORMANCE 

Lawrence  R Dewey.  Jr  In  AGARO  Lessons  with  Emphasis  or. 
Flight  Mech  from  Operating  Experience.  Incidents  and  Accidents 
Mar  1971  5 p refs  (See  N71-23410  12-02) 

Avail  NTiSHC$6.00/MFS0  95 

Reviewed  ere  some  of  th#  design  problems  that  ere 
accentuated  by  tect*Cffi  helicopter  maneuvering  close  to  ground 
Considered  are  aerodynamic  coupimg  effects  that  cause  the  aircraft 
to  roll  durinn  climb  with  sudden  forward  pitching  for  a gun  run 
on  target,  and  dynamic  structural  aircraft  vibrations  during  low  level 
high  speed  terrain  avoidance  maneuvers  Proposed  safety  measures 
•rKlude  an  automatic  information  and  warnin')  system  lor  the  pilot 
end  safety  margins  that  roeiisticelly  encomf  ess  f«itigue  dynamics 
inherent  in  close  to  ground  operations.  Q G 

N71-23431)|l  Ministry  of  Technology.  Lortdon  (England) 
WEATHER  AS  A FACTOR  IN  FATAL  ACCIDENTS 
INVOLVING  CIVILTRANSPORT  AIRCRAFT 
J Surnhem  In  AGARD  Leesons  with  Emphasis  on  Flight  Mech 
from  Operating  Experience,  Incidents  end  Accidents  Mar  1971 
21  p refs  (See  N71-23410  12-02) 

Avail  NTISHCS600/MF$09S 

An  analysis  is  given  of  the  imoortance  of  weather  m (etei 
accidents  involving  civil  transport  cstegory  aircraft  during  the 
period  1940  69  Out  of  a total  of  1.433  eccid<»nu  involving  25  B01 
faielities.  weather  is  known  tc  have  been  a factor  in  318  accidents 
involving  6 778  fatalities,  and  may  hava  been  involved  m others 
The  averege  of  13  accidents  per  year  m which  weathcn  was 
involved  comprise  about  10  per  year  m poor  visibility.  2 per  vear 


dua  to  guiis  and  1 par  year  due  to  icing  arid  other  weather 
haiards  The  only  type  of  weatner  accident  which  has  increased  in 
fraquancy  in  recent  years  is  that  of  approach  and  landing  m poor 
vtsibiiity  Author 


N71'2SOSO|  Advisory  Group  for  Aerospace  Research  end 
Development.  Paris  (Franca) 

EXTREME  VALUE  ANALYSIS  AND  ITS  APPUCATION  TO 
c.  «.  VERTICAL  ACCELERATIONS  MEASURED  ON 
TRANSPORT  AIRPLANES  OF  TYPE  C-1S0 

Ono  Suxbaum  (Lab.  fuer  Setriebafeaiigkait)  Mar  1971  31  p 

raft  Prasanted  at  3 lit  Meelirig  of  the  Panel  on  Environ-.  Siatiet. 
Data  of  AGARD,  Tonsberg.  Norway.  V6  Nov.  1970 
(AGARO-R-679-71)  Avail  NTIS 

The  interpretation  of  cumuiativa  frequency  distrlputiona  of 
maosured  flight  loads  can  be  increased  significaniiy  by  an  additional 
extreme  va*ue  analysis  This  rnathod  not  only  leads  to  a higher 
raliability  in  fatigue  design  but  may  be  uaed  alto  for  a prediction 
of  extreme  loading  conditions  and  for  a description  of  the  effect 
of  airplene  and  flight  parameters  ori  loads,  as  is  demonstrated  for 
e g vertical  accelarationa  and  gust  vatocitias  maaaured  on  airplanes 
of  type  C- 130  Author 

N72-1l9l5jlf  Advisory  Group  for  Aerospace  Research  and 
Oevelr^ment  Pans  (France) 

HELICOPTER  GUIDANCE  AND  CONTROL  SYSTEMS 
Sep  1971  261  p refs  Panly  m ENGLISH  and  parity  in 

FRENCH  Presented  at  the  12th  Meeting  of  the  Guidance  ar*0 
Control  Panel  of  AGARD.  Konstant.  West  Germany.  7-9  Jun 
1971 

(AGARO  CP-86-711  Avail  NTIS 

Papers  on  military  helicopter  technology  arc  presented  The 
topics  covered  include  neiicoptei  requiremor't».  system  opeiation 
end  integration,  subsystems,  advanced  developments,  and  test 
reeufts  end  operational  experience  For  individual  titles,  see 
N72-11916  through  N72  H939 


N72’1191S/)I  Defense  Dept . Weshingion.  0 C 

UNITED  STATES  ARMY  HELICOPTER  EXPERIENCES  AND 

FUTURE  REQUIREMENTS 

Conrad  I Stansberry  In  AGARD  Helicopter  Quidar>ce  end 
Control  Systems  Sep  1971  6 p (See  N72  1 1 91 5 03  02) 

Aveil  NTIS 

The  U S Army  has  found  the  helicopter  to  be  an  extrsmely 
versatile  vehicle  in  performing  all  functions  of  combat  It  has 
been  miagrated  into  organizations  throughout  the  Army  force 
structure  The  concepts  of  airmobility  have  been  validated  during 
combat  operations  in  a counterinsurgency  environment  m Vietnam 
At  this  time  the  U S Army  it  m a period  of  trans;*iion  requiring 
an  aseeesmer>t  of  the  applicability  of  the  airmobile  concept  in  th<< 
ntid  end  high  intensity  warfare  environment  To  improve  the 
existing  ceoability.  new  helicopters  and  evaluations  of  different 
r/pee  of  units  with  organic  airmobile  elemer>ts  to  optimize  the 
effectiver>eis  of  our  combat  units  must  be  developed  It  le 
expected  that  the  concepts  of  airmobihty  warfare  brought  to 
fruition  witti  the  advent  of  the  helicopter  and  applied  so 
successfully  m Vietnam  can  be  applied  with  equal  succeea  on 
other  battlefields  m other  areas  m the  future  Author 


N'’2-11917ff  Metserschmitt-Boelkow-Blohm  GmbH..  Otlob- 
funo  (West  Germany) 

OPTIMIZATION  OF  AUTOMATIC  FLIGHT  CONTROL 
CONCEPTS  FOR  LIGHT  HELiCOPTERS  WITH  ALL 
WEATHER  CAPABILITY 

H Koenig  end  H Schmitt  In  AGARO  Helicopter  Guidince  er>d 
Control  Syitc."-  Sop  1971  13  p refe  (See  N72-11916 

03  021 
Avail  NTI< 

All-weather  equipment  of  minimum  complexity  for  light 
helicopters  is  presented  The  criteria  for  its  selection  Mxlude 
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m«tk>n  p«rformanc«  w«ll  «t  consid«r«tK>n  of 

woight.  comploxity  and  co«f  Th«  tpacial  Uaturaa  of  a haticcpiar 
with  htnpalaM  rotor  era  diicuuad  Tba  flight  control  •yttam 
baing  davalopad  i«  ehcwn  by  a ttap-bv  atap  procaaa  up  to  an 
ootimal  aquipmant  for  civilian  and  military  application  m 
all-waatbar  flight  Thit  raport  praaanu  the  validation  of  flight 
control  tyttamt  of  SAS  ar>d  ASt  parformanca  lavai  Succaaaful 
flight  laaU  of  lha  Farranii  FAS  2 and  tha  6SW-FRG  14  flight 
control  aquipmani  hava  baan  conducted  on  tha  halicoptar 
MBB'BO  105  Good  agraamant  has  been  found  between 
thaoratical  and  timulation  atudiet.  Tha  tyatama  can  ba  used  for 
many  important  military  purposat  Author 


N72'11B1B||(  Service  Tachniqua  Aaronautiqua.  Pant  (franca) 
fllGHT  SAFETY  WITH  AUTOMATIC  CONTROL:  REQUIRE 
MENTS  AND  IMPLEMENTATION  (LA  8ECURITE  DU  VOL 
tH  PILOTAGE  AUTOMATIQUE  EXIGENCES  ET  REALISAT- 
IONS) 

A Guibaud  and  G AutechauJ  in  AGARQ  Helicopter  Guidance 
and  Control  Systenit  Sap  1971  6 p In  FRENCH  (Saa 

N72  1 1915  03  02) 

Avail  NTIS 

Tha  breakdown  of  automatic  pilott  or  ai'xii'ary  stabihiation 
syatams  may  have  grave  consaquancaa  foi  helicopter  flight,  tmce 
these  aircraft  often  operate  at  low  attitudes  Safety  requiramenta 
corvttituta  one  part  of  a theoretical  study  of  breakdowns 
requirement  implementation  and  testing  were  also  studied  A 
probabilitY  artalysis  of  simple  and  double  breakdowns  was 
i.ndeitaken  In  the  case  of  active  breakdo^>m  of  tf<e  automatic 
pitot.  It  It  necessary  to  limit  the  rapid  evolution  of  the  apparatus 
and  thus  to  increase  the  time  allowed  to  the  pilot  tc  react  and 
resume  manual  flight  control  Surveillance  devices  are  necessary 
on  the  automatic  r)iiot  m order  to  detect  active  breakdown  and 
to  rapidly  suppress  the  erroneous  command  Such  compatibility 
irul  thereshold  devices  are  available  on  the  Puma  ar^j  Aiouette 
3 aircraft.  F-nally.  surveillance  of  the  flight  control  c'>ain.  from 
detectors  to  servo  commend.  can  be  done  internal  organitation 
of  the  automatic  pilot,  extending  the  possibilities  for  surveillance 
devices  without  increasing  cost  TransI  by  K P D 


N72-119l9il  Royal  Aircraft  Establishment.  Farnborough 
(England) 

THE  IMPLICATIONS  OF  OPERATING  HELICOPTERS  IN 
POOR  visibility 

J E Naihaway  In  AGARD  Helicopter  Gu  dance  and  Control 
Systams  $ep  1971  20  p refs  (See  N72-1 191  5 03  02) 

Avail  NTIS 

A method  of  weather  minima  calculation  is  proposed  (or 
small  Sites  and  :s  extended  tc  eMovv  an  «^t«mete  to  be  made  of 
the  instrument  or  automatic  approach  penormance  requirements 
if  the  weather  mmirna  are  io  be  achieved  As  an  example  of  the 
estimation  technique  an  assumption  is  made  of  n 6 deg 
approach  path  coupled  with  a 60  kn  (1 1 1 km/h)  approach  speed 
and  It  IS  suggested  t>iat  120  ft,' 700  yd  (36m/ 640m)  weather 
minima  should  be  attainable  The  equipment  requirements 
r>ecesserY  to  achieve  the  weather  minima  are  considered  and 
possib  e developments  for  the  future  are  discussed  The  future 
devtiopments  could  include  improved  displays  based  on  cathode 
ray  tubus,  and  also  various  levels  of  automatic  flight  path 
coniro  A radio/ radar  guidance  aid  is  required  and  the  overlap 
betwear^  it  and  the  visual  guidance  system  is  discussed  The 
approach  and  landing  system  described  implies  a weight  penalty, 
the  extent  of  which  depends  on  the  •everity  of  the  weather  to 
be  overcome  With  this  m mmd  a tentative  estimate  is  made  of 
the  equipmer>t  weight  which  may  be  necessary  lo  achieve 
various  weather  minima  Finally,  a study  has  been  made  of  the 
statistical  occurranca  of  low  viaibiiitv  m tha  UK  from  which  ii 
has  bean  deduced  that,  for  the  approach  conditions  assumed,  a 
heltcopiar  Should  oe  able  lo  complete  appioachas  to  land  on 
about  98%  of  occasions  m the  year  Author 


N72-11920#  Air  Force  Systems  Command.  Wright  Pauarson 

AF0.  Ohio  Air  Force  Flight  Dynamics  I «h 

PROGREBB  OF  THE  U«Ar  ;.%r-UQHT  PROGRAM  LOW 


SPEED  CONTROL  TO  LANDING  ON  INSTRUMENT  IN 
HCUCOPTERt; 

Charles  A Scolatti  fn  AGARO  Heli«>pter  Guidar>ce  and  Control 
Systams  Sap  1 971  15  p rafs  (See  N72-1 1916  03  02) 

Avail  NTIS 

A functional  flight  control-display  systam  rs  dascnbad  which 
provides  the  small  and  medium  sised  helicopter  a manual-on- 
tnauument  capability  from  take  off  to  Iar>dm9  The  ditplay 
solution  IS  baaed  upon  axter>ding  the  capability  of  the  flight 
diractor  as  it  is  ampfoyad  today  m htficoptart  for  f1yir>g  fixed 
wing  type  proflIes  10  ancompast  tha  unique  portion  of  the  low 
speed  regime.  With  respect  to  automatics,  pilot  workload  has 
been  reduced  and  control  maneuverability  enharKed  by  introducing 
irtnovations  to  tha  design  of  stability  augmantetion  avsiems  m 
tha  yaw  and  collactive  channels  Tha  flight  conirr^i  display 
system  was  developed  using  beam  guidance  >n  anticipation  of 
the  upcoming  guidance  system  proposed  by  the  SC  1 ' 7 
Committee  Testing  jf  the  system  elements  is  complete  Evaluaiton 
of  the  synthesized  systarn  will  be  completed  by  the  end  of  the 
year  Work  is  beginning  on  having  user  commar»d  personnel  test 
the  system  m its  applied  form  on  two  UH-1N  helicopters  at  the 
USAF  Instrument  Pilot  Instructors  School  Author 


N72-11921/li  Ambar  industries.  Inc.  Garden  C'ty.  NY  Arms 
Div 

AN  OPTIMUM  MILITARY  HELCIOPTER  NAVIGATION 
SYSTEM 

Marvm  Taylor  in  AGARD  Helicopter  Guidance  and  Cornroi 
Systems  Sep  1971  lip  refs  (See  N72- 11915  03  02) 

Avail  NTIS 

A low-cost,  all-weather  se'-f-contained  navigaticn  system 
was  studied  m order  to  fully  exploit  the  many  military  capabtMies 
of  helicopters  Inenial.  Doppler  Magnetic,  and  Doppler- 
Cyroscopjc  Navipatipn  tystsms  are  an:'iyzed  to  determine 
parametric  requirements  (such  as  gyro  drift.  loique  seating,  and 
computer  requirements)  as  a function  of  navigation  accuracy  A 
study  of  these  alternate  candidete  systems  indicates  an  optimum 
approach  is  the  combination  of  Dopplei  velocity  with  an  accurate 
heading  indicator  uiili/mg  low  drift  gyroscopes  that  can  rapidly 
gyro  compass  to  true  North  during  ground  alignment  For 
subsonic  application  less  precise  gyro  dnh  is  required  with  this 
approach  than  for  an  equivaiertt  all-mernai  system  The  various 
system  configurations  are  functionally  defined  and  cost  vs 
performance  analysis  using  typical  parameters  is  performed  for 
the  alternate  candidate  systems  Author 


N72-11922/li  Bodenseewerk  Geraetetechnik  GmbH.  Ueberlin 
gen  (West  Germany) 

SOME  PROBLEMS  IN  THE  DEVELOPMENT  OF  AN 
AUTOMATIC  PLIGHT  CONTROL  SYSTEM  FOR  LIGHT 
HELICOPTERS 

W WeMern  In  AGARD  Hehc'jpter  Guidance  and  Control 
Systems  Sep  1971  15  p refs -See  N72  11 9 1 5 03  02) 

Avar)  NT)  5 

Some  of  the  problems  and  their  solution  are  disc-jssad 
ansirig  in  the  development  of  an  automatic  flight  control  system 
for  light  helicopters  The  control  system  is  the  FHG  14/ Stab  The 
cross  coupling  between  the  axes  makes  it  essential  to  regard  the 
helicopter  control  as  multiioop  control  er>d  to  take  account  of  all 
Six  degrees  of  freedom  of  the  vehicle  These  investigations  were 
done  With  the  aid  of  a program  drawn  up  recently  for  an*!ysii 
applied  first  to  a light  helicopter  which  is  equ'pped  with  a 
hingelass  rotor  (60  IDS)  This  type  of  rotor  shows  very  high 
control  effectiveness  and  very  fast  reactions  to  control  inputs 
Thus  It  teems  to  be  necessary  to  include  the  nonhnearities  of 
actueturs  and  hydraulic  booster  m the  investipation  and  to 
perform  a Simulation  on  the  analog  computer  Here  the  problem 
nf  ttmif  cvri«s  due  10  backlash  arises  The  limit  cycles  are 
reducer!  b,  ?'  spe^*?'  noni-negr  nerwnrlif  $o  that  they  are 

no  longer  perceived  by  passengers  Development  of  the  FRG  14 
System  was  continued  by  hardware  simulation  and  concluded 
with  good  results  m flight  tests  Author 

N72- 1 1923iV  Siemens  A G . Munich  (West  Germany) 

DIFFERENCES  AND  COMMONALITIES  IN  HELICOPTER 
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AND  FIX€0  WINQ  00PFL£R  SCNSOR  TECHNOLOGY 

K Mft«r2  In  AGARO  H»licoot«r  Guid«(v:«  »nd  CofUrot  Systems 
Sep  1971  $p  refs  (Sm  N72-1 1915  03  Oai 
Aveil  NT1S 

The  poeetbiiities  sod  limitsitoos  of  rotary  and  fixed  wing 
competible  Doppler  sensor  designs  are  discussed  Meeturement 
of  velocities  neer  tero  et  often  relatively  high  values  for  the  drift 
srtgle  *s  a requirement  for  helicopters  only  For  fixed  wing 
eircrsft  on  the  other  harxl  operation  at  high  altitjdes  at  high 
speeds  mfluertce  antenna  and  transmitter  design  The  lower 
mean  speeds  m heltcopters  put  more  woignt  on  these 
measurement  errors,  which  ere  constant  relative  to  velociiy. 
whereas  m fixad  wmg  sircrafi  m most  ctsas  maasurament  arrors 
domirtata  which  are  proportionsi  to  velocity.  In  helicopters  end 
VTOl  aircraft  fixed  antenna  installation  s ganersily  praferrad 
Wharsas  tha  usa  of  noocohertnt  pulse  systems  is  limited  to 
fixed  wing  aircraft,  continuous  wsvs  and  FM  Doppler  sensors  are 
successfully  used  in  helicopter  navigation  systems  Author 

N72- 119241  Teledyne  Systems  Co  . Northndge.  Calif 

AN  INTEGRATED  LOW  ALTITUDE  FLIGHT  CONTROL 

system  for  helicopters 

James  P Murphy.  Herman  L Walker,  and  Lawrence  A Kaufman 
In  AGARD  Helicopter  Guidence  and  Control  Systems  Sep 
1971  20  p refs  (See  N72-1 1915  03-02) 

Avail  NTIS 

After  a bnei  introduction  that  highlights  the  need  for  the 
system  sr>d  tome  design  philosophies,  the  baste  concepts  for  low 
altitude  flight  are  presented  indicating  the  modes  of  flight 
employed  by  (HAS.  terrain  following  (TF).  and  terrain  avoidance 
|TA)  This  It  followed  by  a dissertation  on  the  functional 
approach  used  to  provide  the  relatively  high  degree  of  TF 
capability  required  Slock  diagrams  ere  utilised  to  identify  the 
system  sensors,  central  computer  and  output  devices,  i.e 
displays  end  flight  controls  Prior  to  a discussion  of  the  equations 
solved  by  the  central  digital  computer  the  eqoioment 
mechcnaation  is  briefly  described  to  femiliariie  the  reader  with 
the  IHA$  equipments  A commentary  is  presented  on  the  setup 
sod  results  of  s Simulation  of  the  automatic  TF  system  aiXl  is 
followed  by  e description  and  limited  listing  of  result?  of  the 
(HAS  flight  test  program  It  is  shown  that  the  high  degree  o*  TF 
capability  provided  agreed  very  well  with  the  reeults  predi^teo  by 
snelysis  end  simufetiori.  Finally,  some  concluding  remarks  srv 
provided  to  Identify  the  significant  eccomplithments  of  the  (HAS 
low  altitude  control  system  development  Author 

N72-11929)(f  Smger  Keerfntt.  PleasanWille.  NY 
OPERATIONAL  CONSIDERATIONS  AND  APPLICATIONS 
OF  THE  TALARfR)  4 LANDING  AID  TO  HELICOPTERS 

R.  HohcJ  er>d  J.  Taylor  In  AGARO  Helicopter  Guidance  end 
Control  Systems  Sep  1971  13  p refs  ISee  N72  11915 

03-02) 

Avail  NTIS 

The  requirements  of  helicopter  operations  are  discussed  for 
usirig  the  Tfler  4 system,  currently  in  operetionel  use  by  the 
United  States  Air  Force  to  provide  e portable  lending  aid  for 
fixed  wir>g  tecticel  transport  aircraft  The  Taler  4 ground  station 
cherecteriftics  ere  presented  with  helicopter  flight  test  evsiuetions 
in  Europe  It  IS  concluded  that  the  Talar  4 system  is  capable  of 
meeting  tecticel  helicopter  operational  requirements  F.O  S 


N72-11926iK  Aeronautical  Systems  Div  . Wnght- Patterson  AFB. 
Ohio 

AUTOMATIC  APPROACH  AND  HOVER  COUPLER  FOR 
HH  B3  HELICOPTERS 

Robert  A Andes  In  AGAKO  Helicopter  Guidance  and  Control 
Systems  Sep  1971  7p  reU  (See  N72  1 1915  03-02) 

Avail  NTIS 

The  Automatic  App  ^ach  and  Hover  Coupler  which  prc^vides 
the  HH-53  rescue  helicopter  wii>'  tne  cepaliility  to  autor.etk.ally 
transition  from  forward  flight,  anywhere  within  the  HH-53  flight 
envelope,  to  a hover  over  fat  or  ro'.ii.'^g  terrain,  independent  of 
grots  weight  and  center  of  Qravity  's  d:scussed  the  approach 
coupler  design  is  based  or.  an  epprosen  trejectjry  characterized 


by  a constant  longitudinal  deceleration  of  8 knots/ seconds  and 
a constant  rats  of  descent  of  300  feei/mmute  until  e groundspeed 
of  40  kr\ois  ts  reached.  At  this  point  the  rate  of  descent  is 
reduced  to  100  feet/minute  The  hove'  coupler  provides  altitude 
retention  withm  -i  or  • 3 feet  end  zero  knot  groundspeed  within 
4-  or  • 15  knots  of  the  Doppler  radar  measured  velocity  A 
hover  trim  control  rS  also  provided  to  permit  a limited  repositioning 
Of  the  eifcrett  by  the  pilot/copilot/  crewman  during  the  rescue 
operetion  The  couplers  satisfactorily  completed  environmental 
qualificetion  tests  at  Sikorsky  Aircraft  Company.  Stretford. 
Conrwcticut.  end  c^^retionsi  test  end  evaluation  by  the  Military 
Airlift  Cornmer^d.  Egiin  Air  Force  Base.  Floiida  Author 

N72-11927I  Army  Elecirortics  Commend.  Fon  Monmouth.  N j 
TERRAIN  AVOIDANCE  RADAR  FOR  US  ARMY 
Otto  H Schoenberger  In  AGARD  Helicopter  Guidance  end 
Control  Systems  Sep  1971  t4  p refs  (See  N72-11915 
03  02) 

Avail  NTlS 

The  Objectives  and  the  conduct  of  the  U S Army's 
development  program  are  reported  for  providing  a terrain 
evoidsnee/terram  foUowir^g  capability  for  Army  rotarywino 
sirciaft  The  over  all  program  goals  are  described  Control 
aspects  of  helicopters  were  considered  in  light  of  TA/TF 
requirements  with  an  immediate  realization  of  their  importance 
in  arty  TA/TF  application  As  such,  the  control  system  was 
developed  first,  including  terrain  following  command  computation 
and  coupling  provision  to  the  flight  control  systent  A urtiqua 
method  of  iri-flight  simulation  of  terrain  and  rsd&r  sensor  was 
conceived  This  airborne  terrain  arid  radar  simulator  allows  full 
m-Pighl  evaluation  of  the  control  system,  and  offers  unhmtied 
flexibility  as  to  the  typ>e  of  terrain  over  which  the  system  is  to  be 
tested  without  subjecting  the  e>  c‘eft  and  crew  to  the  hazards  of 
testing  a control  system  m close  proximity  to  terrain  A variable 
peremeter  terrain  avoidance  lader  ts  described  to  replace  the 
terretp  and  radar  simulator  after  initial  evaluation  of  the  control 
system  The  primary  objective  for  this  radar  wbS  to  provide  a 
terrain  ten«ur  with  technical  flexibility  sufficient  to  allow  TA/TF 
perfcrmence  evaluation  over  *he  complete  performance  spectrum, 
ranging  fiom  simple  fixed  beam  manual  terrain  following  to 
sophisticated  ttmudaneous  terrain  following  and  tarram  avoidanca. 
using  transverse  profile  type  display  end  coupling  into  the  flight 
control  system  Technical  details  of  the  radar  design  ere  give.v 
including  selection  of  the  perameiers  Autltor 

N72-11928j|f  Royal  Aircraft  Establishment,  Farnborough 
(cr>{^and) 

THE  «^FF€CTS  OF  SEMIRIGID  ROTORS  OF  HELICOPTER 
AUTOSTABIU8ER  DESIGN 

H B Johnson  In  AGARD  Helicoptar  Guidence  and  Control 
Systems  Sep  1971  13  p refs  (See  N72  11915  03  02l 

Avail  NTIS 

Theoreticel  studies  earned  out  into  me  basic  problems 
posed  by  semi-rigid  rotor  designs  sre  described,  end  the 
directions  m which  automatic  stabilizers  for  thsss  aircraft  are 
likely  to  develop  ere  indicated  Two  problemi  m particular  were 
examined,  viz  the  pitching  instebriity  with  angle  of  attack  and 
forward  Speed,  erxf  the  interaction  between  aircraft  of  motion 
er>d  those  of  the  rotor  dynamics  The  latter  problem  is  cor>cerned 
wdh  the  rolling  motion  termed  the  pendulum'  mode  resulting 
pnmsrily  from  the  increased  coupling  between  fuselage  and 
rotor  It  t?  shown  that  a potential  resonance  between  the 
pendulum  mode  and  the  in-plane  blade  motion  exists  Meer^s  of 
avoiding  this  by  suitable  design  of  the  autostabihzer  are 
suggested  Author 


N72-11929/)i  Societe  Naiionale  Industrielle  Aerospatiale.  Pans 
(France) 

AN  AUTONOMOUS  NAVIGATION  SYSTEM  FOR  HELICOP 
TERS  18YSTEME  DE  NAVIGATION  AUTONOME  POl'R 
HEUCOPTERES] 

M Fourcade  In  AGARD  Helicopter  Guidance  and  Control 
Syttems  Sep  1971  8 p In  FRENCH  (Sue  N721I915 

03  021 
Avail  NTIS 
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An  autorK>fr<ou»  rtavigaiton  $/atam  which  wat  davalopad  for 
tho  SA-330  halicoptar  tt  dttcnbed  A discuMior  of  th« 
compoooou.  fur>€iK>n«.  and  aaaamiat  charactanatics  of  tha 
ayttam  la  praaantad  Flight  taat  mathods  are  conaidarad  for 
utilitalion  in  parforma.tca  daiarmination.  Tranal.  oy  K P.O 


N72-1l930f  Elliott  Flight  Automation.  Ltd  . Rochester  (England) 
Flight  Controls  Dtv 

SOME  DESIGN  ASPECTS  OF  THE  STABILITY  AUGMEN1A 
TION  SYSTEM  FOR  THE  W013  RIGID  ROTOR  HEUCCP- 
TER 

D.  Sweating  In  AGARO  Helicopter  Guidance  and  Control 
Systems  Sap  1971  12  p (See  N72  1 191 6 03  02) 

Avail  NTIS 

Soma  features  of  the  AFCS  designed  for  the  Anglo-French 
WG13  r.gid  rotor  helicopter  are  described  and  in  parnculer  those 
arising  from  the  concept  of  a modular  multi-ro'e  helicopter, 
daaigr^ad  both  for  high  speed  maneuverable  flight  at  low 
altitudes  ar>d  for  operation  m tightly  controlled  autopilot  modes 
A brief  description  of  the  system  configuration  including 
redundancy,  safety  features,  sensors,  and  actuation  syatem  is 
given  together  with  an  indication  of  system  sue  and  weight,  arid 
electronica  technology  employed  The  destg.~i  requirements  for 
the  pitch  stebility  augmentation  system  ($AS)  are  eiammed  m 
relation  to  the  conflicting  requirenients  for  tow  SAS  authority  for 
safety  egemst  the  high  control  gams  combined  with  large 
attitude  changes  required  for  stability  and  maneuverability  The 
concept  of  a collective  autostebiliaer  independent  of  the  pitch 
SAS  IS  introduced  which  alleviates  these  design  problems  of  the 
pitch  channol  and  reduces  considerably  the  effectr  of  e pitch 
runaway  The  design  of  the  roll  SAS  channel  4 similarly 
influenced  by  the  requirement  for  stability  at  high  angles  of  bank 
during  ma*‘>vuvers  while  usir>g  the  minimum  of  control  authority, 
a type  of  roll  rate  demand  system  designed  to  operate  over  a 
wide  range  of  tank  angle  js  described  together  with  the  control 
system  developed  for  the  yaw  axis  Author 


United  Aircraft  Corp . Stratford.  Conn  Avionics. 
Control  and  Support  Systems  Branch 

A FEASIBLE  FEEL  AUGMENTATION  SYSTEM  FOR 
HELICOPTERS 

Harold  S.  Oakes  In  AGARO  Helicopter  Guidance  and  Control 
Systems  Sap  1971  7 p (See  N72  11 91 5 03-02) 

Avail  NTIS 

A description  and  evaluation  are  given  of  the  feel 
augmentation  system  (FA$).  The  FAS  differs  from  most  treditionel 
eutomeiic  fliglii  control  systems  m that,  instead  of  augmenting 
the  pilot's  input  to  the  control  system  by  providing  swash  plate 
motion  to  stabilize  the  helicopter,  it  introduces  only  forcea  on  the 
pilot  s har>d  M the  pilot  resists  these  forces,  he  then  experiences 
the  feel  desired  for  cootinuMig  th«  rrianeuver  he  has  started  !!  he 
does  r>ot  resist  the  force,  the  stick  will  move  end  stabilize  the 
aircreh  so  that  it  wil<  stay  in  steady  Slate  tnmrned  flight  An 
extentive  flight  evaluation  of  the  system  m a CH-53A  indicated  s 
Significant  improvement  in  the  handling  qualities  of  (he  helicopter 
at  high  apeeds.  and  that  the  aircraft  could  be  maneuvered 
precisely  at  all  airspeeds,  permitting  the  pilot  to  use  the  entire 
V-N  envelope  D L G 


N72-11932/(i  Societe  Francaise  d'Equipments  pour  la  Navigation 
Aenenne,  NeuiMy  Sur-Sierte  (France)  Oepi  Pilotage  Melicoptere 
STABILITY  AUGMENTATION  SYSTEMS  (SAS)  (LE8 
SrSTEMES  D AUGMENTATION  OE  STASlLlTE  (SAf-)i 
Menrot  In  AGARO  IHelicopter  Guidance  and  (^nirol  Svstems 
Sep  1971  5p  In  FRENCH  (See  N72-11915  03-02) 

Avail  NTIS 

A simple  system  for  increasiiig  helicopter  stability  is 
discussmi  The  components  of  ih®  calculator  and  jack  are 
detcfibed  Trans!  by  K P 0 


N72- 11933^  Princeton  Univ  , NJ  Oept  of  Aerospace  and 
Mechanical  Sciences 


HEUCORTER  IFR  FUGHT  path  control  SYSTEM 
Th*odor  A Dukea  In  AGARO  Helicooter  QuidarKe  artd  Control 
Syetema  Sep  1971  10  p refs  (See  N72-1 191S  03-02) 

(Conireci  DA-28  043  AMC-02412(E)) 

Avail  NTIS 

Ver»ous  aspects  of  piloted  flighi  path  control.  mcludir>g 
poettior^ing.  are  discussed  cccord'ng  to  their  significance  in 
mekiivg  decisiona  about  tha  structure  of  the  control  system.  THe 
trsr.slatioiial  loop  reQuirenwms,  the  choice  of  e r>ominal  error 
coordinate  system,  and  a drtcussiotn  of  the  pilot's  role,  lead  to  a 
control  ayttam  in  which  errors  and  error  rates  are  displayed 
esplrcitly  ar>d  the  pilot  uses  essentially  acceleration  control  in  his 
metn  effort  to  control  error  rates  or  velocnies  m three  dimensions 
An  integreied  display  contains  all  the  in*ormat(on  needed  for  the 
continuous  loop  cloaurat  The  proposed  system  is  applicable  to 
trejectory  control  m general  so  that  considerable  commonality  in 
flying  various  tasks  can  be  achieved.  Author 


N72-11934I  Army  Electionics  Command.  Fort  Monmeuth.  N.J. 
Aviootca  Lai 

PRECISE  HR  HOVERING:  AN  OPERATIONAL  NEED  AND 
A FEASIBIE  SOLUTION 

William  P Keane  and  R Joseph  Milelli  in  AQARD  Helicopter 
Guidance  and  Control  Systerns  Sep  1971  9 (See 

N72-lt9l5  03-02) 

Avail  NTIS 

A man-machirve  simulation  program  was  conducted  which 
irrdicates  the  feasibility  of  developing  an  IFR  hovar  capability 
with  state-of-the-art  sensors,  controls  and  displays  Dttplay 
alterr^atives  included  a simple  hover  indicator,  a flight  director 
and  a fully  integrated  multi-colored  CRT  display  Control 
atternalives  fo'  the  Ch-54  aircraft  included  the  CH-S4  ASE  aryj 
two  alternate  systemi  employing  load  cabia  information  feedback 
arKl  velocity  feedback  IFR  hovar  was  shown  to  be  a rrasonable 
task  from  a ptlul  workload  standpoint  Displays  and  controls 
couple  strongly  m Imding  (he  best  solution  A wide  range  of 
performarice  was  achieved  with  the  best  systems  providing  a 
hovar  accuracy  of  1-2  feet  Ail  lesic  were  perToimed  under 
simulated  gust  conditions  A formal  analysis  of  varianca  was 
performed  on  the  data  These  results  indicate  the  feasibility  of 
accomplishing  more  precise  construction  and  logistical  taska  by 
the  helicopter  in  the  near  future  through  the  use  of  instrument 
hover  The  unhiding  ol  containerized  ship3  by  (he  helicopter  is  a 
possible  AppiMvation  with  both  commercial  and  military 
advantage  Author 


N72-11935jf  Bodenseewerk  Gereetetechnik  GmbH.  Ueberlin- 
gen  (West  Germany) 

ADVANCED  DOPPLER  INEHTIAL  NAVIGATION  SYSTEM 
FOR  transport  HELICOPTER 

V Krogmann  In  AGARD  Helicopter  Guidance  arid  Control 
Swtemx  Sep  1971  14  p refs  (See  N72- M9 1 5 03  02) 

Avail  NTlS 

(Conventional  ground  and  in  air  gyrocompassing  techniques 
together  with  Ooppler-mertial  nevigetion  are  (rested  briefly  Mem 
aitenticn  «s  paid  tp  optimal  ground  ertd  in-air  alignment  and 
Ooppler-iner1ial-mixir>g  At  far  as  the  optimization  is  coru:erned 
Kalman  filter  technique  with  a tan  to  fourteen  elemerx  stale 
vector  IS  compered  to  a simple  digital  filter-technique  based  on 
recursive  or  non-recursive  least  squares  Comparison  between 
(he  leasi  squere-technique  and  the  Kalmen-Mier  shows  tbat  their 
respeciive  perlormance  is  roughly  in  the  same  order  of  magnitude 
without  position  fives  The  least-squere-techrique  is  recommended 
because  its  airborne  computer  requirements  are  by  far  lower 
than  'he  Kalman-filier  loading  This  technique,  as  well  as  the 
Kaimsn-tilter  has  the  ability  to  r cover  the  position  error  ceuted 
by  initial  misalignment  and  the  performance  does  not  depend  on 
the  magnitude  of  the  initial  misehgriment  The  proposed  system 
IS  based  on  the  least-square  technique  Assuming  a 2 - 3 
rr.inutcs  g.'Ound  alignment,  tn*  op*mt'Onal  sequence  lor  *n  eir 
alignment  and  Doppler  Inertial  Navigation  is  described  The 
computer  loading  for  both  the  ground  and  m-air  alignment  of  this 
system  is  onsidered  Author 


34 


02  AIRCRAFT 


N72'11936lV  Mullaid  R»»eatch  Labs,  fledhill  (England) 

oesig:^  and  evaluation  of  a helicopter  g jidance 
AlO 

R N AlcocV.  D Altar  S J Robinsm.  and  R P Vincent  In 
AGARO  Helicopter  Guidance  and  Control  Systei^j  Sep  1971 
4 p (See  N72  1191S  03  021 
Avail  NTIS 


A d«9cription  of  the  it^icfOwave  aircraft  digital  guidance 
equipment  (MAOGEI  system  is  given  The  system  is  designed  as 
an  approach  aid  lor  V/STOL  and  li«ed  wii.g  aiicralt  and  is 
panicularty  suited  for  military  tactical  applications  and  lor  use  by 
helicuptars  A typical  MADGE  ground  installation  comprises 
three  man  p-ii-table  units  (1)  an  azimuth  approach  angle  measuring 
unit  incorporating  a transponder  and  means  (or  encoding  azimuth 
and  elevation  measurements.  (21  an  elevation,  or  gli.le-slope. 
angle  measuring  unit,  and  I3i  an  azimuth  missed  approach  angle 
measuring  unit  In  the  aircraft  there  is  a control  panel,  on  which 
the  approach  data  may  be  set  by  the  pilot,  and  a transmitter- 
receiver.  with  circuitt  (or  distance  measurement  and  (or  decoding 
the  angle  information  In  civil  aoplications  the  approach  path  can 
be  pre  set  (or  individual  aircraft  types  One  or  two  monopole 
aerials  rjependmg  on  aircraft  aerial  siting  and  observation 
problems,  are  used  to  give  wide  angle  coverage  0 L G 


N72  1193711  Moneywell.  Inc  Minneapolis  Mmn 

FLIGHT  TEST  OF  A HYDROFLUIOIC  THREE-AXIS  DAM(*ER 
ON  A HELICOPTER 

R A Evans  and  G W Fosdick  In  AGARO  Helicopter  Guidance 
and  Control  Systems  Sep  1971  12  p refs  (See  N72-119'5 

03-021 
Avail  NTIS 

Tests  were  conducted  on  a fried  gain,  three  airs  hydroduidic 
stability  augmentation  system  (FSASl  in  a UH  1C  helicopter  The 
rSAS  used  a vorlei  rate  sensor,  two  or  more  stages  cf 
amplification  and  various  shaping  networks  (lag  lag/lead,  and 
high  pass!  m each  o(  the  (hiee  aies.  all  mechanized  with 
hydrofluidics  The  system  was  designed,  developed,  bench  tested 
and  qualilied  for  the  environment  Reltabilily  testing  previously 
conducted  estimated  MTBF  at  83  000  hours  per  ans  (eicludmg 
sorvoaclualof)  Flight  lest  results  indicate  pilot  approval  operation 
over  all  airspeeds  including  hdver  and  eicellent  handling 
qualities  The  FSAS  performance  was  fared  as  better  than  that 
of  the  mechanical  stabilizer  bar  by  the  pilots  Predicted  mgh 
reliability  was  supponed  by  a CO-hour  trouble-free  fluidic 
controller  operation  Author 


N72-11938it(  Computing  Devices  o'  Canada  Ltd.  Ottawa 

(Onlaiio)  

PROJECTED  MAP  NAVIGATION  IN  MILITARY  HELICOP- 
TERS: APPLICATIONS  AND  OPERATIONAL  EXPERIENCE 

R I MacNab  and  J C Aleiander  In  AGARO  Helicopter 
Guidance  and  Contiol  -ystems  Sep  1971  10  p 'efs  (See 

N72  11915  03  021 
Avail  NTIS 

Eitensive  il-gh;  eiperience  has  confirmed  ttie  feasibility  of 
the  projected  map  navigation  ^ysrems  (PMS)  as  ideally  suited  for 
n.ilitary  tactical  aircraft.  paniculaHy  helicopters  The  reasons  lor 
thi»  conclusion  are  explained  in  detail,  and  by  documented 
comment  liom  llighi  trial  reports  Tre  basis  lor  concluding  that 
the  PMS  are  (undamenially  supenor  to  present  day  conventionat 
navigation  systems  is  also  explained  In  addition  a lecommenda 
lion  IS  made  for  implementing  a parncular  projected  map  system 
which  has  been  developed  to  the  Oyable  prototype  stage  0 I G 


N72  11939f  Centre  d Essais  en  Vol  Brengny  Soi  Oige  (Fiantel 

experience  of  the  FRENCH  FLIGHT  lESI  CENTER  IN 
ALLWEATHER  HELICOPTER  LANDING  lEXPERIENCE 
DU  CENTRE  O ESSAIS  EN  VOL  FRANCAIS  DANS  LE 
OOMAINE  OE  L ATTERRI3SAGE  TOUT  TEMPS  SUR 
HELICOPTEREI  ‘^21 

P Bloch  In  AGARO  Helicopter  Guidance  and  Control  Systems 


Sep  1971  6p  In  FRENCH  (See  N72  1 1915  03  02) 

Avail  NTIS 

Approftch  And  lAnd<og  undet  bad  visibility  conditions  was 
the  ob|Oct  of  numbrous  tests  for  more  than  ten  years  The 
performance  and  safety  of  systems  was  evaluated  with  an  eye  to 
their  certificf Iron  A five-year  study  on  the  utilization  of  a 
radioeiecironic  rectiimear  array  for  helicopter  guidance  is 
discussed  Transl  by  K P O 


N72‘1S9S6#  AdviMry  Group  for  Aaroepace  Aasaarch  and 
Davak>pmant.  Pant  (Franca) 

OPTIMALITY  CRITERIA  IN  STRUCTURAL  DESIGN 
W Prager  (Brown  Unrv.)  Dec  1971  16  p refs 

1AGARO  R-5B9-71)  Avail  NTIS 

The  derivation  of  optimatity  conditions  from  extremum 
principles  of  Structural  thaoi>  is  reviewed,  with  specie!  emphasis 
on  coixjitions  for  global  optimality  Following  a brief  introduction, 
the  optimal  design  of  sandwich  structures  is  discussed  for  a 
single  behavioral  cor^stramt  and  for  multiple  constraints  Structural 
elements  with  solid  sections  are  dealt  with  in  a separate  section 
In  addition,  a three-dimensional  problem  is  investigated  that 
trKiudes  many  problems  of  optimal  structural  design  as  spaciai 
cases  A final  section  praser^ts  the  previously  considered  optimality 
crderta  m a umfiad  way  that  frequently  suggests  the  form  of 
optimality  conditions  in  new  situations  Author 

N72-2097e#  Advitory  Group  lor  Aonapaca  RMMrch  and 
Davalopfnanl.  Paiia  (Fzanca) 

FUQHT  TEST  TECHNIQUES  A«aid  Confaianos  Proooadlngs 
Fab  1671  239  p nfi  Papare  piataMad  at  tha  38th  Maating 
al  tha  Right  Macharaca  Panaf  ol  AGARD.  Toulouaa.  10-13  May 
1971 

(AGARO-CP-SB)  Av'il:  NTIS 

Tha  procaadinga  a confaraida  on  aircraft  Bight  taat 
tachniquaa  ara  praaantad  Subiacta  docuaiad  ara:  (II  ataMity 
and  controf  taaia  with  amphMia  on  auparionic  and  V/STOL 
amrafl.  (2)  parformanca  maaauramanta  of  aitramalv  faat  aircraft. 

<31  gfi^tno  raantry  vahida  tacta.  14)  aircraft  carriar  oparational 
auhabitrty  taat*.  and  (6)  avafuatkm  of  air  braathing  propuiaion 
ayatama  Data  raduction  for  datarmining  tha  aaroxiYnamic 
charactariati.;a  of  aircraft  arxl  compariapn  with  wk-id  lunnal  taat 
raautta  ara  amphaaiiad  Tha  viawa  of  paraonnaf  from  taat  pilot 
•choota  ragarding  flight  taat  procaduraa  ara  includad  For  individual  < 

maa.  aaa  N72-20977  through  N72-2099e 


N72-20977I  Boaing  Co  . Soattla.  Wash  Right  Taat  Enginaaring 
. Opefstione 

STASIUTY  AND  CONTROL  747  FUOHT  TESTING 
0 0.  Archar  In  AGARD  Right  Taat  Tach.  Fab.  1972  12  p 

ISaa  N72-70978  12  021 
Avail  NTIS 

Tha  baaic  davalopmant  and  FAA  cartihcatxxi  flight  taat 
program  of  tha  747  aircraft  waa  cortductad  uaing  fiva  taat 
airpianaa  m an  intanaiva  program  invoiviryg  1443  flight  houra  and 
a total  of  10-2/3  montha  of  flight  taatmg  Eoch  airplana  waa 
irwlrumantad  to  parform  aaaignad  taaka.  and  aufficiant  duplication 
m inatrumantation  waa  providad  to  allow  flaiibilttv  in  ro-aaaigniiyg 
loata  for  achadula  changaa  dua  to  davalopmont  corttiryganciaa 
Stabdity  and  control  taata  ware  conductad  on  tour  of  tha 
airptanoa  and  conaratad  of  90  houra  of  davalopmant  taaU  and  72 
houra  of  FAA  laata  lor  a total  of  162  houra.  In  adddon,  airplana 
handling  chartctaiialica  htva  ainca  batn  avaluatad  by 
canrheation  authortiita  of  Grtat  Brtttin.  Franca,  and  Garmany 
Al  pilota  wf»  hava  parlicipatad  in  I7a  taat  programa  havt 
judgad  tha  flight  handing  charactarittica  ta  axcafitnt.  Author 


N72-20S7S#  Aaroapatiala  Uaiivaa  da  Toulouaa  (Franca). 
METHODS  OF  UTIUZINO  THE  RESULTS  OF  FUOHT 
TESTS  FOR  THE  STUDY  OF  FUOHT  PERFORMANCE  OF 
THE  CONCORDS  SUPERSONIC  TRANSPORT  (METHODES 
O'UTIUSATION  OES  RESULTATS  O'ESSAIS  en  VOL  POUR 
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lITUDt  OIS  QUAUt’C*  Of  VOL  Of  L'AVION  Of 
T1IAt39RO«T  tuniltONiOUf  CONCOROt) 

A Oaqua  and  C.  Riln>i«l  /n  AQARO  RtgM  Tm  TacA.  Fab. 
1*73  It  a In  FRfKCH  ISaa  N72-2OO70  12-02) 

Aval:  ND8 

Tba  daatlc  pafaaiaiafa  of  fithi  ntacbanlca  faoonlad  onboanl 
da  CoMOKlo  Mb  oomparad  to  ihoaa  ebta«ad  by  ountdabon. 
Oata  eooar  aatodyramte  ItniAabata.  Mabiity  and  eontnd  avatana. 
and  tnabwnani  paHonnanoa.  AJao  Qnan  aaa  tha  Fipla  pa^anatata 
uaad  « atudy  lha  HgM  quaiaiaa  and  iLa  madaraaiicai  medata 
gaad  to  daiaotona  Cam.  Raaulta  aftoa  amal  dMa«anoaa  in  toim 
and  piartoton  aecuiacy  of  tfa  two  moftioda.  Tranal.  by  E.H.W. 


N72-20t7t#  Ak  Foica  Flight  Taat  Cantor.  Edwanto  AFt.  Calif 
AN  ARRROACH  TO  tTALL/tflN  FLIQMT  TftT  OF 
MANfUVtlllNQ-TVPE  AIRCRAFT 

Ootal  E.  McEbov  /n  AGARO  Fti^  Taat  Tach  Fab.  1t72  « 
p ratoltaa  N72-20f7e  12-021 
A«ad:  NOS 

Frooaduraa  For  modifying  tha  oorwantionai  ataf  and  apin 
typo  of  fighi  toata  on  high  parformanca  aircrafi  ara  piaaaniad. 
tpacWe  aapacta  of  tha  atal  and  apin  uata  ara:  ( 1 ) avaluction  of 
natutaf/artMcM  atal  warning  that  indieataa  tha  approach  of 
ntotomum  uaabto  NR.  (21  datarminaiion  of  tha  angla  of  attack  for 
maalmum  uaabto  NR.  (3)  avaluation  of  naturaf/artWieM 
Inaa  of  nontml  warning  ar«d  taatt  of  daparturo  provantion  dprica. 
and  (4)  datannination  of  al  poaaibfa  out-of-oontrof  awantt  and 
aflacthto  rarcuary  lachrtiquaa.  Ejiamplaa  of  tha  oor-trol  application 
and  Maf/dapam.ro  antry  condittona  tor  four  oortohiorw  ara 
datalad.  Author 


N7K-20M0#  Hawkar  SiOdalav  Aviation.  Ud..  Kingaton  upon 
Thamaa  (Cngtoiidl. 

rtff  HARRIER  - SOME  AtRECTt  OF  V/STOL  ETASIUTY 
ANO  CONTROL  FUOHT  Tf  mNO 

R.  J.  talmor  /n  AQARO  Right  Taat  Tach.  Fab.  1972  11  p 

ratolSaa  N/2-2097«  12-02) 

Avail:  Kns 

T)m  dynamte  ataMity  of  V/STOL  oire':;i  in  gcnoral  and  a 
daaciiptlon  of  tha  aarodynamic  charncuriatica  of  tha  P-1127 
aircraR  ara  pmanwd.  Oia  tr<:!.mquaa  uaad  for  tha  initial 
hovaring  and  iianaition  fl<$na  of  tha  P-1127  aro  daacnbad  Tha 
davafopmant  of  tha  Harrinr  ai'C'nR  from  lha  P-1127 
oanRcurtUon  > diacutaad  Ejtamrtoa  ara  o'***'  of  aoma  of  tho 
■pacfol  ataMity  and  control  tachnpura  uaad  during  davafopmant 
of  tho  Harrior  aircraft  Special  coi-kr.it  inatru  manta  and  onboard 
flight  data  racordar*  ara  dtKrfoad  Author 


N77-20M1#  OcKTHtr-Warka  Gm  b H . Frwdrichahaftn  (Waat 
Garmany). 

FUOHT  TESTS  OF  THE  PEl..' '.WVIANCE  OF  THE  00-21 
AIRCRAFT  (EtSAIS  SUR  LES  QUAUTES  Of  VOL  OU  00 

»■> 

r..  Oragtnow  In  AGARO  Right  faat  Tach.  Fab  1972  9 p 

In  FRENCH  (Saa  N72-20976  12  02) 

AvaN  NTIS 

A ifoacriptinn  a givan  of  tha  program  uaad  to  analyxa  lha 
INghi  charactariatics  of  lha  VOTOL  aircrafi  00-31  Studiaa  wara 
mada  of  lha  prirKi<3iaa  of  control  and  ctabtlity  and  lha  liaitt  of 
larga  arvl  amaN  flying  taati  Tatta  for  a protolypa  00-31 E.  ara 
inctudad.  Tranai  byEHW 


N72-20M2#  Aaroapatiairi  Utinat  da  Toufouu  (Franca) 
MEASURE  OF  PERFORMANCE.  METHODS  OF  ANALY9(E 
ANO  APPUCATION  TO  THE  CONCORDE  (ME9URE  OES 
PERFORMANCES.  METH00E8  0'E8SA(S  EN  VOL 
APPUQUEEE  A CONCORDE) 

J TourraWa  and  R lang(ada  In  AGARO  Highi  Taat  Tach. 
Fab.  1972  19  p In  FRENCH  (Saa  N72  2097«  12-021 

AvaN  NTIS 

Tito  phrKipto  taat  mathoda  uiaijad  in  .'afotpaca  to  maaaura 
lha  parformanca  ol  tha  CorKOtda  aircraft  ara  praaantad  Oala 


covar  oparatianat  parformanca.  takaofl  ana  lanikng  traiactenaa. 
and  tha  pracaton  of  inctrumanit  nacaiaary  to  calculata 
parformanca.  Tranal  by  E H.W 


N72-20A93*|  NationU  Aanmautics  and  Spaca  Adminiatration 
Fligirt  Raaaarch  Cantar.  Edwardt.  (Ulil 

TtCHNinUES  FOR  THE  EVALUATION  OF  AIR-SREATHINO 
PROPULSION  SYSTEMS  IN  FUU-SCAIE  FUOHT 
Donald  R Balfman.  Frank  W.  Burefam.  Jr.,  and  Norman  V 
TaiSan  In  AGARO  Right  Taat  Tach  Fab.  1972  15  p tala 

fSaa  N72  20976  12-02) 

INASA-TM-X-66306)  Avail:  NTIS  CSCL  21A 

Tachmquaa  for  avalualing  air  braathing  piupulaion  ayatama 
in  full  acala  flight  ara  dracusvad  Eutnplaa  of  flight  taat 
UchniQuaa  bamg  uaad  to  maamum  tha  porfwmanca  of  luitxifat 
pnipulaion  ayatama  ara  praaantad  Includad  ara  tha  datormination 
of  |at  angina  thrust,  tha  atudy  of  mlat  praaaura  phsmmsna.  tha 
maaauramant  of  aahauat  noiala  characlanatk:a.  jnd  tha  usa  of 
tufts  al  tupsraonic  tpaadt  A flaw  diagram  ol  a gat  ganarttor 
mathod  of  thrust  calculaiion  n -lluairaMd  Author 


N72-20984j)l  Cantra  d'Eiaais  on  Voi.  Braligny-aur-Orga  (Franca). 
SOME  ASPECTS  OF  FUOHT  MEASUREMENTS  ANO 
CAUBRATIONS 

J F Rartaudia  In  AGARO  Right  Teat  Tech  Fab  1972  12  p 

(Saa  N72-20976  12-02) 

Aval)  NT)S 

Tha  ca)ibiatK>n.  app)ication.  and  )irnnationt  of  matruments 
‘jsad  for  flight  tasti  ara  docutaad  lha  vtnout  aapacta  of  flight 
lasting  which  ara  praaantad  are  1 1 ) aiiapaed  maaauramant. 
alhctt  of  almotpharic  praaaura  at  tupeiaonic  apaad.  (3)  airora 
intioducad  by  pitot-atatic  boom  Socaiion.  (4)  timoaphtric 
caiibiai<cn  rurvaa  for  high  arid  low  altitude,  and  (b)  correlation  of 
flight  last  and  wind  tunnel  taat  data  Tha  main  aourca  of  snora 
in  various  aapacta  ot  flight  taating  are  auminad  and  cortactiva 
actions  ara  recommandad  Author 


N72-2098SI  Air  Force  Flight  Test  Caniti.  Edwards  AFB.  Calif. 
Parformanca  and  Rying  Qualnioa  Branch 

CRUISE  PERFORMANCE  TESTING  OF  ADVANCED 
AIRCRAFT 

Richard  R Hildeb.ind  In  AGARO  Flight  Taat  Tech  Fao.  1972 
12  p ral  (Saa  N72-20976  12-021 
Avail  NTIS 

The  expandad  parformanca  capab<!.iiet  of  modarn.  high 
parformanca  airciah  have  nacaaaitated  tlia  davafopmant  of  flight 
last  lachniQuat  and  methods  of  data  am'lyiii  anj  praaantttion 
which  differ  horn  ihoaa  traditionally  emi.!''/ed  The  vsriabls- 
gaomatry  wing  of  tha  F ill  praaantad  the  flight  taat  snginaar 
with  tha  probiam  of  rlafining  and  praoanting  cruiaa  parformanca 
for  a poiantially  mfinna  number  ol  diflsrsntty  configured  sirpianas 
Tha  imroduclion  of  aircrth  apacilically  datignad  to  cruiaa  at  high 
tupaiaonc  Mach  numbaia  preMniad  tlill  other  proUamt  Soma 
of  lha  proNama  ancounterad  and  aolutiona  davaiopad  dunng 
flight  lasting  of  such  aiicrafl  at  the  F-111.  B-bS.  and  SR-71  are 
Msaamad  Author 


N72-209SS*!  National  Aaionautict  and  Spaca  Adminiatration. 
Flight  Raaaaich  Omar.  Edwanto.  Calif 
UFTINO  BODY  FLIGHT  TEST  TECHNIQUES 
(Sarrison  P Layton.  Jr  and  Mihon  0 Thompson  In  AGARO 
Flight  Teal  Tach  Fab  1972  9 p rafa  (Saa  N72  2097S 

12-021 

(NASA  TM  X B03O6)  Avail  NTIS  CSCL  01B 

Specific  tachniquet  and  procaduraa  for  conducting  flight 
taatt  ol  lifting  body  type  aircraft  its  praaantad  Tha 
chartctsrialics  ol  tha  aircraft  in  trinaonic  art)  tupartonic  flight 
ragKMit  were  invaatigatad  The  data  collection  and  anatyaia 
ttchniquaa  with  which  tha  flight  raauht  ware  tnalyiad  ara 
outlined  Includad  are  analog  and  digital  matching  tachniguai  for 
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darivativ*  (xtraction*  tnd  • mathod  for  ailracting  Ml  and  d'ag 
dau  Piablama  ancoumarad  in  iha  flight  tatt  prognrr  and 
malhoda  for  aohnng  thaaa  probtama  ara  dMCuaaad.  Author 


NT2-20M7I  Aaroapaca  Engttraanng  Taat  Eatabtiahmant.  Ottawa 
(Ontario) 

ACCCflTAffCC  FUOHT  TEmNO  OF  MIUTAHY  AlftCRAFT 
E J Smnatt  and  L V P GaMn  lUSABPA.  Ft  Worth,  Ta* ) In 
AGARD  Flight  Tatt  Tach  Fab  1972  4 p ISaa  N72-2O970 

12-021 
Avail:  ffns 

Tha  a^xaptanca  flight  tatt  procaduiat  davatopad  tiKl  uaad 
by  tha  Canadian  Arinad  Forcat  ara  pratantad.  Tha  lacfutiquat 
aia  appliad  to  all  aircraft  on  initial  dalivary  artd  following  repair 
and  ovarhaul  to  anaura  proper  operation  of  all  aircraft  ayatamt 
by  logical  lunctiorwl  chacka  and  quality  control  procaduraa  Craw 
raquiramanta  for  performing  the  flight  teiti  are  outlirtad  Author 


N72-209MI  Naval  Air  Taat  Cantar.  Patuiant  flrvar.  Md 
Carrier  SuitabiliTy  Brartch 
CARRIER  SUITABIUTY  TESTS 

Roger  M Oackar  In  AGARD  Flight  Teat  Tach  Fab.  1972  16 

p ISaa  N72-20976  12  02) 

Avail:  NDS 

A raauma  of  taatt  performed  to  datermirw  tha  turtabilrty  of 
an  airplane  for  launching  and  racovary  oparttiona  in  aircraft 
carhari  it  pratantad  Carrier  aurtatMlitv  tatting  invohraa  for  tha 
moat  part  tha  blandaig  of  tha  pilot/airfrtma  combination  with 
apacial  aquipmant  in  thit  unique  anvironmant  Flight  taat  matfioda 
uMliad  to  dahna  the  performance  and  hartdling  qualiliet  of  an 
airplana  ara  not  unique  and  are  gnran  only  curaory  tiaatmant 
Critaria  which  thould  be  conaidarad  in  Iha  daaign  of  earner-bated 
aircraft  tc  at  to  most  astvantageousty  match  ari  airplana  to  the 
carrier  anvironmant  ara  pratantad  Author 


M77-2098SI  Air  Force  Flight  Teat  Cantar.  Edwards  AFB.  Calif. 
FIfOHT  TESTING  FOR  TURNING  PERFORMANCE 
Roger  C.  Crane  M AGARD  ( light  Teat  Tech.  Feb  1972  10 

p laN  (Sea  N72-20976  12-02) 

Avail  NT)S 

Tha  types  of  performance  teat  manauvera  uaad  for  evaluating 
the  turning  capability  of  military  aircraft  ara  presented  Tha 
application  of  the  turning  parformanca  tachniqua*  to  F-104.  F-4, 
F-4E.  tnd  F-1110  aircraft  ii  diacuaiad  The  tachniquaa  for 
ilatarmining  tha  turning  limitalioni  impoaad  by  airframe  lift  and 
angina  thrust  production  are  daaenbad  Author 


N72-20SS0#  Royal  Aircraft  Establahmani.  Bedford  (Englardl 
STABIUTY  AND  CONTROL  TESTS  ON  A SLENDER  WING 
RESEARCH  AIRCRAFT 

P L Bitgood  In  .AGARD  Flight  Tatt  Tech.  Fab  1972  13  p 

raft  (Sea  N72-20976  12-02) 

A"til  NDS 

A vtr  tty  of  flight  taat  tachniqua'  hat  been  uaad  to  maaaura 
tha  atabifiiy  and  control  characterialic.  J a alandar-wing  raaaarch. 
aircraft  at  part  uf  a program  timed  at  comparing  wind  tunnel 
artd  flight  maaturamants  Oenvtlivaa  obtained  by  tllamttiva 
methods  n flight  utually  showed  -atiafactory  tgraamant 
Conventional  methods  of  dtrnratrvs  axtracuor  proved  adequate 
in  areas  where  miror  non-linaarttiea  occurred  in  tha  aarorfynamic 
coaffleiants.  Where  more  pronounced  non-linaaritiet  exist,  as  in 
tha  longitudinal  case.  Iha  reaulta  inrheata  that  corrvtntiortal 
tachniquaa  may  not  be  antiiely  adequate  Author 


N72-2(7991f  Fiat  S.p  A.,  Turm  (Italy).  Flight  Mechanics 
Enginaaraig. 

AN  INTEGRAL  METHOD  FOR  EXTRACTION  OF  AEROUY 
NAMIC  COEFFICIENTS  FROM  FU0HT-TE8T  DATA 
G P Foroni  In  AGARD  Right  Tatt  Tech  Feb  1972  6 p 

raft  ISaa  N72-20976  12-02) 

Avail  NTIS 


Tha  a^ication  of  tha  aquationa  of  motion  meihoift.  which 
in  tha  praxis  are  tha  moat  advantageous,  shows  soma  ddflculboa 
and  ttHuiaa  in  ttra  affect hranaas  tnd  generality  of  arr^teymant.  In 
ofdsi  to  oveicoma  thaaa  daliciaivtiat.  altar  a short  review  of  tha 
principai  mathoda.  an  intagfal  procadura  hat  bean  davatopad. 
wtach  a a synthstia  of  the  Fouriar  Transform  and  Shmbrot's 
mathoda;  and  it  hat  alio  all  tha  advantagai  of  thorn.  Tha 
method  accuracy  haa  than  baan  unproved  by  applying  an 
opbmdalion  procata  of  tha  mathamatical  modal,  btaad  on  tha 
O H.  Gailach  conilation-coanicianta.  Author 


N72-20M2#  Tachniacha  Hogaschool.  OaHt  (Nathaflanda). 

THE  DETERMINATION  OF  STASIUTY  DERIVATIVES  AND 
PERFORMANCE  CHARACTERISTICS  FROM  DYNAMIC 
MANCEUVRES 

O H Gsnsch  In  AGARD  Right  Test  Tech  Fab  tS72  23  p 
refs  (Sea  N72-20976  17  02> 

AvaH  NTIS 

Thraa  (raquency  ranges  ol  intarast  to  the  flighl  dynamiciat 
ara  dislinguiahad  (1)  the  low-frnqusncy  or  phugoid  and  spiral 
mode  Iraquency  range.  (2)  the  intarmadiata  or  ahott-psnod  arxl 
Dutch  roil  Iraquancy  range,  and  (3)  Iha  lugh-lraquancy  or  alattic 
modaa  (raquency  range  Until  today  moat  flight  teals  (or  tha 
datarminaiion  of  slabdity  darhrativai  have  baan  diractsd  towsrda 
Iha  intarmadiata  frequency  range  Since  for  vatioua  roaaons  Iha 
fraquartcy  ranges  show  an  incraaaing  (rand  to  ovsrlap  for  asvaral 
claasaa  ol  modem  aircraft,  flight  taat  lachniquas  suitaUs  for 
mors  than  one  fiaquaiKy  range  may  wall  racarva  more  attention 
Flight  laau  to  determine  darivsinras  in  tha  combrnad  low  and 
intaiinadinle  (raquancias  are  described  Tha  imponanca  of  accuratt 
maasuramants  srvf  of  an  adaqusie  frequency  contsnl  ol  tha 
input  aignsi  in  tita  fliglil  lasts  is  strsssad  Tha  rttionsla  behind 
tha  choice  of  tlia  shape  of  tha  input  signal  used  m the  flighi 
teats  IS  given  The  application  of  Iha  derrvativaa.  not  only  lor 
slabilrty  and  control  purposes,  but  also  lor  the  datarminaiion  ol 
parformanca  charactarislies.  is  discussed  Author 


N72-20993||l  Centra  d Esisis  an  Vol,  Isirae  IFranca) 

SCHOOL  OF  NAVIGATION  PERSONNEL  FOR  TESTS  AND 
RECEPTION  (L'ECOLE  DU  PERSONNEL  NAVIOANT 
O'ESSAIS  ET  DE  RECEPTION) 

Francoia  Cousaon  In  AGARD  Flight  Test  Tech  Fab  1972 
1 1 p In  FRENCH  ISaa  N72-20976  12-02) 

Aval)  NTIS 

Tha  formation  ol  a FrerKh  scliooi.  necessary  to  train 
navigation  spacialisti  in  flying  techniques,  la  discuaaad  Tha 
fchooi  It  open  to  foreign  personnel  on  an  equal  basis  T)ia 
patticulsr  characisristics  nacataary  for  the  administration  of 
flying  instruction  on  the  ground  and  in  the  air  ara  included 

Trsnat  by  E H W 


N72-20994j|f  Air  Force  Flight  Test  Center.  Edv/arda  AFB.  Calrf 
US  AIR  FORCE  AEROSPACE  RESEARCH  PILOT  SCHOOL 

Spancs  M Armstrong  /n  AGARD  Flight  Teat  Tech  Fab  1972 
8 p (See  N72-20976  12  02) 

Avail  NTIS 

Tha  oigsncstion  and  operation  of  Iha  'J  S Air  Foret  Test 
Pilot  School  SI  Edwards  AFB.  California  it  diacusaad  Subtacit 
praaanled  srj  111  tha  mission  of  Iha  school.  (2)  the  stsH.  (31 
sludant  quslificalion  (4)  the  curix:ijlum,  (6)  tha  flying  pn^um. 
end  (6)  methods  of  instruction  Additional  diacutaion  ia 
presented  on  the  sssignniani  of  studanta  after  graduation  and 
future  plans  lor  the  school  Author 


N72-20996/II  Roysl  Air  Force.  Famborough  lEf^artd) 
TRAININO  PILOTS  TO  ASSESS  FUOHT  SYSTEMS  AT 
THi  EMPIRE  TEST  PILOTS'  SCHOOL 

A A Qark  In  AGARD  Flighi  Test  Tech  Fab  1872  6 o (Sea 

N72  20976  12  02) 

Avail  NTIS 

Tha  syllabus  and  training  curriculum  for  tha  Ert^iira  Taat 
Pilot  School  in  England  it  pretamad  One  aapact  of  tha  training, 
which  IS  identiriad  at  aatassmant  of  flighi  syatama.  it  ti-rhsaiiaif 
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^**o*ra*  oi  itM  •yMm  M«:  (1)  a giound  training  program  in 
ayatama  and  eoniiol  onginaocing.  <2i  an  autapAol  imraatigation 
anarch.  (3)  two  aimiriaior  aaarciaaa.  (4)  an  intligM  autopara 
aaaiiainirii.  attd  (Si  a Sight  path  contrai  ayaaam  -TT~n-  i l 


Cntana  ara  raviewtd  to  minimua  tuch  lots  tor  tht  davaioTtnant 
of  optimal  mlti/airirtma  oarformattca  Spacilic  problamt  rtlalifts 
to  lha  lubaoniC'lianaonic  flight  regima  and  tha  luparaonic 
lagima  ara  mcludad  Author 


N72-20MCI  Naval  Air  Taat  Cantar.  PatmarM  Rhrar.  Md. 

U*  NAVAL  TC«r  PILOT  TRAININO 

Robart  V.  SaSoda  /n  AGARO  Night  Taat  TarA.  Fab.  1972 
IS  p (Sm  N72-20976  12-02) 

Avad  NDS 

Tha  phioaophy  of  inatruction.  aa  it  pa-mird  to  tha 
of  U S.  NavN  anginoaring  taat  pdola  and  arvnaara  it  diacipaad. 
Salaetlon  procaaaaa.  tha  oompoaitian  of  ciaaaoa.  and  lialailail 
acopa  of  both  acadamic  and  flight  (flxad  and  rotary  taing)  ayflabi 
ara  Pdudad.  Tha  float  of  aircraft  P daacrlCad.  along  wtth  tha  uaa 
of  aach  particular  airplana-typa  in  tha  curriculum.  Alao  prouMad 
• a racant  atafl  raorganitation  artd  mt|or  plarta  lor  tha  lutura 
which  win  tubatamiaPy  improva  tha  atuiant  aducation  and  Navy 
taat  pilot  utilization.  Author 


N72-27014I  idyitorv  Group  tor  Aaroiptca  Raaaarch  and 
Oavalopmant.  Pant  (Franca). 

AIRMAME/ENGINE  INTEGRATION 
A Farn  May  1972  197  p raft 
(AGARO  LS-631  Avail  NTIS  HC$12<X) 

AnalytictI  and  aaparimantti  mathoda  for  mvaaligating 
intarfaranca  problamt  in  airplarw  daaign  optimijttion  ara  raportad 
Co«n*darad  are  miat  tifpitna  intarfaranca,  nottia  gaomatry  and 
aihauat  iat-airpltna  miarfatanca  dynamica  of  angina  and  airplana 
eharaetaratiea  For  individual  mlaa.  laa  N72-27017  through 
N72  27023 


N72-27019  Aiicrah  Raaaarch  Aaaociation.  Ltd  . Badlord 
(England) 

EXPERIMENTAL  DETERMINATION  OF  INLET  CHARAC- 
TERISTICS AND  INLET  AND  AIRFRAME  INTERFERENCE 
E C (Urtar  M AGARD  Airframa/Engina  tntagiation  May 
1972  24  p rata  (For  availabililY  aaa  N72-270I6  18-021 

Tha  loDowing  aaparimanlal  mathoda  ara  conaParad 
Maaauramant  of  tha  intarfaranca  of  tha  mlai  on  tha  airframa. 
maaautamant  of  lha  miarlatance  of  the  airframa  on  tha  mini,  and 
maaauramant  of  lha  parformanca  of  tfia  mlat/ airframa  combi rwiion 
at  a whola  The  uaa  ol  complete  aarodynamic  force  modala  and 
partial  modala  it  discuatad  mcluding  tha  drag  uaa  ol  fu!'  and  half 
modal  tunnal  ttchniquat  Ptriicultr  altantion  it  given  to  drag 
Shortcomings  ol  lha  pratani  tachniquaa  ara  pomiad  out  and 
ahatnatnra  propotala  tie  made  where  poatibla  Authcr 


f-72'27020  Maaaatachmin  BoalLow.Blohm  GmbH.  Munch 
(Waal  Gatman-rl 

N022LE/AiriFRAME  INTERFERENCE  AND  INTEGRATION 
Faliii  Aulahia  and  Kurt  Lolar  /n  AGARO  Airframa/ Erigina 
Intrgration  May  1972  25  p raft  (For  availabilitv  aaa 

N72-27016  18  021 

Tha  mam  paramatara  involved  in  the  intarfaranca  ba*waan 
in.arnal  and  axtamal  flow  ara  diacuaaad  Alao  conaidarad  m how 
ttiaaa  parameteis  in  principla  attect  aharbody  drag  Than  tha 
oalinilion  of  laar  and  drag  la  given  m tha  cor.ventmnal  wny  and 
alao  in  a more  relative  manner  approaching  the  physical 
optimum  For  conligurtliont  with  tingle  and  twin  artgmaa 
maitllad  m the  'tar  and  ol  tha  luttitge  wind  tunnal  leal  reauha 
lor  various  nozzle  concepts  are  ptetaniad  and  diacuaaad  The 
gaome'ric  variations  in  theta  tetia  compnaa  boanail  angle,  ana 
and  Ipcation  of  thi  bate,  nozzle  mtarfairingt  and  angina  spacing 
Proper  consideration  ol  theta  geometric  ptramtiart  in 
nozzl'i/airlrame  iMagralion.  rtducat  additional  ahaitoofly  drag 
draaiically  in  the  riantorric  flight  regime  Author 


N72-27017  New  York  Univ  , N V 

ENGINE  AIRPLANE  INTERFERENCE  DEFINITION  OF  THE 
PROBLEM  AND  RELATED  SASIC  FLUID  DYNAMIC 
PHENOMENA 

Antonio  Fern  In  AGARO  Airframa/ Engine  Intagralion  May 
1972  12  p raft  (For  availability  aaa  N72  27016  18  02) 

Ths  lack  of  aimulation  of  the  engine  flow  miroducaa 
subataniial  diflarancaa  between  the  aarodynamica  ol  the  actual 
airplane  and  ol  the  modal  laaied  Charactenatica  related  to  the 
intarfaranca  between  an  airplane  and  the  angina,  and  thair 
alfacte  on  the  calculated  performance  of  the  airplane  ara 
inlagratad  into  analog  and  digital  elmulaiion.  where  the  wmd 
tunnal  or  taat  atand  providea  analog  data,  to  improve  the  reaulit 

GG 


N72-2701S  Air  Force  Flight  Oynamict  Lab.  Wrighi-Pallaraon 
AFB.  Oh« 

INUT/AIRPLANE  INTERFERENCE  AND  INTEGRATION 
Philip  P Anionatoa.  Lawit  E Surbai.  and  Donald  J Slava  In 
AGARO  Airframa/Engina  Intagralion  Moy  19/2  64  p aft 

(For  availability  aaa  N72. 27018  IS  02) 

Tha  baaic  tachno'ogical  problamt  and  potential  aolui  ont 
relating  to  tha  davalopmani  ol  mlat  and  airframa  design  criteria 
ait  diacuaaad  Raaultt  of  analytical  and  eapanmania'  work 
amphatiza  datailt  ol  cloaaly  coupled  ml«t  airframa  concapla 
Inlet  flow  fialdt  ganaraiad  by  basic  fortbody  and  lorabody/wmg 
combmttiona  art  raviawad  togalhar  with  an  anlyaia  of  lha  aflacta 
ol  vtrittiona  m fuialaga  tnapa.  forabody  cambai.  wing  gaomalry 
and  mlat  poaition  Problamt  aaaocialad  wilh  boundary  layer 
davalopmani  and  vortas  mgaalion  are  diacuaaad  m tarmt  ol  lhair 
affect  on  mlai  daaign  Attitude  aflacit  auch  aa  angle  of  attack 
and  angle  ol  yaw  are  taviawed  The  lottat  due  to  tpilitga.  blaad 
and  bypaat  llowa  aia  analyzed  at  they  allact  vthicia  parformanca 


N72-27021  National  Aaroapaca  Lab . Amaiardam  INelloilandt) 
EXPERIMENTAL  DETERMINATION  OF  NOZZLE  CrfARAC 
TEPISTICS  AND  NOZZLE  AIRFRAME  INTERFERENCE 

F iaarsma  In  AGARD  Airframo/ Engine  Intagratvzn  May 
19/2  45  p lals  (For  availability  toe  N72  27016  18-021 

An  outline  it  given  under  which  circumsiancet  cansm  let 
flriw  and  nozzle  parametan  should  be  simulated  m the  wind 
t-mnal  Ic.'  both  installed  thrust  and  'Irjg  dataimmanon  The 
riicumiiancat  relate  to  tha  flight  legimas.  nozzl-i  lypaa  and 
artgme  intlallahon  configurations  Next  the  technical  raquiiamams 
lor  tha  wind  tunnel  and  the  model  are  given  and  .ha  difliculliaa 
in  fullilling  ihaie  raquiramenia  are  diacuaaad  Tha  tachniquaa  and 
achamat  at  uaed  by  lha  various  groupr.  m lha  AGARD  counliiat 
ara  raviawad  Special  attention  is  given  to  miniaiur*  tufbo  angina 
aimulatora  Author 


N72-Z7022  Air  Force  Flight  Dynamics  Lab  . Wright. Ptttaraon 
AFB.  Ohm, 

DYNAMIC  CHARACTERISTICS  OF  ENGINE  INLETS 
Damatfius  Zonara  In  AGARD  Airframa/ Engine  Integration 

May  1972  16  p tala  iFor  availability  tea  N72-27016  18-02) 

Inlet  random  praiaure  llucruattont  and  ihair  aflacta  on 
reducing  It  a tlall  margin  ol  luitxxei  angina  > ara  ditcutaad  A 
review  la  accomplithed  ol  tha  IF  30/F-111  compalibilily  aiudy 
over  lha  peat  lavaral  yasrt  Tha  practicality  ol  utilizing  aiaady 
Sta*e  and  matantanaoua  r1ia..'rtion  fantort  to  df.tarmir\e  inlat-angina 
compatibility  it  atteaaad  and  recant  adcancai.  m mlat  raaaarch 
conligurationa  with  asaociaied  steady  -iiata  and  dynamic 
diatortiona  ara  pratentad.  Finally,  a corr-plata  rarvdom  data 
acquiailion  editing,  and  procasamg  method  it  davalopad  lor 
accomplishing  dsis  anslytis  ss  an  mlat  diagnostic  tool  Author 
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N72  *27023  N«v«t  Pottgrtduat*  School.  Momoroy.  C«iif 
CNOINE  INTCQRATION  ANO  THRU6T/ORAQ  DEFINITION 
Alton  £ Fuho  In  AGARO  Airfrtmp/Engine  Inisgraiion  May 
1972  21  p rail  (For  availabiltty  a*a  N72-27016  18-02) 

Varioua  dafimtiora  ralating  lo  Ihruil  and  drag  ara  conaidarad 
Sinca  Ihruai  mmut  drag  la  of  pfimary  mtaraat.  tha  backgrourvj  on 
drag  datarminatton  la  diacuaaad  Thia  followad  by  taating 
laciwyiquaa  for  full  tcala  propulaion  ayaiama  Sourcaa  of 
int)allat«n  loaaaa  ara  of  conaidarabla  miaraai  Savaral  ditfaram 
mathoda  hava  avolvad  to  account  for  vaiiout  larma  in  a 
drag/ttiruat  daiarmination  Bookkaaping  of  forcaa  and  momantum 
flua  ■ Oaacnbad  Any  aircraft  davalopmant  la  controllad  by 
tehadulaa  and  fuad  raaourcaa  InfluarKa  of  thata  cr>natrainu  on 
angina-airframa  intagration  it  diacuaaad  Soma  apacitl  miagration 
probfama.  a g . angirta  blaad  air.  ara  conaidarad  Author 


N72-3M17I  Advaory  Group  for  Aaroapaca  Raaaarch  and 
Oavafopmant.  Faria  i Franca) 

HANOUNO  QUAUTIEt  CRITERIA 

Jun  1972  293  p rafa  Proe  of  tha  AGARO  Flight  Mach  Panal 
Spacialatt  Maatmg.  Ottawa.  28  Sap  -1  Oct.  1971 
(AGARO-CF-lOe)  Avail  NTIS  HC  91700 

Tha  procaadmga  of  a eonfaranoa  on  tha  handlino  qualniaa 
of  abcrift  ara  praaamad  Subtacu  diacutaad  ara  (1)  Hying 
rtualtfiat  raguiramanta  and  entana  for  convaotanal  and  V/8TOL 
aircraft  12)  commarcial  flying  quality  atandanta  and  flight  taat 
iralidatgn.  O)  aatablahmant  of  flying  ryuaJrtiaa  by  ariafyiA  of 
currant  aircraft,  timulation  and  anafyaia.  and  pilot  opinion  ratmgi. 
(4)  apacial  problama  and  intarfacaa  m aircraft  control,  and  (SI 
man  maehina  ralationahipt  and  raaaarch  and  davalopmant  proyacfa 
for  improvamant  For  mdrvidual  titlaa.  aaa  N72-32018  Ihrouoh 
N72-3203e 


R72-J201R  Sarvica  Tachniqua  Aaronautiqua.  Faria  (FrarKa) 
COflllFARISON  OF  FRENCH  ANO  UNITED  STATES  FLYINO 
OUAUriES  REQUIREMENTS 

Jaan-Oauda  Winnar  and  John  W Cartaon  (ASOI  In  AGARO 
Handling  Qualitiaa  Cntana  Jun  1972  IS  p (For  avaHability 
aaa  N72-32017  23  021 

Tha  Rymg  qualitiaa  raquiramanta  for  Franch  and  Unqad 
Stataa  aircraft  ara  oomparad  it  waa  datarmmad  that  tha  two 
aau  of  cntana  arc  baaicaiiy  Iha  aama  m mtant  and  goala  Tha 
complicationa  in  applying  ihaaa  cntana  to  modarn.  high 
parformaiKa  aircraft  ara  diacuaaad  Concapta  in  lavaf  of  handling 
qualitiaa.  application  of  flight  anvtkipa  ratirictiona.  and  affacU  of 
ayatam  faifuraa  on  ftyng  propaitiaa  era  axanvnad  Author 


N72-3201S  Aaroplana  aryj  Armamant  Exparimantaf  Eatabfiah- 
mant.  Boecomba  Down  (England) 

THE  NATURE  ANO  U8E  OF  THE  RUUB  FOR  J^OOINO 
THE  ACCErTASILITY  OF  THE  FLYINO  QUAUTIEt  OF 
FIXED  WING  AIRCRAFT 

9 J Andrawa  In  AGARO  Handlttig  Quairtiaa  Cntana  Jun 
1S72  10  p raf  (For  ayatlability  aaa  N72-32017  23  02) 

Tha  flying  qualr.iaa  raquiramanta  for  iha  Unnad  Kingdom 
and  Iha  Unriad  Sf^taa  ara  compared  Tha  documania  invotvad  in 
aetabfahmg  iha  cniaria  ara  aiammad  Tha  ganaral  corrtant  oH  tfia 
documanta  m ralation  to  Iha  raquiramanta  of  tha  flight  laalar  in 
aaaaaamg  tha  accaptabitity  of  fightar  aircraft,  alnka  aircraft,  and 
iraintr  aircraft  m diacuaaad  Commani  • aubmittad  on  tha  flymg 
qualitiaa  raquiramanta  for  V/STOL  aircraft  it  « auggtalad  that 
Iha  laquiranianla  documanta  ara  of  limiiad  uaa  to  tha  flight 
taatar  bacauaa  thay  ara  arthar  out  of  data  or  inapplicabla  lo  now 
aircrafi  with  apacial  tola  damanda  or  noval  daaign  laaturaa  li  la 
r acorn  man  dad  that,  in  addttion  to  updaimg  aiialing  raquiramanta. 
mora  attantion  thould  ba  givan  to  tha  diract  and  immadiata 
application  of  data  from  known  and  triad  aarvic*  aircraft  Author 


N72-32020  Fadaral  Aviatiu*>  Adminiatration.  Waahmgton.  D C 
FAA  FLYINO  OUAUTIES  REOLMREMENTS 
Rchatd  Stiff  and  Robart  F LaSua>  In  AOARO  Handling 
Qualitiaa  Cntana  Jun.  1972  8 p (For  availabiliiy  aaa 

N72-32017  23-02) 

Tha  naad  for  flaaibility  and  changa  of  Fadaral  Aviation 
Ragulatqna  lo  accommodata  naw  rlaaigna  and  innovtticna  to 
flying  vahidaa  « an  avar-incraaaing  and  complaii  aituation 
currant  philoaaphiaa  and  prptactad  difficult  araaa  associatad  with 
titplana  handing  qualitiaa  ara  diKusaad.  Tha  aubiact  n not 
mtanrfad  to  ba  covarad  la  lo  tha  apacific  conditiona  or  typaa  of 
aitpianaa  but.  raihat.  to  covar  tha  qualtuiiva  avaluttion  naada  for 
datatmining  complianca  with  tha  aaitting  airwonhinata  ruiaa 
Racognuing  that  aircraft  davalopmant  and  capability  • an 
avat-improving  acianca.  tha  ralalioi.ahip  of  Fadaral  rulamaking 
procaduiaa  to  tha  application  of  ludgmant  m tha  raquiramanta  to 
produca  timaly  and  adaquaia  datarmmationa  of  complianca  la 
diacuaaad  with  conaidaraton  of  complax  control  tyitamt  and 
rapidly-aipanding  flight  anvatopaa  Author 


N72-32021*  National  Aaionaulica  and  Spaca  Adminatration 
Amaa  Raaaarch  Cantar,  Moffatt  Fiald  CaW 

V/8TOL  HANOUNO  QUALITIES  CRITERIA 
OF  AOAHD  REFORT  408 


Raa  anti  Oavalop  Lab..  Moffatt  Fiald.  Calif  ) 
Handling.  Qualitiaa  Oitana  Jun  1972  8 p 

availaN.ty  aaa  N72-320I7  23-02) 


In  AOARC 
<Foi 


of  taloctod  h«rM)ling  qu*litiM  cri'.«rio  for 
V-'Oe  •ireraft  ihowv  th«t  tlthoooh  • cNarar  uodofvundiog  of 
tho  ro(|uirvm«nu  for  conirovamal  trvM  luch  m roll  control 
powtf.  vortical  flight  pith  control.  arxJ  tr«n»ii«oA  m h«nd 
conaidarably  mora  rataarch  it  naadad  to  rafina  ihaaa  cntana  lor 
oparaltonal  IFfl  activity  Bacauaa  many  itama  miaracl  to  influanca 
tha  piwa'  ovarall  impraaaion  of  Iha  aircraft  a behaviour,  additional 
work  of  a ayatamaiic  nature  mull  ba  dona  lo  clarify  Ihq  aapact 
A batter  dafinqion  of  a guei  model  which  includae  dacraia  guat 
alfacla  ■ naadad  to  firm  up  erttana  for  berth  hover  and  STOL 
Wrilioo 


. inc  . UurfAM  NY 

MENTB^^*"^  V/8TOL  HANOUNO  QUAUTY  REQUIRE 
Har^l^  Qualitiaa  Ortana  j„n  1972  13  p if, 

avaHability  aaa  N72-3201 7 23-02)  ^ ^ 

Tha  V/STOL  aircrah  handling  qualitiaa  criteria  apacificatior 
a diacuaaad  Tha  avolulion  ol  the  ipacilicaiion  q trac^ovar  ih« 

tofna  of  the  problam  aroM  a -.a. 

Auinoi 
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AFFLICATION  OF  V/9TOL  HANOLINO 
CRITERIA  TO  THE  CL  94  AIRCRAFT 

O E Michaalaan  In  AGARO  Handling  Qualitiat  Criteria 
1972  26  p rafa  (For  availability  aaa  N72-32017  23  02) 

Tha  daaign  concapta  and  flight  charactaratica  of  tha 
Can^air  CL-84  tilt  wmg  V/STOL  aircraft  aa  ralaiad  lo  handling 
quNitiM  ara  raviawad  Tha  achtavad  chaiaclaraKt  ara  compared 
wrth  Iha  ravaml  AGARO  V/STOL  Handing  Quairtiaa  Criteria  It 
m »nowft  that  ih«  CL-84  charactarttftca  ar«  m accord 

wrth  tho  Odaria  Whila  a f#w  of  tha  Cntana  valuta  aoMar 
*n«(^ropnata  for  tha  CL'84.  it  it  concludad  that  tha  harxflioo 
quafiliM  of  tha  aircraft  would  ba  improvad  if  tha  aircraft  mat 
moat  of  tha  Crnana  ir\  iha  ar«aa  whara  >1  praaanlly  falfa  abort 

Author 
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N7S-U034  Mwn»chmitt-Bo»lliow-Blohm  GinbH  . Mwiieh 
IWm  OtrnMny). 

V/VrOL  MANOUNO  QUAUTICt  CNITtNIA  COMAAMtO 
WITH  ruOHT  HAT  RCtULT*  Of  THi  V/«TOL  •UACRSOH- 
IC  flOHTIR  VJ  101C  AND  THE  V/STOl  TRANAAOIIT 
AINCRAFT  00  31 E 

0 K K1«mI  ant  Hoist  WiisnnsntMfO  (Oomisr  AG.  FnsdnchsHtlsnl 
/n  AQANO  Hsndtine  OustitiM  Cntsris  Jun.  197 1 16  p rsfs 

(For  svailsbiltty  SM  N72-32017  23^21 

Tlio  V/STOL  nircrsfl  handling  >]ua(itisa  critsria  ara  oornpaiad 
wWi  »a  flight  tad  laaults  tor  tha  VJ  101C  V/STOL  tuparsoiue 
flgblar  aircrafi  and  tha  00  31E  V/STOL  transport  aacrafl  Tha 
main  isatuioa  et  tha  taktoH  snd  Itndirtg  procaduias  sio 
prsaantad.  Tha  handling  quaMisa  ol  tha  two  avcralt  m hovar  and 
tranaitan  flights  ara  comparad  with  accaptad  racommandationa 
Tha  influanca  of  tha  ataMiiaiion  tystam  and  lU  chaiactarancs 
on  tha  eontici  powai  it  summad  Tha  affacts  of  tha  lat  mducad 
downwaah  snd  of  tha  hot  gaa  racirtulation  ara  shown  AtAhoi 


N72-3202S  Air  Forca  Flight  Ted  Cantei.  Edwarda  AFB.  Calif 
florformanca  and  Ftyng  Qualitias  flranch 

CIIITERIA  TRENDS  OBTAINED  FROM  ANALYSIS  OF 
CURRENT  AIRCRAFT 

Chartaa  F Adolph  //I  AGARD  Handling  Cusl  lias  Oitaria  Jun. 
1972  9 p roN  (For  availatxlitv  aaa  N72-320I  7 23  02) 

Tha  noad  lor  dtvaloping  addrtional  entana  apaerfically  for 
avaludion  purpoaaa  ■ diaeuaaad  Also  ncludad  ara  diacuaaana 
of  tavsral  othar  topica  m tha  flyng  qualriiaa  arsa  whicn  hava 
twan  raeurrsnt  rtama  ol  mtaraat  m avaludiorta  of  high  parformanoa 
aircraft.  Ineludsd  ara  commanu  on  high  angla  of  attack  ciitaria. 
an  ovanriaw  of  tha  roaultt  from  avaiualona  of  aircraft  squvpad 
wah  control  augmamalion  ayatama  snd  a aummary  of  saponancaa 
d applying  flyng  quality  ciitaria  Author 


N73-3202S  Northrop  Corp  . Hawlhorna.  Calif 
SIMULATION  AND  ANALYSIS  IN  EflTASLISHINQ  FLYING 
QUALITIES  CRITERIA 

J T GaHaghar  In  AGAhO  Handling  Qualmoa  Oitana  Jun 
1972  26  p rsfa  (For  availability  aao  N72-3201 7 23  021 

Tha  applicatron  of  simulation  and  snalysia  in  aslablohing 
tha  flying  quatitin^  entana  for  pilotad  aircraft  a dwcuaaad  Two 
arsaa  ara  idani'fied  whara  tMttar  entana  ara  naadad  in  fha 
apacification  ll  ihe  nltacta  of  lurbulanca  and  121  tha  impact  of 
control  ayatam  ii.i.iimira  on  flying  oualitiat  A docuaaion  o 
prsaantad  on  a p.'unisrn  which  amploya  ground  baaad  simulation 
and  pilot  analyti5  .'  -i  attampt  to  battar  dafina  tha  impact  of 
turbtilsnca  on  flri  >g  |ge  itiaa  Mathoda  for  ovsrcoming  s>atmg 
ahortcominga  ai  ino  ,<>vcadura  ara  svaluatad  Author 


N72-32027  Soaing  Co.  Ssattla.  Wash 

HANOUNO  QUAUTIES  CRITERIA  FOR  SUFERSONIC 
TRANSRORT 

W T Kahra'  In  AGARD  Handling  Qualitias  Cntsris  Jun  1972 
6 p (For  svadatMlity  aaa  N72-320t7  73  02) 

Tha  contant  anO  Iona  of  a entana  apacificaian  for  eomrrwrcial 
irsnaports  ara  praaatnsd  A errtana  must  insura  aaN  handling 
qualitiaa  lor  afl  ragmisa  of  flighi  uparstion  In  additmn  to  iha 
normal  flight  oparstiona.  opaiation  to  tha  SMtranrtaa  of  tha  flight 
arrvalops.  ant  oparation  m aavsra  lurbulanca  must  ba  apacrfiad 
Also  to  bs  considarad  ara  fligM  oparationa  with  ayaiama  faSuraa 
A entsria  apscificaiion  mutt  sNo  contdar  Iha  crsical 
combmationa  o'  ihaaa  itama  that  hava  a raaaonabls  probabdrty 
of  accurrartea  For  anampla  tha  airplana  mutt  ba  abla  to  oparata 
asfsiy  in  turbularKa  of  aoma  tpacifiad  laval  foUowirtg  flight 
controto  ayatama  faSuraa  Author 


NT2-3202S  Cornall  Aaronaulcal  Lab . Inc  . Buffalo.  N Y FIrght 
Raaaarch  Oapt 

THE  ROll  OF  PILOT  RATINO  IN  THE  DEVELOPMENT  OF 
HANDUNQ  CRITERIA 

Robart  F Haipar.  Jr  In  AGARD  Hartdling  Qualitiaa  Crdarta 
Jun  1972  7 p rah  (For  availaMitY  aaa  N72  32017  23^21 

Tha  application  of  pilot  ralirtg  vi  datarmnotg  tha  partormanca 
and  hamSing  cntaria  of  aircraft  ■ diccuaaad.  Tha  rota  of  pdol 
rating  aa  a maant  of  dafining  tha  quality  of  handing  m thoao 
control  aduatiottt  whara  a diract  maaauramant  carwioi  bs  mads 
• daacribad  Tha  davalopmant  snd  application  of  a pitat  rstng 
acata  for  aircraft  avakiatiiMt  ara  sxaminad.  Author 


N72-3202S  London  Univ  (England).  Oapt  of  Aaronsutical 
Eng  naa  ring 

CRITERIA  FOR  STAU  AND  POST  STALL  QVRATIONS 
G J Hancock  In  AGARD  Handing  Qualitiaa  Critaha  Jun. 
1972  to  p (For  avadahdity  aaa  N72-32017  23-02) 

Frobfama  atsociatsd  wah  tha  hanrlling  charactsristica  dunrM 
atipinii  has  to  and  aacuraiona  bayond  tha  oparational  limits  of 
commarcisl  aiicrall  art  diacuaiad  Tha  evolution  of  airworthinaaa 
roqu'ramants  lor  tha  ttall  and  poet  ttsll  oparation  of  aircraft  a 
dasenbad  Tha  affacu  of  minimum  tpaad  in  ttasdy  laval  flight. 
Iha  apacification  of  tha  Isctora  ol  tafaty.  snd  tha  damonatration 
of  astafactory  dynamic  bahavior  beyond  tha  oparatiorMi  limita  on 
the  design  of  Iha  aircraft  era  anatyiad  Author 


N72-32030  Royal  Aircraft  EaiaMishmani.  Bedford  (England) 
TURBULENCE  MCHEIS  FOR  THE  ASSESSMENT  OF 
HANDUNG  QUAUTIES  DURING  TAKE  OFF  AND  LANDING 

J G Jonas  In  AGARD  Handling  Qualitiaa  Cntaria  Jun  1972 
16  p rah  (For  availabilily  aaa  N72-32017  23-021 

Fropartiaa  ol  atmoapharic  turbulaitca  at  low  aitnuoa  ara 
raviawad.  with  particular  rafartnea  lo  thoaa  .aapacta  islavam  to 
an  aircraft  on  a landing  approach  or  ifuring  taka  nh'  Msaaursmania 
of  powsr  tpactra  sra  daacribad  and  rafatad  to  a aimptihad 
lhaoratical  modal  Looking  beyond  Iha  power  apaclrum.  an 
important  proparty  of  lurbulanca  « ita  intarmittancy.  ralaiad  ic  i 
lanrtancy  lor  aircraft  caaponaa  to  ahow  iarga  pasha  aaparated  by 
ragona  of  ratttns  inactivity  Piloii  appear  lo  bs  parlicularlv 
sansitiva  to  Ihs , iniarmittani  ainictuis.  and  lhair  aubiactivs 
commanu  can  be  ralaiad  lo  mssaurad  luibulartca  charsctanatica 
II  a ahown  how  a dacrata  gual  modal  for  lurbulanca  may  ba 
amployad  lo  oradicl  Iha  magnrtuda  of  Iarga  maponaa  patks  Aa 
an  aasmpla.  Iha  rsaponao  lo  guau  of  an  aircraft  conatrairtsd  to 
fly  at  conalani  attituda  la  dacuaaad.  with  paiticultr  rafaranca  to 
Iha  affacta  of  aircraft  apaad  Author 


N72-22031  North  Amancan  Rockwall  Corp . Lot  Angalaa.  Calif 
F-VINO  QUAUTIES  INTERACTION  WITH  ELASTIC 
AIRFRAMES 

J<J>n  H Wykas  In  AGARD  Handling  Qualitiaa  Cntaria  Jun. 
197^  13  p rah  (For  avtilabilny  aaa  N72  32017  23-021 

Tha  tranda  m modarn  aircraft  atructural  dsaign  and 
sarodynamica  ara  such  that  yahicis  flambility  incrsaaingty  impacu 
on  vahicia  ftymg  (handling)  qualitwa  and  tha  datign  proctaaaa 
nscaaaary  to  provida  aatitliclory  vahiclat  In  rscant  yatrs.  Iha 
ftambility  affacta  on  rids  quality  hava  impactad  on  handling 
qualitiaa  and.  paihapa,  ahould  bs  addad  lo  handling  qualitiaa 
rsQvirtmsnu  or  cntaria  A prtaantation  ■ givan  ol  aoma  of  tha 
approachas  cunsntly  bantg  considarad  to  latuca  the  mtaracnon 
TTwaw  inUuJe  aucli  lachinQuai  aa  aclnra  aaai  'lotstion  and  actr^i 
ak^tuiel  mods  control  ll  is  concluded  that  any  nda  quality 
solutnn  method  that  irtcludaa  irKfucirtg  motion  tklwaan  the  pilot 
and  ha  controto  arxl  diapitya  should  ba  excludavt  by  handling 
qualitwa  ciitaria  The  atructural  flaaitHlitv  and  fl\iht  controls 
mtsrftca  a bnafty  aitminad.  and  a typical  oilot-mduca-f  structural 
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McMMion  i*  dwcftil  It  • suggMtcd  that  a pilol  praMtac.  a 
tnodam  itability  augmantition  ayatain.  and  a atruetural  moda 
control  tirctam  doargnad  to  maat  rida  qualitv  critana  can  adva 
tha  praUam  without  additional  critaria  tha  handiwig  qualaiaa 
flaaMitv  intaraction  and  tha  vahicia  datign  cyda  ara  rtoriMiail 

Author 


M72-32032  Sociata  Natioitaia  Induatnalla  Aaroapatiala.  TouJouta 
(Franeal. 

INFLUINCt  OF  ▼HC  DEMON  AND  FUNCTIONINO 

CHANAcnnimcs  of  the  flvino  control  CYrrEM 

OF  A TRANtFORT  AIRCRAFT  ON  IT*  FUOHT  OUAUTIEC 

R Oaqua  In  AGARO  Handling  Qualitiaa  Cntacia  Jun.  1972 
12  p IFor  availability  taa  N72  32017  23-02) 

Tha  proWama  ancounlaiad  in  tha  oouiaa  of  (lyirrg  qualitY 
atudiaa  tor  both  a auparaonic  and  a iiibaonic  tranaport  aircraft 
ara  daacribad  A study  to  mada  c4  tha  mfluartca  of  tha  ttatc  and 
dynamic  eharactartotica  of  eontrola  batvyaan  cockprt  controto  and 
auifacaa  without  automatic  compartaators  Tha  apacific  problama 
ratoad  by  automatic  companaatniv  ara  aaamnad  A atudy  ■ 
mada  of  how  flymg  qualittot  ara  affactad  by  flyatg  control 
faduraa  and  by  tha  tafaty  artd  rdiaMity  obfactivoa  vyhich  muat  aa 
a corwaquanca  ba  achiavad.  Author 

N72-32013  National  Aaronautical  Ettabliahmant.  Ottawa 
(Ontario). 

FARAMETIR*  AFFECTING  LATERAL  DIRECTIONAL 
MANOUNO  QUAUTIEt  AT  LOW  SFEEOt 
K'H  Ooatach.  Jr  In  AGARO  Handlino  Qualittot  Cnttna  Jun 
1972  13  p raf  (For  avtilabJrty  aaa  N72  32017  23-02) 

A atudy  It  undarttkan  tl<a  ftaort  affactino  tha 
lalaral'diiactiorul  handling  qutlrtiaa  of  aircraft  m typical  VMC 
STOL  flight  aa  cartain  modal  paramatan  ara  vanad  It  it  found 
that  tor  tha  low  flight-apatd  and  tha  low  dutch  roll  fraquanciaa 
uivaatigalad.  tha  a<da  to<ca  aquation  laliaa  on  addad  tignificanca 
m aatabfithing  tha  carcrUatory  moda  through  tha  vactor  ijoninbulton 
of  tha  waight  componani  acting  along  tha  y-aito  Whan  th« 
contrtoution  a larga.  tacondary  affacta  on  handling  qualitiaa  can 
artoa  if  tha  ralatiortohip  batwaan  tha  yaw  rata  and  aidaalip 
vactora  in  tha  oacillatory  moda  la  aataUtohad  aolaly  by  varying 
tha  darivalivaa  of  tha  momant  aquationa  bacauari.  undar  thaaa 
cac-rmatancaa.  unuaual  groupa  of  darivttivoa  mu'!  ba  ntcaaatry 
to  tattofy  tha  impoaad  oonatravila  Similar  daviatiorw  from 
normal  valuta  tor  tha  momant  darnr.itrvaa  may  ba  raquirad  to 
lorca  tha  laroa  from  tha  polaa  in  tha  bank  angla  lo  ailaron -control 
tranafar  furKlnn  whila  aimultanaoualy  maintaning  tha  corract 
vactor  ralationahipa  in  tha  oacillatury  moda  Author 


N72-32034  Tachniacha  Hogaachool.  Dalft  (Katharlandal 
FILOT  VEHICU  ANALV9I9 

R.  J.  A W.  Hoaman  in  AGARO  Handling  Oualitiaa  Cntana 
Jun  1972  26  p rafa  (For  availability  aaa  N72-32017  23-02) 

An  aKparimart  m rfaacribad  in  which  maaauramanta  wara 
parformad  on  human  oparatora  m aingla  '•>to  tracking  laaka  Tha 
controllad  afamam  uaad  wta  a aimulatad  tranaport  aircraft,  tha 
angla  of  prtch  waa  controllad  by  tha  human  oparator  Tha  forcing 
function  wta  a guat  tignal  actirtg  on  ifrt  aimulatad  aircraft  17ia 
avcraft  wta  aimulatad  at  thraa  canl.'t  of  gravity  poaitiorto  at 
which  n waa  ttabla.  rtautral  and  urtatalrla  raapactnraly  Ounng  tha 
taat  runt  tha  human  oparatora  nad  lo  parform  tlmultanaouafy  an 
audtory  addrtional  taak  On  tha  bats  of  tha  rtaufta  oMamad 
from  thw  aaparimant  a naw  aamplod  data  pilot  rnodal  to 
dtocuaaad  Author 


N72-32036  Forachungainatiiu)  fuar  Anthropotachnto.  Mackan- 
haim  IWaat  Gtrmany) 

FILOT  WORKLOAD 

R K Rantotat  and  Jaan-Otudt  Wanntr  (Sarvict  Tach 
Aaroruuliqua.  Porto)  In  AGARO  Handling  Oualitiao  Critaria 
Jun  1972  9 p raft  (For  availability  taa  N72-320I7  23-02) 

Schematic  diagrtma  and  anatyaaa  of  tha  functiorw  of  tha 
human  oparator  m iha  guidamto  and  control  loopa  ara  praaantad 
Thraa  htorarchical  control  kMpa  ara  conaidarad  Flow  charta  ara 
catabitohad  to  dafma  tha  ati  null  racaivad  by  thn  pitot,  tha  data 


tiaatmant  by  tha  bram.  and  tha  tubaaquant  phytical  actiorw  Tha 
application  of  tha  analytaa  to  arabftohing  tha  pilot  wortdoad 
anccu'tarad  for  vanoua  portiona  <y,  tha  flight  to  daacribad 

Author 


N73-920M  Air  Force  Flight  Dynamica  Lab . Wnght-Pattaraon 
AF*.  Ohio 

theoretical  FIIQT  rating  FREOICnONt 
Ronald  0 Andaraon  In  AGARO  Handling  Qualitiaa  Critaria 
Jun  1972  Up  rato  IFor  availability  aaa  N72-3201 7 23-02) 
Mathoda  for  apacifying  flyrg  qualitiaa  of  aircraft  ara 
dtocuaaad  Mathoda  tor  corracting  dafictonciaa  m tha  praaant 
ayatam  ara  racommandad  Tha  racommandationa  range  from  tha 
aivanaion  of  tha  claaaical  approach  to  naw  dimarwiona  to 
approachaa  that  rely  on  thaoratical  pradictiona  of  pilot  ratinga  It 
to  ahown  that  tha  prediction  of  pdot  rataiga  to  a valid  approach 
which  to  accurate  within  tha  range  of  pilot  variability  Author 


N73-32097  Naval  Air  Syatama  Command.  Waahington.  D C. 
RECENT  U*  NAVY  FLYING  OUALITIE*  RESEARCH 
Raymoral  F Siawan  In  AGaRD  Handling  Qualittot  Critana 
Jun  1972  12  p raft  (For  availabtlny  taa  N72-32017  23-02) 

Tha  raauitt  of  (J.S.  Navy  tpontorad  flying  qualitiaa  raaaarch 
conducted  over  the  paat  five  yaara  ara  pratantad  Inflighi  variable 
atatMliTy  aiiplana  invettigationt  were  conductad  in  timulatad 
earner  approachat  lo  dataimina  Iha  affact  of  the  principle  flying 
qualitiao  paramatart  on  approach  parfoimanca  Limitt  have  baan 
aatabitohad  on  the  valuat  of  Iha  maior  tongitudmal  and 
lataral-diractional  paramatart.  to  maura  good  carrier  approach 
eharactartotica  In  addition  to  tha  earner  approach  atudiaa. 
moving  bate  aimulator  mvaaligationt  wa't  conducted  to  luithar 
develop  criteria,  and  attend  the  aircraft  maneuvering  potonttol  at 
high  anglaa-of-attack  Tha  mcluaion  of  manauvaiing  force 
gradtoitt  and/or  sticlt  jensitrrrtv  has  been  determined  at  a 
raquiramani  lor  a meanmglul  critarion  Author 


N72-3203S*  National  Aaronauliea  and  Space  Adminiauaiion. 
Waahington.  D C 

RECENT  NASA  HANOUNO  QUALITIES  RESEARCH 
Richaid  J.  Waaicko  In  AGARO  Handling  Qualitiaa  Critana 
Jun  1972  26  p rafa  (For  availability  aaa  N72-32017  23-02) 

A comprahanarva  raviaw  of  NASA  raaaarch  raauRa 
rfocumantad  amca  tha  mid- 1980  a and  soma  racantly  compfatad 
programa  on  airciafi  handling  quclmaa  ara  piaianlod  In  addition 
lo  handling  qualittot  lataaich  pariaining  to  vahicle  ttabililv  and 
corttrol  characlarialica.  invttligaliona  ralaiad  to  tpacitluad  piloting 
laaka.  cockpit  dtoplayi.  and  anvironmantal  factora  ara 
aummariaad  Tha  backgiound  leading  to  NASA'a  handling  qualitiaa 
raaaarch  aclrvrtiat  it  ditcutaad.  and  programa  that  have  racarvad 
tnaio'  amphaaia  ara  indicaiad  For  ganarri  aviation  averaft.  tha 
aurvay  irKludas  invatligaliont  aimed  at  i.nproving  handling 
qualitiaa  by  incorporating  incraaaingly  aophiaticatad  stability 
augmentation  and  display  ayttama.  simplifying  tha  approach  and 
landing  tssrt  tor  ralatrvtiy  inaxparwncad  pilots,  and  aataUtohing 
tha  bate  affects  of  lurbulanca  Raaaarch  on  the  spactaluad 
pilotirtg  problem  of  ataapar  inatrurnani  approachaa  for  notaa 
abatamant  and  invattrgationa  with  a rapraaanlaiiva  (iral  generation 
airciaft  a-a  laviawad  in  tha  aaclion  on  aubaonic  lat  Irsnaporta 
Supersonic  cruiaa  aircraft  programs  irKluda  a variaty  of 
aimulalion  aiudiai  raistad  to  supersonic  irantpori  daagna  and 
flight  leaia  wrth  Iha  XB-70  aircraft  Invsatigationa  of  high  angla 
of  attack  tots  ol  control  proWamt  and  u flight  atudy  of  direct  lift 
control  utitiistion  for  formation  flying  and  aanal  rafualmg  ara 
dacutaad  m tha  review  of  tactical  military  aircraft  raaaarch 

Author 


N73-11020#  Advisory  Group  tor  Aaroaosce  Rasaarch  and 
Oavsiooniani.  Pana  IFiancul 

INTERACTION  OF  HANDLING  QUALIYIFS.  STABILITY. 
CONTROL  AND  LOAD  ALLEVIATION  DEVICES  ON  8TRUC 
TURAL  LOADS  Summary  Raport 

Clifford  F Newberry  (Boeing  Cu  V/cchna.  ken  I Jol  1972 
1 7 p refs 
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(AGARD-R-6S3)  Avail  NT1S  HCS3  00 

A quaationnaira  was  torwardad  (o  working  group  mambara. 
iPlicitinQ  antvMrt  Irom  thair  ratpactiva  countiwi  on  tachniquat 
uaad  HI  conatdanng  (Ki  various  mtaraction*  Tha  quastiorviaira 
dacuaaaa  poasibla  alftcis  ol  load  allaviation  davicat  I'om  both 
static  and  faiigua  loads  Intaracnons  batwsan  siabtlitv.  conuol 
and  ftructuial  loads  whan  structural  modas  coalasca  nvilh  rigid 
body  abort  panod  modas  sra  alto  ad<1-«ssad  Tha  rapliat  racan/ad 
ars  tuinmaruad  Tha  raplias  ganarslly  sgroa.  although  dittarancaa 
batwaan  manufactuiars  of  fightar  and  transport  aircraft  ara 
avidsm.  Author 


N73'13018|l  Advisory  Group  lor  Asrospace  Raseaich  and 
Davalopmarr  Pans  IFranca) 

AOARO  FLIQHT  MECHANICS  PANEL  SYMPOSIUM  ON 
STABILITY  AND  CONTROL  Tachnieal  Evaluation  Raport 
William  T Mamilton  iBoaing  Co  . Saattla)  Oct  1973  lO  p 
raft  Conf  '.  aid  al  Brunswick.  10-13  Apr  1972 
(AGARO  AR  481  Avail  NTlS  HC  $3  00 

With  tha  passing  ol  tuna  and  baiter  understanding  ol  the 
aerodynamic  arvj  structural  characteristics  ol  aircraft  configurations 
tha  opportunities  to  improve  aircraft  performance,  reliability,  or 
coal  through  the  usa  of  more  sophis.icated  control  systems  was 
recognized  These  advanced  control  systems  involved  additional 
disciplinas  such  as  complicated  mechanisms,  hydraulics,  electron- 
•cs.  and  new  visual  systems  Author 

N73-l3019Hf  Advisory  Group  for  Aerospace  Research  and 
Development.  Pans  (Prancel 

A RELATION  BETWEEN  MEASURED  CENTER  OP  GRAVITY 
VERTICAL  ACCEURATIONS  ANO  THE  LOADS  AT  THE 
T TAIL  Of  A MILITARY  AIRPLANE 

0 Busbaum  ILab  luer  Sainebsfasiigkeit.  Oarms  adt  Eberstedt 
West  Oermanyl  Sep  1972  20  p refs 
(AGARO  5971  Avail  NRS  HC  $3  00 

A method  lor  the  astablishmant  of  a statistical  basis  for  the 
ralalions  between  center  o<  gravity  vertical  accelerations  and 
structural  loads  on  a tailplane  is  described  The  development 
and  applicsuor  of  a fatigue  meter  for  this  purpose  are  discussed 
Rending  moments  end  toed  factors  are  plotted  as  graphs  to 
show  reliability  of  test  procedures  Author 


N73'1499B||I  Advisory  Group  for  Aerospace  Research  snd 
Development.  Pens  IPrsrKe) 

FLUID  DYNAMICS  OF  AIRCRAFT  8TALUNQ 

Nov  1972  342  p re's  Partly  in  ENGLISH  and  pertly  m 

FRENCH  Presented  st  Fluid  Oyn  Panel  Specialisia  Meeting. 

Lisbon.  25  28  Apr  1972 

(AGARD  CP-1021  Avail  NTIS  HCS19  25 

The  proceedings  of  a conferenca  on  the  fluid  dynamics  of 
aircisR  stalling  are  preaented  Tha  tubjecu  discussed  are  (If 
two  dimenaior.al  laminar  aaparation  bubbles.  (21  turbutent 
boundary  layers  flows.  (31  aerodynamics  of  high  lift  airloH  aystems. 
(41  low  speed  tialling  of  wings  with  high  lift  devKas.  (6)  stall 
characteriatict  of  various  military  aircraft,  and  16)  airflow  separation 
and  buffet  ortael  during  lighter  eircrsft  maneuvers  For  indmidusl 
titles,  see  N73-14B99  through  N73  15020 


N73-  l4Btf  Queen  Mery  Coll . London  (England)  Oept  ol 
Aaroneulicel  Engmtenng 

ROU  OF  FLUID  DYNAMICS  IN  AIRCRAFT  STALL  ANO 
POBTBTALL  GYRATIONS 

G J Hancock  In  AGARO  Fluid  Oyn  of  Aircraft  Stalling  Nov 
1972  IB  p raft  (For  avsilsbility  see  N73-14998  06  02) 

The  sirwuTihineu  ttauitsmsnts  tor  stall  snd  post  stall  behavid' 
of  an  aircraft  ara  raviewad  The  definition  of  aiall  as  the  limiting 
condition  for  normal  flight  oparations  is  established  The  distinct 
dynamic  and  aarodynamic  contnbuliona  to  a stall  maneuvar  and 
post  aisll  gyrtlion  ara  descnbad  The  pilot  i influence  is  asaetaed 
and  soma  implicationt  on  airframe  design  sra  outlined  The  affects 
of  flow  separation  on  wings  the  control  ol  flow  aepaiaiion.  and 
the  role  ol  mvdal  aapenmanis  ere  laported  Author 


N73- 16000  Techniache  Flogeachool.  Delli  I Netherlands).  Oept. 
of  Aeronautical  Enpmaenng 

SOME  RESEARCH  ON  TWO  DIMENSIONAL  LAMINAR 
SEPARATION  BUSBUS 

E Dobbmga.  J L Vaningen.  and  J.  W.  Kooi  In  AGARO  Fluid 
Oyn  ol  Aircraft  Stalling  Nov  1972  8 p refl  (Fpr  tviiltbility 

aae  N73-1499B  06  02) 

Empirical  information  on  the  angle  at  which  the  separation 
straamlHia  leaves  the  wall,  m wall  flow,  was  obtained  Tha  lamirtar 
part  of  separation  bubbles  m two  dimensiOhat  incompretaible 
flow  waa  calculated  for  the  following  conditions  (1)  plane 
stagnation  pomt  boundary  layer  flow  (2)  flow  around  a cylmdar 
70  mUlimeieik  in  diameter.  (3)  flow  around  ■ rrylmd':  400 
milimatars  in  diamatar.  (41  a long  cylinder,  axially  aligned  with 
the  wHid.  separation  induced  by  a forward  facing  step.  (61 
a short  flat  plats  with  separation  induced  by  auxiliary  airfods. 
(6)  a short  flat  Plata  with  aaparation  induced  by  a forward  facing 
stop,  and  (71  a long  flat  plate  with  separation  induced  by  a 
forward  Firing  step  Tha  measured  engles  ate  plotted  as  a lunciion 
of  the  RaynoMt  number  at  separation  Author 

N73-16001  Centre  National  da  la  Recherche  Scientifirjue. 
Meudon  (FiarK#) 

THEORETICAL  ANO  EXPERIMENTAL  RESEARCH  OF  TAKE 
OFF  DRAG  DEFORMATION  OF  LOCAL  SURFACE  |RE- 
CHERCHES  THEORIOUE8  ET  EXPERIMENTALES  8UR 
LES  DECOLLEMENTS  LIES  A UNE  DEFORMATION 
LOCAU  OE  SURFACE! 

S Surnel.  G B Oiep.  P Gougst.  and  B Prunet-Foch  In  AGARO 
Fluid  Oyn  ol  Aucralt  Stalling  Nov  1972  11  p leH  In 

FRENCH  (For  availabilny  tee  N73  14996  06-021 

A theoretical  and  expenmenial  study  was  made  >f  in- 
compresaibla  flow  during  takaoR  Valocny  prolilas  were  ma.>sured 
in  the  boundary  layer  by  liul  wire  aiirmOitielers.  arid  lha  s yrialt 
obtained  used  to  determine  Irerjuancy  distribution  Static  prsv  sura 
distribution  on  the  inner  surface  was  also  determined  A (tale 
containing  a cavity  was  used  to  metsuie  deformation  on  i.ha 
hollow  larige  Speclial  density  fluctuations  m velocity  permits 
the  meesuiement  of  nttuisl  insisbilities  m the  boundary  Isysr 
The  instabilitios  are  correUiad  with  exterior  speed  Author 

N73-16O02  Office  Naiionsl  d Eturfas  at  da  Recheicnes  Aerospsi- 
isles.  Pens  (France) 

AfRFOIL  STALL  PREDICTION  IN  INCOMPRESSIBLE 
FLOW 

Michel  Vincent  DePaul  In  AGARD  Fluid  Dyn  of  Aircraft  Stalling 
Nov  1972  15  p raft  In  FRENCH,  ENGUSH  aummary  IFor 

availability  aae  N73  I499B  06  02) 

A calculation  method  is  proposed  to  calculate  the  small 
veparsiion  loi^s  which  are  initiated  .near  the  leading  edge  of 
an  airfoil  al  incidence  This  calculation  provides  the  rSeiails  of 
file  seperetion  process  snd  the  msxn.iuir  lift  thst  msy  be  obtained 
with  a certain  Reynolds  number  range  Author 

N 73  1 5003  Northrop  Corp  Hawthorne  Ohf  Aircrsfl  Div 
parametric  STUOIES  of  SEPARATING  TURBULENT 
BCUNDARY  LAYER  FLOWS 

Andrzej  Worimsn  and  W J Franks  m AGARO  Fluid  Oyn  of 
Aircraft  Stalling  Nov  1972  9 p lefs  (For  availability  lee 

N73  14998  06  02) 

A new  technique  for  the  exact  solutions  of  Ismmar  or  lurbulant 
two-  or  Ihiee  dimensions  boundary  layer  fliwvs  has  been 
developed  Tha  technique  diRars  from  previous  epprosches  in 
the  use  of  functional  analys  t to  obtain  exact  semisnalytical 
solutions  in  a small  fraction  ol  ihe  computer  lima  normally  raquiiad 
for  such  computations  Tnc  nisin  advantage  of  tha  aamisnalytical 
aspect  of  the  technique  is  that  the  furKtional  forms  of  the  relations 
in  the  governing  diRerentisI  aquations  are  retained  end  the  use 
ol  (he  computer  is  relegsied  to  tha  performancs  of  simple 
quedreturee  end  fluid  properties  csiculslions  Thus  Ihe  study  of 
the  veriovs  turbulent  viscosity  models  le  e metier  ol  progremmmg 
(he  rviodel  into  the  subroutine  where  such  caiculeiions  erf 
performed  A wide  range  of  eddy  viccotify  relations  can  tharalora 
be  studied  in  s lew  psrsmetric  runs  A typical  thraa-dimenaional 
csiculllion  ai  a point  un  a body  requiraa  3 seconds  ol  ICM  360/65 
computer  time,  so  that  extensive  peremetne  studies  can  be 
performed  quickly  and  sconomically  Author 
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N79- 18404  f*chni»ch«  Hochichul*.  Siungtrt  (Wnt  G*rm(nv) 
Intt  fu«(  Aafodynamik  und  CMdynamik 
OIWON  OF  AtnFOIL*  WITH  HIGH  UFT  AT  LOW  AND 
MfOlUM  SUBSONIC  MACH  NUMBENS 
f X.  Woftmdnn  In  AGARO  Fluid  Oyn  of  Aircraft  Sullmg 
Nov.  1972  9 p r«fi  (For  availability  aaa  N73-14996  04-02) 

Tha  daaign  of  airforli  with  big.'  lift  a;  low  and  madium 
aubaoOK  ipaada  la  diactaad  It  la  siatad  Ihti  tha  mammum  hft 
of  a aymmatrical  airfril  at  low  M^ch  numbara  can  ba  incraaaad 
front  16  to  20  parcar  t if  tha  airfoil  noaa  la  modifiad  and  daaigttad 
to  yiald  krwar  valocity  paa  > and  faaa  pronounced  laminar 
tapara'ion  bubblaa  Tba  purformanca  of  tha  airfoil  at  vanooa 
aubaontc  apaoda  and  angiaa  of  attack  ia  daacribad.  Author 

N79-16008  National  Aaroapaca  Lab  . Amatardam  (Natharlartdal 
COMMENTS  ON  THE  METHODS  DEVELOPED  AT  NLR  FOR 
CONOUCTINO  TWO  DIMENSIONAL  RESEARCH  ON  HIGH 
UFT  DEVICES 

0 DaVriaa  in  AGARD  Fluid  Oyn  of  AircraN  Stalling  Nov 
1972  7 p rafa  (For  availabilily  aaa  N73- 14998  06  021 

Avail  NT1S 

Two  aaparimanial  approachaa  for  analyimg  two  dimanaional 
flow  on  high  lift  davicaa  aia  daacribad  Tha  firtt  mathod  conaitta 
of  praaaura  maaauramanta  at  tha  mid  apan  eaction  of  a two 
dimanaional  wing  with  boundary  layer  control  at  tha  tunnal 
wall-wing  junctiona  by  blcw  ng  alota  The  aaccnd  approach  conaiati 
of  potamial  flow  calculations  by  means  o'  a singularity  mathod 
with  a source  eistribution  on  tha  contour  of  tha  airfoil  This  is 
applied  wnh  a limited  number  of  contr>ur  points  on  the  airfoils 
The  calculationa  »ra  compared  with  ifie  avpanmantal  results 

Author 

N73-1600S  AviOfvs  Marcel  Dassault,  Samt-Ooud  (Frartcal 
BLOCKAGE  CORRECTIONS  IN  BLOWING  TESTS  OF 
EFFECTS  OF  TAKE  OFF  (CORRECTION  OE  SLOCAQE 
DANS  US  ES8AIS  EN  SOUFFURIE  EFFETS  OES  OECOL 
UMENTS) 

Jean-Ch  Vayaaaira  In  AGARO  Fluid  Oyn.  of  AircraN  Stalling 
Nov  1972  22  n rafa  In  FRENCH.  ENGUSH  summary  (For 

availability  see  N73- 14998  06  021 

The  application  of  blockage  corrections  to  wind  tunnel  teat 
measurements  made  on  aircraft  medals  is  diicuaaad  Tha 
procedure  corrects  the  valocity  to  inFinity  upstrasm  and  restores 
to  the  wall-sffec>ed  aeradynamic  coefficients  the  values  which 
ani  fairly  eguivalent  to  those  obtained  on  a model  placed  in  ar. 
unlimited  fluid  stream  The  corrective  blockage  terms  which  modify 
the  reference  kinetic  pruaaure  are  snalyied  The  terms  are  affected 
by  volume,  wake,  and  separanona  Each  of  them  is  uaabla  m 
mcompraaaibla.  compraaaibir.  iwo  dimensional,  and  three 
dunenaionsl  flows  on  whole  or  halt  models  Author 

N73- 16007  Oougiaa  Aircraft  Co.  Inc.  Santa  Monica.  Calif. 
AERODTNAMICS  IN  HIGH  UFT  AIRFOIL  SYSTEMS 
A M.  0.  Smith  In  AGARO  Fluid  Oyn.  of  Aircraft  Slallmg 
Nov  1972  27  p refs  (For  availability  see  N7.3-14998  06-021 

Tha  aerodynamic  procasaas  that  occur  in  flow  pat.  un- 
powered  muNi-elamani  airfoils  in  tha  high  lift  silitude  are 
diacusaad  Charts  showing  permisaibla  pressure  recovery  for 
retarded  flows  sia  prsasnied  The  best  possib<a  load  carrying 
pressure  diatnLirtions  are  dvscribed.  as  wall  as  airfoils  il.at  develop 
the  maaimum  possible  lift  in  fully  attached  flow  It  is  shown 
that  for  a given  optimum  type  of  praasure  distribution  s 
tvMS-alsment  airfoil  can  develop  more  lift  than  a single  slameni 
airfO'l  shared  to  develop  the  same  pressure  distribution  Author 

N79-1R00S  Royal  Aircraft  Estshlishmant.  Fsrnboiough  (England) 
THE  LOW  BREED  STALLING  Of  WINGS  WITH  HIGH  UFT 
DEVICES 

0 N Foster  In  AGARO  Fluid  Oyn  of  Aircraft  Stalling  Nov 
1972  12  p rate  IFo>  availability  see  N73- 14996  06-021 

The  mechanism  of  tha  stall  of  wing  sections  with  high-lift 
devicas  m two  dimeftsional  flow  is  discussed  The  similantiea  to 
the  sicking  mechanism  for  single  airfoils,  and  the  diffa  hncas 
which  arwh  as  a result  of  the  close  pronmity  of  the  multiple 
lifting  alemenis  of  the  wing  section  to  each  other  are  described 
The  effect  of  sveapback  is  discussed  tpr  an  infinite  sheared 


waig  and  for  a fimts  aspect  ratio  wing  with  high  lift  davices 
The  effects  of  practical  fsatures  such  at  part-span  flaps,  and 
flap  and  slat  support  uackaia.  are  illustratsd  by  retarencs  to 
flow  patterns  measuiuo  on  a swept  beck  wing.  Author 

NTS.  16009  General  Dynamics/ Fort  Wo<th,  Tea 
A SIMRUFIEO  MATHEMATICAL  MODEL  FOR  THE  ANALY- 
SIS OF  MULTIEUMENT  AIRFOILS  NEAR  BTAU 
I C Bhstelay  and  R G Bradlsy  In  AGARO  Fluid  Oyn  of 
Aircraft  Slallmg  Nov  1972  12  p rsN  (For  availability  see 

N73- 14998  08-02) 

Potantial-Pow  sna)ytia  msiT.^da.  basad  on  diatnbuted- 
ainguJaritv  modsis.  sra  adequsis  (or  the  prediction  of  aerodynamic 
charsctsrialica  fo'  2-0  multipla-airfoil  lystams  wtiera  vocout 
aRactt  ara  nagligibla.  Htmravar.  for  snslyaia  and  design  of 
high-iiN  ayatama  whsta  viicous  sffacta  dommats.  pocantial-flow 
maihPdt  ara  not  adaquaia  In  ordar  that  lhaaa  viacoua  affects 
may  be  eccounted  tor.  a method  has  bean  formulatad  by  which 
a toluiio.1  la  obtained  thiough  snalysia  of  an  aquwalant  airfoil 
aystam  m potanna)  How  Tha  mathematical  model  for  tha 
equivalent  tyatam  conaials  of  a linearly  varying  vorticity  dratrdwtion 
over  tha  aurfs'.a  of  each  aiiToii  slamant  and  a source  distribu- 
iion  embedded  intide  each  airfoil  slamant  to  aimulala  the 
separatsd  wake  The  boundsry-laysr  doplacament  tfucknaas  is 
aupenmpoaed  on  the  airfoil  contour  to  form  an  squivsieni  airfoil 
aurfscs  for  a.  h elamani  The  flow  downstiaam  of  a separation 
poini  It  allowed  to  develop  as  a fite  tiiatmlina  flow  with  no 
surface  boundary  cond.tiont  Tha  mathemtticti  modal  ■ evaluated 
for  cates  where  ‘ha  locatior.  of  the  teparaiion  pcini  is  apacified 
from  aapanmanlal  data  Tha  pradictid  chordwias  praaaura 
dittnbuiiont  are  shown  to  corraitta  wall  with  aaperimental  data 
for  taveral  multipla  airfoils  iincluding  leading  edge  alais  and 
trailing. edge  slotted  flact)  for  angles  of  attack  near  stall  Author 

NT3-1S010  Royal  Aircrsh  Esiablishmant.  Fsrnboiough  lEnglandl 
THE  EFFECT  OF  UADINC  EDGE  GEOMETRY  ON  HIOH 
SPEED  STALLING 

G F Mott.  A B Hames  lAircraft  Res  Assoc  I.  and  R Jordon 
tAircraft  Ret  Assoc  t In  AGARO  Fluid  Oyn  ol  Aircraft  Sielling 
Nov  1972  16  p refs  (For  svsilabihty  see  N73- 14998  08  021 

ft  It  shown  by  means  of  tn  aaamp>a  how  smell  modiFicationt 
to  the  feeding. edge  piolilt  of  e aweptwing  can  reautt  m large 
effects  on  lift  peiformanca  at  tha  stall  in  the  higher  range  of 
aubtonic  apaeds  Tha  bjsic  types  ol  leadmg-edge  praasure 
distribution  lor  any  one  fisad  gaomtiry  over  the  whole  range  of 
aubaonic  speed  ara  drscuased  and  th.e  diflicuftiaa  in  designing  s 
profits  shape  which  gives  a astiafucloiy  compromise  in  wing 
performance  across  this  rang#  d smphssiisd  Two  typsa  ol 
vsnsbls-geomeny  device  ct  the  leading  tdge  srs  discussed,  each 
of  which  allows  toms  degrsa  ol  opiimusnon  m tha  shape  required 
for  good  aerodynamic  performance  across  the  rings  of  Mach 
numbers  Author 

N73-18011  Air  Fores  Flight  Dynamics  Leb.,  Wright-Psttsrson 
AF8.  Ohio  Control  Oiisns  Branch 

A PRACTICAL  LOOK  AT  THE  BTAU  AND  HIGH  UFT 
OPERATION  OF  EXTERNALLY  BLOWN  FLAP  STOL  TRANS- 
PORT CONFIOURATIONS 

David  J Moorshouse  In  AGARO  Fluid  Oyn.  of  Aircraft  Stalling 
Nov  1972  13  p refs  (For  tvsilsbility  sse  N73-1'i998  08-021 

Some  precticel  design  tspscis  of  tha  stall  ol  powsred-lifi 
aircraft  having  salsrnslly  blown  flaps  srs  consrdersd  Tschntques 
are  sasmined  lor  prsdicting  tha  irKrsmsnl  in  maaimum  lift 
coefficient  due  to  power  Numerical  results  srs  prssemsd  for  tn 
eaisting  theory  based  on  the  assumption  of  a tssding-sdge  stall 
and  the  use  ot  basic  let-flsp  theory  The  accuracy  of  tha  Iftuocy 
IS  bener  than  might  bs  sapectsd  and  an  tmpliicel  factor  is 
added  to  produce  good  coirelsiion  with  meesured  values  A 
complelelv  smpincs'  approach  is  shown  to  bs  affocthrs  as  a 
wmpla  technique  to  provide  quick  approaimtiions  to  the  irKrement 
in  maaimum  lift  coefficienia  Author 

N73-I8012  British  Aircraft  Corp.  Warton  (England)  Aerody- 
narnKS  Dept 

FUOHT  DEVELOPMENT  OF  THE  8TALUNO  CHARACTERIS- 
TICS or  A MIUTARV  TRAINER  AIRCRAFT 
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W.  0 HofCtwM  and  G f.  Wrtton  In  AOARD  FhM  Oyn  el 
Aircrali  8(iiw«||  Nov  1972  9 p (Foe  evoilabiMv  *M  N73-t4*M 

Oe-021 

The  modillcttiont  to  the  Jet  Fiovoel  Mk  8 end  the 
Strtkemeetac  1 87  etrerch  to  improve  the  ttell  wemMtg  charectent- 
lici  ere  reported  The  prooadurea  for  obiuntng  the  detired 
chareeiennica  of  e efeerty  merked  ateU  with  edequete  wemutg 
Ol  the  approech  without  portanv  on  meaimum  lift  and  without 
mwohnnp  lerpa  aucreft  moo.ficetioi«  are  rfaaenbod  Oteprama  ertd 
illuatrationa  of  the  fmel  conhguratiorM  are  mcturled  Author 

M79-19019  General  Ovnamrea/Fort  Worth.  Taa 
•TAuyFOrr-9TAU  CHARACTfRimCt  OF  THf  F ill 
AIRCRAFT 

Oiarlaa  A Anderaon  In  AGAflO  Fluid  Dyn  of  Aircraft  StaUing 
Nov  1972  9 p (For  avaUebditY  tee  N73  14998  06  021 

The  ttaO/poel-ttail  cheractenatica  of  the  F-111  aircraft  are 
dean  iPad  Tlw  cherectariatica  have  bean  defined  on  the  beaia  of 
wind  turaial  twatt.  Ireo-flight  modal  tettt.  rarho  corttrollad  rlrop 
medal  laata.  analytical  analyaia.  and  flight  teata  The  avtant  of 
each  type  of  liaotmg  s diacueaeil  and  a aummery  of  the  laeulta 
ie  preaerdel  A rkecuaeion  of  the  regroaaion  tachiuquea  uaed  to 
oPtam  aerodynamic  derrvativea  m the  high  angle  of  anack  aimulator 
ie  includad  Author 

NTS-18014  Hawker  Siddoley  Aviation,  Ud . Kingat^-i  upon 
Themaa  (Cny^andl 

FOtT-tTAlX  AEROOVNAMIC8  OF  THE  HARRIER  GR1 
Orff  L flora  In  AGARO  Fluid  Oyn  of  Aircraft  SltHmo  Nov 
1972  7 p raft  (For  tvailebilitv  tea  N73  14998  06  021 

The  poat-ttall  aerodyitamica  of  the  Htrner  Gfll  aircraft  are 
dwcueaail  The  requirement  to  aelnave  high  uaabla  lift  <M>affKiantt 
duhng  meneuvanng  at  auPaoruc  epee  da.  without  inorinng  a weighi 
penalty  lor  leading  arlga  davKet  a deaenbad  The  reauHing 
Gharactanatca  of  boundary  layer  eapaianon  aher  (lutfel  onaet 
are  analyiod  The  alloctt  of  arreyt  of  (erv  aa  trad  vortae  generator* 
are  eummed  Author 

N79-180f8  Royal  Nathaiianda  Aircraft  Ftetone*  Fokker. 
Amatardam 

AERODYNAMICS  OF  WING  STALL  OF  THE  FOKKER  F29 
T)  Seliuringa  In  AGARO  Fluid  Oyn  ol  Aircraft  Stalling  Nov 
1972  8 p (For  avarlabilitv  tee  N73-14998  06  021 

Ttie  aerodynamic  rlavelopment  of  (he  F28  wing  with  regard 
to  the  atell  are  deaenbad  Firat.  the  invetngadon  in  the  wirad 
tunnal  la  reported,  rtaalirag  with  the  influence  of  boundary  layer 
fence*,  aecoradfy  the  correlation  with  flight  teats  i*  presented  It 
rtaey  b*  concluded  thet.  apart  from  minor  modification',  tetislactory 
agreement  was  fourad  between  wind  tunnel  and  flight  test 
reeulta  Author 

N73-1B018  Boeing  Co.  Saanle.  Wash 

FFiSOICDNO  THE  LOW  BREED  STALL  CHARACTERISTIC 
OF  TH:  BOEING  747 

John  K Wrmprest  In  AGARO  Fluid  Oyn  ol  Aiiciah  Sielling 
Nov  1972  9 p (For  avadebility  see  N73  14998  06  021 

The  pr*-flig.''l  estimttet  for  th*  Boeing  747.  based  on  wind 
turwial  data  oPtteaad  at  a Reynold*  Nu  nber  of  tppronmately 
1 mAion.  are  praaerned  TTiea*  test  resutii  wars  adiutled  (c 
fuN  teal*  flight  value*  using  correlation  factors  develored  from 
other  Boeuag  trtntpon  airplanes  At  an  indepedtni  check,  high 
lift  dau  were  obtained  in  a prasauruad  wind  lunnel  up  to  a 
Reynoldi  Number  of  7 6 million  trad  tnrapol'iied  to  the  fui' 
ecal*  valu*  of  40  million  Flight  lasullt  show  thnt  th*  corrtlation 
factors  were  moderately  successful  in  piedicnng  suH  speeds 
Also,  eelrapolating  the  pressur*  tunnel  data  to  full  seal*  Reynolds 
Numbers  predvied  the  flight  valu*  of  maiimi  m lih  coefficieni 
with  reaaqnebl*  accuracy  The  wind  tunnel  da  a at  all  Reynolds 
Numbers  predicted  tausfactory  hamPing  charact  i.'itlict  throughout 
th*  ttell  thet  were  confirmed  during  flight  testing  Author 

N71-1801T  Air  Fore*  Flight  Dynamics  Lab  Wnght-Paltarson 
AF8.  Ohio  Aaiomechanica  Branch 

ON  AIRFLOW  SEPARATION  AND  BUFFET  ONSET  DURING 
FIGHTER  AIRCRAFT  MANEUVERING 

Peter  J Butkewict  In  AGARD  Fluid  Dyn  of  Aircrah  Stalling 
Nov  1972  10  p raN  (Foi  avtiltbil.lv  see  N73  14998  06  021 


An  aaparimenttl  flight  test  program  was  sporatored  to 
determin*  th*  buffet  characteristic*  of  four  high  performance 
aecraft  Th*  aircraft  were  flown  m trtntonic  mtneuvert 
ancdamtanrag  conddiont  of  buffeting  onset  through  heavy  buffeting 
The  auertft  were  instrumented  with  accelerometers,  wing  root 
strain  gage*,  wiiag  static  presaur*  taps,  and  on*  wing  was  tuftad 
for  flow  msualuttion  photograph*  Th*  aircraft  were  flown  in 
the  beseliiaa  configurtiion  at  well  as  with  various  deflectione  of 
leadwag  and  trailing  edge  flaps  Th*  results  of  the  flight  test 
program,  th*  effect*  of  mechanical  high  lih  devicss  on  buffet, 
aitd  tom*  wind  tunnel/flight  test  correittiont  art  presantad 

Author 

N73-1901B  Royal  Aircraft  EtiePlithment.  Bedford  (England) 
THE  DYNAMIC  ANALYSIS  OF  BUFFETING  AND  RELATED 
PHENOMENA 

J C Jorva*  In  AGARD  Fluid  Dyn  ol  Aiicitfi  Siallmg  Nov 
1972  10  p ref*  (For  avti<ability  see  N73  14998  06  021 

A dynamic  analyti*  of  bulleting  and  related  aarodyrtamic 
phenomervt  i*  presented  Th*  closed  kxip  interaction  between 
th*  fluid  motion,  involving  separated  flow,  and  the  motion  of 
the  wing  surface  is  tnalyied  Th*  problem  ol  formulating  an 
appropiiat*  thtoi*tic*l  model  for  buffatmg  is  discusaed  An 
trtelogaus  problem  corKeinmg  th*  choica  of  tppropnat*  analytical 
model*  for  oscillatorY  ngid-borly  motion,  krwwn  at  wing  rocking. 
It  aummed  Buffeting  maasuiements  obtained  from  flight  tettt 
of  ftnall  combat  trainer  aircrah  art  inclurfed  Authoi 

NT3-16019*  National  Aeronautics  and  Space  Administration 
Langley  Resetich  Cental.  Langley  Station.  Vt 
MANEUVER  AND  BUFFET  CHARACTERISTICS  OF  FIGHT 
ER  AIRCRAFT 

Edward  J Ray  (McOcnitsll  Aircrah  Co.  St  Louis).  Lrnwood  W 
McKinney,  and  Julian  C Carmichael  In  AGARD  Fluid  Dyn  •>( 
Aircrah  Stalling  Nov  1972  II  p rsfs  iFoi  tvailsbiiily  *** 
N73  14998  06  021 

Th*  high  subsonic  and  iiansomc  chartclenttict  of  fighiai 
aircrah  and  th*  factors  affecting  terorlynamic  boundaries,  auch 
a*  mtaimum  obtainable  lih  bi  fftt  onset,  pnehup.  w.ng  rock, 
and  not*  alic*  are  discussed  investigations  war*  mad*  utmg  a 
general  raaatrch  configuration  which  ancomptatad  a tvstamtiic 
mains  of  wing  design  persmelert  Thet*  results  emphitited  th* 
tensnrviiy  to  taction  and  planform  geometry  at  th*  teltctad  design 
pCMOt  Th*  mcorpoieiion  ol  veiiabte  wing-geometrY  devices  in  the 
form  ol  Isading  edge  lists  or  flsot  wis  shown  in  e number  of 
flight  and  wind-lunnst  tiudiss  to  provid*  conirolltd  flow  ovsr  i 
wide  rang*  of  flight  condiiiont  end  lubilantiel  improvements  in 
maneuver  ctpabilitias  Additional  studies  indicated  that  Ihs 
blending  ol  a highly  swapt  mtneuvar  siiaka  with  an  ahiciant 
mcdaralaty  swept  wing  offers  s promising  approach  for  improving 
maneuver  characteristics  st  higfi  angles  of  attack  w-lhout  exceesive 
penatliee  m siructural  weight  Author 

N73-1S020  Nevsl  Air  Systems  Co.Timtnd.  Washington.  D C 
AERODYNAMIC  DESIGN  AND  FLIGHT  TEST  OF  Uf  NAVY 
AIRCRAFT  AT  HIGH  ANGLES  OF  ATTACK 
W R Bur  IS  and  J T Lawrence  In  AGARD  Fluid  Dyn  of 
Aircrah  Stalling  Nov  1972  10  p raft  (For  availability  sae 

N73  14998  06  02) 

Tha  aerodynami:  datign.  angineanng  davalopmant.  and  flight 
leaiirtg  of  naval  ancah  *1  hqh  tr.glas  ol  altack  art  ditcuated 
The  flight  regime  beginning  with  buffet  onset  end  proceeding 
up  through  departure  fiom  connolled  flight  is  irvasliueied 
Potl’tiell  gyreiions  end  apm  lecovery  are  enalyred  The  impo'’ 
lance  of  the  design  process  for  low  speed  flighi  nebility  it 
emphssued  Author 


N73'169B9||I  Advitbry  Group  for  Aerotptre  Resstreh  tnd 
Development  Fans  (Ftancel 

BrABiury  and  control 

Nov  1972  306  p raft  Proceedings  ol  th*  40th  Meeting  ol 
the  Flight  Mtch  Panel  ol  AGARO  Braunschweig  Weal  Gaimtny. 
to  t3  Apr  1972 

IAGAR0  CP  I19I  Avail  NTIS  HCS17  25 
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Sumnuntt  of  pcpci*  prM*nt«d  «1  conHnnct  conc«ming 
•ircrafi  MaMitv.  control,  manauvotabilitv  and  daaign  art  laportad. 
For  indrvidual  wlaa.  laa  N73-1099O  through  N73-17013. 

Author 

NT3-16M0  National  Aaroapaca  Lab..  Amatardam  (Natharlanda) 
tUMMANV  OF  AGARO  MCtTINO  ON  RRORLEM*  OF  THE 
COCKRIT  ENVIRONMENT,  NOVEMBER  IBM  IN  AMCTER- 
OAM,  NETHERLANOB 

J J P Moalkar  In  AGARO  Stability  and  Control  Nov  1972 
9 p raN  (For  avaUability  saa  N73- 16989  06-021 

PfoMama  ralatad  to  tha  procati  of  man-machina  ciMnmunrca- 
tion  ara  (bacuaaad  with  amphat'a  i>n  cockpit  informabon- 
ganaration.  draptay.  and  tianafar  Tach'iiquaa  lor  tha  ovaluation 
of  cockpit  gaomatry.  diaplay  ayaiama  and  cockpit  workload  are 
auimnaraad  logathar  with  tha  aaaociatad  anthropomatncal  data 
and  typaa  of  daplay  ayatama  Author 

N73-1BBB1  Contra  d'Eaaaia  an  Vol.  Bratigny-aur-Orga  (Franca). 
AEROELABTIC  EFFECTS  PROM  A FUOHT  MECHANICS 
STAND  POINT 

J.  F.  Ranaudia  fn  AGARO  Stabdity  and  Control  Nov.  1972 
t7  p In  FRENCH  (For  availability  aaa  N73-16989  08-02) 

Mathoila  lor  calculating  tha  affocta  of  aaroalaaticity  on  aircraft 
flight  ara  dracuaaad.  Data  covar  aarodynamica  of  flaaibla  rotiva. 
fli^it  dynamica  of  flaaibla  aircraft,  akpanmantal  datarmination  of 
flaubdity  for  llaiibla  aircraft,  atabilrty  augmantaiion  ayaiama. 
and  problama  ol  datarminmg  influanca  of  aarodyna.nic  forcaa 
on  flaaiWo  aircraft  Tranai  by  E H W 

N73-1SS92  Bntitii  Aircraft  Corp..  Pratton  (Ertgland).  Military 
Aircraft  Oiv 

SUMMARY  PAPER  ON  S.MULATION  MEETING.  SPRING 
1970  AT  NASA  RESEARCH  CENTER 
A G 8arnaa  In  AGARO  Stability  and  Conlrol  Nov  1972 
6 p raf  (For  availabilrty  aaa  N73- 18989  06  02) 

Tha  er>nfaianca  on  flight  aimulation  la  aummaritad  Topira 
diacuaaad  irtclurla:  aimulation  obtacdvaa.  aimulator  charactanttica. 
daaign  of  anpanmanta.  aimulation  laaulta.  and  analyaia  F 0 S 

N73-1BSS3  Air  Force  Flight  Oynamica  Lab..  Wnght-Pattaraon 
AFB.  Ohio 

HANDUNG  QUALITIES  CRITERIA  AND  REQUIREMENTS 

William  E.  Lamar  ind  Tarry  L Neighbor  In  AGARO  Stability 
and  Control  Nov.  1S72  19  p rafa  (For  availability  aea 

N73-18999  06-02) 

Summanea  of  papara  praaentad  at  tha  confaranca  on  flight 
gualhiaa  ara  praaentad.  Topica  diacuaaad  inctuda  flyi.ig  qualitiaa 
lor  conventional  and  V/STOL  aircraft,  man-machina  raaaarch. 
and  tha  aaiabliahmant  of  cntaria  F C S 

N73-16SS4*  National  Aaronautica  and  Space  Adminiatralion 
Amaa  Raaaarch  Canter.  Moffett  Field.  Calif 
CONSIDERATIONS  FOR  STABILITY  ANO  CONTROL  OF 
V/STOL  AIRCRAFT:  A REVIEW  OF  AOARD  REPORT  677 
Seth  B Ariilaraon  and  Laurel  G Schroara  (Army  Mobility  R and 
0 Lab.)  In  AGARO  Stability  and  Control  Nov  1972  10  p 

rah  (For  availability  aaa  N73- 16989  08-02) 

CSCL  01 B 

Raviaiona  which  have  bean  made  to  pravioua  V/STOL  handling 
qualitiaa  laquirmanta  baaed  on  ciitana  ara  diacuaa^  A diacuMion 
of  the  pdot'a  daaira  lor  a particular  charactanatic  la  grvan  In 
addhion.  data  ar>d  rafaianca  malarial  ara  provided  to  back  up 
lha  propoaad  criteria  to  paimit  lha  uaar  to  undaraiand  lha 
limitationa  of  tha  data  on  which  the  cmana  are  baaed  A review 
la  inclurlad  of  aavaial  coniroveraial  arnaa  including  pitch  control 
aananrvity.  atatic  longitudinal  atabrlity.  toll  control  powa:.  roll-yaw 
croaa  coupling,  and  verticat  flighi  path  control  Author 

N73- 16998  Air  Force  flight  Oynamrea  Lab..  Wright  Pattfraon 
AFB.  Ohio 

MISSION  EFFECTS  ON  STABILITY  ANO  MANEUVER- 
ABIUTY 

Oiarlea  S Weatbrook  In  AGARO  Stability  and  Control  ryov 
’“T2  np  raft  (For  availability  aaa  N73- 18989  08-02) 

Tha  ralationahip  between  tha  miaaion  raquiramenia  of  a 


pdotad  aircraft  and  ita  atability  and  manauvarabilitY  are  dafinad 
The  framework  utdizad  in  current  U S Air  Forca  handling  qualitiaa 
rathiremama.  i.a.  cfaaaification  of  aircraft,  flight  phaaaa.  lavala. 
atataa.  etc.,  ia  daacribad.  Examplaa  of  varioua  aircraft  daaignad 
ftK  Orta  miaaion  and  than  utilirad  for  other  miaarorta  ara  grvan. 
A ditcutaron  ia  praaentad  of  the  problamt  ancountared  whan 
tha  dauilad  maaion  requiramants  ara  rxit  clear,  auch  aa  with 
V/STOL  aircraft,  reentry  vahiclaa.  ate  Problamt  ancountared  with 
oR-daatgn  eorvktiona  and  operation  at  tha  limht  of  tha  flight 
anvelopa  are  dracuaaad  with  mamplaa  Tha  vanout  mathodj 
open  to  the  daaignar  for  achieving  tha  proper  compromiaaa  in 
daaign  of  an  aircraft  ara  outlinad  Author 


N73- 16896  Bntiah  Aircraft  Coip . Praaton  (England)  Military 
Aircraft  Div 

DESIGN  CONSIDERATIONS  FOR  THE  SATISFACTORY 
STABILITY  ANO  CONTROL  OF  MILITARY  COMBAT 
AEROPLANES 

6 fl  A Burnt  In  AGARO  Stability  and  Control  Nov.  1972 
28  p rah  (For  availability  aaa  N73- 18989  08-02) 

Daaign  entana  for  achieving  tatitfactory  atability  and  control 
for  miinaiy  aircraft  are  reviawad  along  with  officitl  raquiramantt 
Soma  of  tha  difhculliat  ol  daaigning  to  meet  tha  atandarda  of 
thaaa  cmana  aro  conaidtrad  Topica  diacuaaad  include  longitudinal 
eubility  and  control,  and  lateral  atabrlity  and  control.  Author 

N73- 16997  Tachniacha  Hochachula.  OarmaUdt  (Weat  Germany). 
THE  EFFECTS  OF  THRUST  CHARACTERISTICS  ON 
LONGITUDINAL  STABILITY  IN  SUPERSONIC  FLIGHT 
G Sacha  /n  AGARO  Subility  and  Control  Nov  1972  16  p 

refi  (For  avadabrlity  aaa  N73- 16989  08-02) 

Tha  influanca  of  lha  venation  ol  thiuit  with  ipaad  and 
height  on  the  dynamic  atability  of  tha  longitudinal  motirin  in 
aupareonic  flight  ia  ahown  The  effacta  directly  ralatad  to  thruat 
changaa  are  daaenbad  along  with  the  effacta  due  to  piiehing 
momenta  which,  aaaociatad  with  throat  characterialica.  depend 
Oh  tpaad  and  height  The  thruat  influence  on  two  mathoda  ol 
artificial  itabiliution  of  long-laim  modaa  la  alto  mvaaiigatad 

Author 

N73-16B9S  Sociata  Neuonala  Induatrialle  Aaroapatiala.  Paria 
(Franca).  Dapartemam  Racharche. 

INFLUENCE  OF  THE  MASS  AND  MASS  DISTRIBUTION 
ON  FLYING  OUAUTIEB  (INFLUENCE  OE  LA  MASSE  ET 
OE  LA  REPARTITION  DE  LA  MASSE  SUR  US  QUALITES 
OE  VOL) 

Marc  Maaniara  in  ACARD  Stability  and  Control  Nov.  1972 
9 p rafa  In  FRENCH  (For  availability  aaa  N73- 16989  08-02) 
Several  techniquaa  pariinanl  to  determining  the  influanca  of 
maaa  and  maai  ditlribuiwn  on  the  handling  gualitiat  of  aircraft 
are  praaented  Particulai  attention  waa  given  to  letaral  and 
longitudinal  maneuverability  and  tha  influence  ol  ineitia  on  the 
pnrKiple  aiia  nit  angle  Several  axamplea  uaing  a Corvett  aircraft 
are  grvan  Tranai  by  £ H W 


N73- 18999  Royal  Aiicrafl  EataMiahmant.  Bedford  (England) 
Aarodynemice  Dept 

THE  ROU  OF  THEORY  AND  CALCULATIONS  IN  THE 
REFINEMENT  OF  FLYING  QUALITIES 

W.  J C Pineker  In  AGARO  Stebilrty  end  Control  Nov. 
1972  13  p reft  (For  eveilability  eae  N73-16989  08-02) 

Tha  piaeam  eiala  of  the  art  in  hardling  quelmae  raaaarch 
and  daaign  re  broadly  turvayad  with  particuler  arr.phatia  on  iha 
rofa  of  theory  and  paper  ttudiae  in  thit  Field.  Tha  eignficanc# 
and  tcopa  of  handling  ciitane  it  cnticelly  diecuetad  at  eetnng 
taigata  for  flying  quelitiae  rleaign  The  capebilitiee  end  limitttioni 
of  theory  ere  than  corteiuarad  in  euch  artae  at  derivative  pradiction. 
rigid-body  eiibility  end  .aaponta  calculatiorta.  piadiciiona  of 
a>ability  under  partial  contuaim  artd  under  active  piloi  comrol 
Firtally  tome  general  ooneidaration  it  given  to  novel  flying  quelmee 
problame  aeaocieted  with  the  mlroduclion  of  etebilitY  end  control 
augmametion  eytlemt  Author 
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THS  flOLK  OP  TMCCI^CTICAL  i»TUr;%4  OP  PL10>4T 
0YNAMIC8  IN  RPIATION  TO  PUQHT  TESTING 
H.  H B.  M Tbom4ft  M AGARD  StpUhry  and  Control  Nov 
1972  13  p rafa  i*^or  availabtlitY  saa  N73-169B8  06-02) 

K a argfuod  that  cakulAions  h«va  an  imponant  roio  to  play 
in  thp  planninp  o^.  the  conduct  of,  and  the  anaiyaia  of  flight 
teata  Tbie  m eapeciallv  true  of  thoae  araa^  of  flight  teaiing  which 
irwotva  maneuver*  rtc&r  'imiting  flight  conditioni  m which  prafliQht 
oeteuletiona  ere  mvalueol*  m errrvirtg  at  a claaier  definitioo  of 
the  oPtective  of  a tatt.  Provided  the  aerodynamK:  force*  acting 
on  the  aircraft  can  te  adeouate^y  and  reliabiy  repreaanted.  there 
I*  inherent  drfficultY  about  undertatung  the  solution  of  the  equaiK>r\a 
of  motion  in  an  appropnata  rinmbar  of  degrees  of  freedom  with 
the  aid  of  availebla  digital  computer*.  Tha  real  problam,  therefore, 
liea  in  reducing  to  a macMigaabla  form  the  output  of  auch 
computer  atudie*  and  thereby  achieving  a deeper  underaiandir>g 
of  and  a mere  rsady  interpretation  of  the  results  As  an  invstrat»ve 
example,  the  longitudinal  motion  of  an  aircraft  mvolvir^g  an 
extended  angle-of-aitack  range  la  considered  Author 

N73-17013*  Natioctal  Aeronautica  and  Space  Administration 
Flight  Research  Canter.  Edwards  Cah* 

PLIGHT  TEST  EXPERIENCE  IN  AIRCRAFT  PARAMETER 
lOENTIFICATION 

Cheaiar  H Wolowicz.  Kenrseth  W liiff.  and  Glenn  6 Gilyard  /n 
AGARU  Stability  ar>d  Control  Nov.  1972  13  p refa  (For 

availabil'Ty  aee  N73- 16989  08-02) 

An  automatic  method  for  determining  stability  and  control 
darp/atrvaa  from  flight  data  la  praaanied  Tha  technique,  a 
modification  of  the  Newton -Raphsom  method  for  derivative 
extraction,  ha*  a priori  provision  that  makes  usa  of  initial  estimates 
Of  the  derivative*  arsd  provide*  a means  of  checkmg  the  vehdity 
of  the  resufta.  Recommendations  for  applications  of  the  method 
are  ifKiuded  Author 

N73*17013  Aerospaiiala  Usmes  da  Toulouse  (France) 
UTIUEATION  OF  BLACK  BOXES  FOR  IMPROVING  THE 
CHARACTERISTICS  OF  PILOTAGE  DURING  THE  AIRCRAFT 
DEVELOPMENT  PHASE  (UTILISATION  0E$  BOlTES 
NOIRES  POUR  AMELIORER  LES  CARACTERlSTIQUES  OE 
PILOTAGE  DURANT  LA  PHASE  OE  DEVELOPPEMENT  O'UN 
AVION) 

R.  Deque  /n  AGARO  Stability  and  Control  Nov  1972  12  p 

In  FRENCH  (For  availability  see  N73-16989  08  02) 

Problems  encountered  while  trying  to  modify  the  flight  control 
system  of  the  Cor>corde  aircraft  during  the  development  phase 
are  reported  They  are  (1)  tendency  ol  pilot  engine  to  pump  in 
a lateral  direction  during  supersonic  flight.  (2)  consecutive  skid 
with  motor  breakdown  at  Supersonic  speed,  and  13)  conim'  of 
the  aircraft  after  cut  off  of  the  piloting  gear  The  modifications 
made  to  correct  these  problems  are  g>«en  Trrnsi  by  E H W 


N73-1B0^3#  Advisory  Group  for  Aerospace  Research  end 
Devefopment.  Pans  (France) 

TECHNICAL  EVALUATION  REPORT  ON  FLUID  DYNAMICS 
PANEL  BPECIAUBTB  MEETING  ON  FLUID  OYNAMICt  OF 
AIRCRAFT  STALLING 

R C Pankhurtt  (Royal  Aircraft  Eatab..  Teddesgion  UK)  Nov 
1972  11  D reft  Conf  held  at  Lisbon.  29-26  Apr  19/2 
(ACARO-AR-49)  Avail  NHS  HC  $3  00 

An  evaluatioo  of  the  fluid  dynamic*  of  aircraft  stalling  t» 
pnasanted  The  aerodynamic  charactenstics  of  ii>e  aircraft  stal* 
at  both  low  and  high  speed*  are  diicuieed  Particuicr  referertoe 
It  made  to  the  design  er^f  operation  of  combei  and  tranepoft 
aircraft,  mciudmg  buffet  penetration  and  post-stall  behavior  Matoi 
iubfct  areas  corKem  flight  experience,  flight  tatting,  wind 
tuTM^  measurement*.  ar>d  theoretical  prediction  methods  The 
effect*  of  three  dim#ns*or\ef  flow,  the  influence  of  sweep  beck, 
end  the  design  and  performance  of  light  lift  devices  are 
anafyied.  Author 

N73-10O3O)(I  Advisory  Group  for  Aerospace  Research  and 
Oevelopmam.  Pans  (France) 

RfCCNT  OtVELOPMENTS  IN  ELIOMf  fLUTTEH  TE8TIN0 
IN  THE  UNITED  STATES.  SUPPLEMENT  TO  THE  MANUAL 


ON  AEKOELASTICITV.  VOLUME  4.  CHAPTER  10 
E.  F a*im  (Grumman  Aarotpaca  Corp  I and  W.  6 Oark  (Grumman 
Aaroapaca  Corp.)  Oac  1972  27  p raft  Praianttd  at  34ih 
AGARD  Struct  and  Malar  Panal  Maattng,  Lyngby.  Oanmarti. 
11  Apr  1972 

IAGAR0-R-S9SI  Avail  NTIS  HC  $3.60 

Atlvancat  m tha  rapid  and  accurata  datarmination  of  fluttar 
charactarrttict  through  tha  uaa  of  high  apaad  computara  ara 
diacuaaad  Commanta  ara  praaaniad  on  loma  flight  fluttar  taatmg 
piocadurai  m uaa  and  undar  davalopmani  A modal  matching 
tachnigua  la  daaenbad  Thu  tachniqua  raducai  data  analyna  lima 
and  la  compatibla  with  ralativaly  faat  data  acquiaition.  Raaulta 
of  modal  matching  whan  appliad  to  thaoratical  raaponaa  data 
ara  praaanttd  and  comparad  with  actual  flight  fluttar  tatting. 

Author 


N73.20023I  Advitotv  Group  lor  Aarotpaca  Raaaarch  and 
Oavalopmant.  Pant  (Franca) 

A SUMMARY  OF  THE  ANALYSIS  OF  OUST  LOADS 
RECORDED  BY  COUNTING  ACCELEROMETERS  ON 
SEVENTEEN  TYPES  OF  AIRCRAFT 

I.  W Kaynat  (RAE  Farnborough)  Oac  1972  713  p rt(t 

Praaanttd  at  tha  3Sth  Struct  and  Mattr  Panal  Matting.  Toulouaa. 
F.anca.  26  Sap  1972 

(AGARO. R SOS  AGAflD.586  Add)  Avail:  NTlS  HC  $7  75 
Tha  collaction  and  proctumg  of  guai  load  data  obttinad 
from  counting  accaloromatara  during  twanty  yaara  of  racordmg 
It  daaenbad  Ttbtaa  of  tha  tccalarationa  and  aguivtlant  gutit 
ara  praaanttd.  tha  lailar  having  baan  calculated  by  both  diacrata 
and  apactrtl  guai  modalt  Tha  gutt  frtguancy  ditiribution;  s.e 
diacuaaad  Author 


N73-21008#  Adviaory  Croup  for  Aeroapace  Reaaarch  and 

Davalopmani.  Pane  IFrancal 

ADVANCED  ROTORCRAFT.  VOLUME  1 

Fab  1973  237  p raft  Ptavanied  al  lha  39th  matting  ol  (he 

Flighi  Mach  Panel  ol  A(5ARD.  Hampton.  Ve . 20-23  Sap  1971 

IAGAHD  CP-1211  Avail  NTIS  HCS14  00 

The  proceadingt  ol  a conleience  on  rotary  wing  ancralt 
davalopmanli  ara  praaanied  The  ob|activaa  ol  lha  aympoaium 
are  given  at  HI  review  ol  onpanancea  gamed  Irom  exiatmg 
halicoptai  oparaliona,  (21  ravew  ol  lataona  obtained  Irom  flight 
teata  ol  axpanrr.anial  helicrxplert.  (31  diacuaaion  of  lha  future  of 
advariCvO  rotorcrall.  and  (41  ground  teat  (acihlias  (or  raaaarch 
and  davalopment  o(  new  roiorcrah  For  individual  litlaa.  aae 
N73-21009  through  N73  21030 

N73-21009  Service  Technique  Aarontuliqua.  Pant  (Francel 
tactical  flight  OF  HELICOPTER  AND  REPERCUSSIONS 
ON  THE  CONCEPTION  |LE  VOL  TACTIQUE  OE  L HELICOP 
TERE  ET  LES  REPERCUSSIONS  SUR  SA  CONCEPTION) 

M Sarthoux  In  AGARO  Advanced  Roiorcrah.  Vol  1 Feb 
1973  5 0 in  FRENCH  (For  availabiln/  see  N73  21008  12  02) 

Onein  retlections  on  ihe  tapecis  ol  the  problem  of  tactical 
halicooter  flight  are  made  in  light  ol  experience  ecquned  m the 
domem  ol  aeromoO>liiy  Ahei  having  examined  the  tactical 
environment,  raaaarch  waa  done  on  lha  aftacta  ol  auch  environ- 
manri  on  helicopter  performance  Tronal  by  E H 1h/ 

N73-21010  Royal  Aircrah  Ealabliahmeni.  Bedford  (E'-.gland) 
THE  OPERATION  OF  HELICOPTERS  FROM  8M/»LL  SHIPS 
J B B Johnalon  In  AGARD  Advanced  RotOrcrail  Vot  1 
Feb  1973  15  p (For  evailab.My  see  N73-21008  12  07) 

Procedures  foi  operaiirg  hwlicopiers  Irom  the  decks  o*  email 
ships  are  dtscusaad  The  subjects  p.'esenied  are  (1 1 an  overall 
view  of  the  operation.  (2)  types  of  helicopters  in  use.  (31  types 
ol  ships  used.  (4)  problem  ol  deck  size  and  superstructura  (SI 
nature  and  effaci  of  air  how  around  (he  ship,  and  (6)  problam 
of  ahrp  motion  PraJiminary  flighi  tests  to  investigate  the  identitiad 
problema  are  reported  Author 

N73-21011  Sociele  Nalmnale  Industnelia  Aerospatiale  Pans 
(Franca) 

TEN  YEARS  EXPERIENCE  WITH  THE  HELICOPTER  FROM 
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OFCRATION  IN  FAENCH  AAMY  (OIX  ANS  O’EXPERIENCC 
AVEC  Ut  HEUCOPTEAE8  EN  OPEAATION  OAN8  LC8 
ARMEES  FRANCAI8ES! 

A M AGAAO  AdvarK^d  Rotorcrati.  Vo<  1 Ftb 

1972  3 p In  FRENCH  (For  avaiUb.lttv  «*«  N73  2KX>a  U 02) 

Holicoptof  porlormonco  ar  d«term«r>od  by  • tan  yaai  itudy 
in  varioui  militirv  environmanu  it  raporied  Oau  cov«<  rotational 
lYttama.  ipecial  aquipmant.  and  various  anvironmental  iituuaiioos 
iricl«idif>ojactical  oparttiona.  Halicopter  support  acirvinas  ara  also 
d«cuaaad.  Transl  bv  E H W 

N73-21012  Sarvica  Tachniqua  Aarooautiqua.  Pans  (Franca) 
REUABIUTT  AND  SAFETY  OF  OPERATING  MECHANICAL 
HEUCOPTER  PIECES  (FIASILITE  ET  SECURITE  EN 
OPERATION  DES  PIECES  MECANIOUES  POUR  HELICOP 
TERES) 

S Barnar  /n  AGARO  Mdvancad  Rotorc^ab.  Vol  1 fab 
19: 3 9 p In  FRENCH  (For  availatxhtv  sai  N73  21008  12-02) 

Afitr  datarmininq  tha  sarvica  Itfa  of  tha  machanical  parts  of 
a halicopiar.  fail  safa  systam  characteristics,  qualifications  of 
transmiaaioo  box  mechanisms,  than  mitial  contribution  and 
potential  utiluation  ware  dataiminad  Fabrication  matarials  and 
procaduraa  from  both  Britain  and  the  U S are  compared 

Transl  by  E H W 

N73-21013  Army  Av:5«*on  Systems  Test  Actrvity.  Edwards. 
AF8  Calif 

GREATER  EAFEIY.  MAINTAINABILITY.  AND  RELIABILITY 
THRC'UOH  IMPROVED  HELICOPTER  FLIGHT  TESTING 
Gerald  E Swackar  In  AGARO  Advanced  Rotorcraft.  Vol  1 
Fab.  1&73  15  p raft  (For  availabihty  sea  N73-21006  12-02) 

Oatti  obtained  from  halicopter  Right  test  programs  are 
praaantac'  Greater  safety,  maintainability,  and  raliabtiity  are  bairvg 
assured  through  constantly  improved  flight  tasting  tachniquas 
and  tha  use  of  state-of'tha-art  instrumentation,  data  acquisition, 
and  data  reduction  equipment  More  stringent  helicoptar 
parformanca  criteria  are  placing  greater  demends  on  the  teat 
•gencias  tc  devise  new  methods  and  procedures  for  collacting 
and  analyair  g data  Included  are  such  programs  as  ( 1 ) tha  AH  • 1 G 
(Cobra)  helicoptar  ar^  a simplified  approach  to  fmdirig  haight 
loaa  dunrtg  diva  recovery  from  throttle  chops:  (2)  recommendation 
of  limittrtg  AH-1G  tail  rotor  control.  (3)  0H-6A  g loads  axpanencad 
at  high  fraduartcies  during  weapons  firing.  (4)  recommended  pilot 
cues  to  define  e sale  AH-1G  envelope  following  engine  fariure. 
(5)  investigation  of  large  sideslip  end  pitch  excursions  following 
throttle  chops  in  the  TH-SS  helicopter.  (6)  ident<ficeticn  of 
requireme.Ma  foi  AH-1G  irtstrumem  flight -rule  (IFR)  eveijetion. 
(7)  results  from  OH-58  and  AH-10  helicopter  heighr  velocity 
(H-V)  (eutoroietionai)  testing  with  diKussion  of  epp'ication  to 
operationel  uae.  and  (9)  AH-lG  maneuvering  'imits  from 
return-tO'target  profiles  Tests  conducted  witr  the  AH  IQ 
heltcopier  determined  relurn-to-target  nme.  height  toet  dunr^ 
pullout  from  a diva,  and  othar  maneuvenrig  ch;srecteristics  The 
concept  of  energy  maneuverability  has  been  established,  and 
significarti  data  have  been  added  to  the  liter'jture  Author 

N73-21014  Navel  Air  Test  Center.  Patuxent  River.  Md  Rotary 
Wmg  6rar>ch 

A NEW  LOOK  AT  HELICOPTER  LEVEL  FLIGHT  PERFORM 
ANCE 

Alien  6 Hill  In  AGARO  Advanced  Rotorcraft.  Vol  1 Feb 
I9'^3  9 p (For  availebilitv  see  N73  21008  12-02) 

Helicopter  level  flight  performance  date  are  presented  as 
powar  coefficient  (c  sub  p versus  tip  speed  or  advance  ratio  for 
a range  of  thruat  coafficienti  (c  sub  tl)  This  data  presentation 
was  developed  from  morrentum  and  blade  element  theory  The 
power  coefficient  is  a nondimansional  expression  for  the  mem 
rotor  shaft  horsepower  required  The  mem  rotor  shift  horseprwver 
required  ccr>sisit  of  profile,  ps'sute  end  induced  power  The 
edvar«;e  o;  trp  speed  ratio  1$  a r>ond;menstone)  lat-o  of  flight 
and  mam  rotor  rotations!  speed  The  thrust  coefficient  is  a 
nondimer>e«onai  exprassion  for  thrust  required  It  should  probably 
be  ceiled  (he  weight  coefficient,  since  vertical  drag  is  normally 
ignored.  ar>d  thrust  it  replaced  by  gross  weight  A representative 
classic  helicopttr  level  flight  performance  curve  is  presented 

Author 


N73-21016  Royal  Aircraft  Esiablishmeni.  Bedford  (England) 
GOME  FUOHT  EXPERIMENTS  ON  THE  XH  61  N HELICaP- 
TER 

P brotherhood  ar>d  C.  A James  In  AGARO  Advar\ced  Rotorcuft. 
Vol.  I Feb.  1973  12  p refs  (For  svailsbility  see  N73-21008 

12  02) 

Flight  tests  of  the  XH-S1N  helicopter  are  reported  The  testa 
were  primarily  concerned  wth  helicopter  stability  and  control 
Several  combir^ations  of  gyroscopes  and  control  springs  were 
evaluated  The  pnncipi^i  etfecta  of  the  char>ges  m configuration 
were  variationa  in  oontrnt  sensitivity  and  rotor  dampmy  A vanation 
in  static  stahility  due  to  a diffarently  shaped  gyio  arm  was 
reported.  Author 

N73-21016  Masaerschmitt-Boetkow  Blohm  G m b H , Ottobrunn 
(West  Germany) 

INFLUENCE  OF  ELASTIC  COUPLING  EFFECTS  ON  THE 
HANDLING  QUALITIES  OF  A HINOELEB8  ROTOR  HELtCOP 
TER 

G Reichert  and  H Huber  In  Agard  Advanced  Rotorcraft. 
Vd  1 Feb  1973  1$  p reft  (For  availability  sae  N73-21009 

12  02) 

Stabiiity  and  control  of  a helicopter  with  a hmgeiess  rotor 
systam  is  mainly  influenced  by  the  elastic  flapping  motion  of 
the  rotor  blades  On  a rotor  wuh  torsionalty  flexibla  blades  or 
elesticity  m the  control  system  there  csn  be  additional  aaroelat- 
tic  effects,  which  act  as  control  inputs  on  the  blades  After  a 
shoa  deKnption  of  the  rotor  system  and  the  analytical  model, 
the  reasons  ar>d  the  influences  of  elastic  coupimg  effecia  on  the 
stability  and  control  behavior  o(  a hmgeiess  rotor  hehcoptsr  are 
discussed  There  ere  effects  which  result  from  the  aerodynamic 
characteristics  and  front  the  chordwise  mass  distribut'on  on  the 
biede  Additional  coupling  effects  result  from  flapping  and  mplane 
deflections  out  of  the  pttchmg  control  axis  similar  to  a pitch-flap 
•eg-coupimg.  Tiieoredca!  results  arc  compared  with  flight  test 
data.  Author 

N73-21017  Westland  Hein  rpiers.  Ltd.  Yeovil  (England) 
GROUND  AND  FLIGHT  TEST  EXPERIENCE  WITH  THE 
WESTLAND  SCOUT  HINGEUSS  ROTOR  HELICOPTER 
D £ H Balmlord  In  AGARO  Advanced  Rotorcraft.  Vol  1 
Feb  1973  12  p (For  availabilily  see  N73-2'008  12-02) 

The  flight  test  experience  gatr>ed  during  the  basic  clearance 
of  a Westland  Scout  helicopter  fitted  with  a reduced  scale  verS'on 
of  the  hmgeiess  rotor  system  is  discussed  The  bene  clearance 
was  airr>ad  st  producing  an  aircrah  with  sufficient  capability  to 
embark  upon  a senes  of  research  tasks  and  as  such  was  devoted 
to  inveetigeting  the  airworthiness  and  handling  of  the  aircraft 
broadly  Within  the  limit  of  ihe  flight  envelope  of  the  standard 
production  Scout  fitted  with  an  articulated  rotor  Provided  that 
these  limits  could  be  approached  reasonably  closely  it  was 
considered  that  the  aircraft  would  be  adequate  for  ita  research 
tasks  A statement  of  the  present  status  of  flight  testing  of  the 
Lynx  heiicopler  is  included  Author 

N73-21018  Socifte  Naiionale  Indusiriaiie  Aeroipaiialt,  Pans 
(Frer>ce) 

SOME  THOUGHTS  ON  THE  SA  341  GAZELLE  SPEED 
RECORD 

J Soultt-lariviere  In  AQARD  Advanced  Rotorcraft.  Vol  1 
Feb  1973  4 p (For  availability  see  N73  2UX)B  12-02) 

The  epeed  record  establishment  for  helicopters  by  the 
SA  341  helicopter  it  discussed  The  nature  of  the  course  flown 
erxf  the  requirements  for  successful  completion  ere  described 
The  preparation  of  tho  helicopter  for  the  record  try  is  reported 
Leesons  to  be  drawn  from  this  experience  for  future  record  tries 
ere  analyzed  Author 

N73-2I019  Army  Air  Mobility  Research  and  Davelopment  Lab. 
Moffett  Fieid.  Calif 

PROGRESS  .IN  ROTOR  BLADE  AEROOYNAMfCS 
P F Yeygy  and  I C Stetler  In  AGARD  Advanced  Rotorcraft. 
Vof  I Feb  1973  15  p refs  (For  availability  see  N73  21006 

12-02) 

The  primary  factors  inhibiting  the  performance  ol  rotary  wir>g 
eircreft  ere  identified  The  inhibiting  lectors  are  examined  and 
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d»»cuwd  with  rMp«a  to  dovotoomonu  m tho  Mrodynamie*  of 
tha  rotor,  tho  mtihomtticol  modoling  of  itt  wako.  and  tha 
pradiction  of  dynamic  airloads  and  thair  affocta  on  ftymg 
qualitisa.  Racant  davalopmanta  m rotor  flow  atudiaa.  rotor  blada 
praaaura  diatritMJtiotu.  rotor  Uada  boundary  layar  srtatyaaa.  airfoil 
babavior  in  rotors,  and  rotor  aarodynamica  ara  praaantad 

Author 

N7S-21020  Army  Arr  Mobilrly  Rataarch  srrd  Oavalopmant  Lab . 
Fort  Cuatia.  Va  Structuras  Otv 

SURVfV  OF  ROTARY  WINO  LOAD!  AND  STABILITY 
ANALYSIS  FROBUMS 

H.  I MacOonaM  In  AGARO  Advancad  Rotorcraft.  Vol  1 Fab. 
19/3  6 p (For  avakabilriy  aaa  N73-2I(X>8  12  02) 

A aurvay  of  soma  to  tha  problama  artcountarad  in  tha 
pradictron  of  structural  datrgn  loads  and  aoroalsatrc  siabrltty 
margins  during  tho  davalopmant  of  rotary  wing  aircraft  ts 
praaantad  Tha  rmportanca  of  accurata  pradictron  of  structural 
dasign  loads  for  rmprovad  raltabrirty  parformanca.  and  stabrlrty 
of  aircraft  is  atrassad  Vanations  rn  analysra  matfiods  amployad 
by  various  manufacturars  are  discussed  Tha  complasrty  rnvolvad 
rn  the  pradtciton  of  rotary  wing  loads  and  aaroalatnc  stabilrtY. 
tha  effects  on  cmt  alfardhranasa.  and  areas  where  complei  analysrt 
re  advantageous  are  reported  Author 


N73-21021  Unrted  Aircraft  Corp . Stratford.  Conn 

IMPACT  OF  NEW  STRUCTURAL  CONCEPTS  ON  SYSTEM 
CAPABIUTIE8 

Edward  S Carter  In  AGARO  Advancad  Rotorcraft.  Vol  I 
Fab  1973  11  p refs  (For  availability  see  N73'21008  12-02) 

The  impact  of  structural  concepts  on  rotary  wing  system 
capabilittes  is  examined  Current  vertical  takeoff  aircraft  system 
capabilitias  in  tarms  of  payload  ar>d  gross  weight  retro  ara  rsportsd 
Eiamplea  of  advances  in  vertical  takeoff  aircraft  design  ara 
submittad.  Specific  davalopmanta  in  rotor  blade  construction, 
variable  geometry  concepts,  dmrs  systema.  tranamisaions.  and 
airfremea  are  presented.  Author 

N73-21022  Boeing  Co  . Philadelphia.  Pa  Vartol  Orv 
EVALUATION.  DEVELOPMENT.  AND  AOVANTAOES  OF  THE 
HEUCOPTER  TANDEM  DUAL  CARGO  HOOK  SYSTEM 
Gregory  J.  Wilson  and  Newton  N Rothman  In  AGARO  Advanced 
Rotorcraft.  Vol  1 Feb  1973  8 p refs  (For  svailebilitv  sea 

N73  21008  12-02) 

Helicapter  transport  of  external  cargo  lor  military  applications, 
afficieni  uss  of  availsUs  roisry-wing  aguipmem.  and  enhancement 
of  aircraft  safety  la  examined  Improvements  m this  tachniqua 
could  provvJe  the  transport  of  external  cargo  at  tha  maximum 
spaed  of  the  halicopla'  routine  operation  under  instrument  flight 
rules  (IFR).  precise  placement  of  the  load,  and  could  elimmete 
tha  problama  m hovai  sucn  as  the  oust  cloud  and  static  alactrKity 
Feasibility  studies  have  shown  the  potential  of  tha  tandem  dual 
hook  concept  as  a viable  base  on  which  to  build  an  improved 
cargo-hartdiing  system  Production  incorporation  of  a oual  cargo 
hook  syvtam  is  planned  for  the  hesvylift  helicopter  (HLH)  The 
system  irtooiporates  olhei  fealures  such  as  variatHa  lortgitudmal 
hook  poaitioning.  differential  winching,  load  motion  feedback,  and 
augmentation  of  the  cargo  system  operator's  vision  under 
corvditiona  of  poor  ligfit  and  thick  duet.  The  requirements  for  sn 
improved  helicopter  external  cargo-handling  system,  the  programs 
which  hava  astablithad  the  feasibility  of  a tandem  dual  cargo 
hook  systam.  and  tha  system  slated  for  tha  haavy-lift  helicopter 
are  reported  Author 

N73-21023  Westland  Helicopters.  Ltd  Yaovil  (England) 
MATERIALS  FOR  ADVANCED  ROTORCRAFT 
J P uortes  In  AGARO  Advanced  Rotorcraft.  Vol  1 Feb 
1973  0 p refs  (For  availability  see  N73-21003  12-021 

Tha  davelopmani  and  application  of  composite  msterisls  lor 
i-onetiucling  airframes  of  ve-tical  takaull  diiciaft  aie  diecueaed 
Tha  properties  of  carbon  reinforced  plastics  ere  described  end 
specific  areas  of  application  for  anlremes  end  rotors  are 
idantifiod  The  design  featurea  which  produce  better  hsrtdling 
qualitiee  of  rotary  wmg  S'lcraft  and  which  sie  possible  by  the 
use  of  improved  composite  msterisls  sie  examined  Author 
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N7S-21024  Hawker  Siddefay  Aviation.  Ltd  . Woodfonj  (England) 
STOPPED  ROTOR  AIRCRAFT  USING  CIPCULATiON 
CONTROLLED  ROTORS 

Johft  Taylor  In  AGARO  Advancad  Rotorcrtfl.  Vol  1 Fab 
1973  IS  p raft  (For  tvailability  laa  N73  21008  12-02) 

The  fundamental  problems  of  Ihs  tioppad  rotor  aircraft  ara 
examined  Tha  aerodynamic  charsctanslics  of  the  circulation 
coniroUad  rotor  ara  discussed  arvd  the  rasuHs  of  teal  data 
praeentad  FinaUy.  the  evolution  of  e typical  stopped  rotor  aircraft 
daatgn  ut-ng  circulation  controllad  rotors  is  illustrttsd  Author 

N73-21026  Giravions  Oortttd  Co  . Pans  (Fta.-ica) 

FIELDS  OF  APPUCATION  OF  JET  FLAPPED  ROTORS 
M.  Ktao  In  AGARO  Advanced  Rotorcraft.  Vof  1 Fab  1973 
t2  p rats  (For  avtilability  ssa  N73  21008  12  02) 

Analysis  of  the  lield  of  epplicetion  ol  the  ;ei-nsp  rotor  shows 
the  coel-affactiveness  of  this  technique  when  applied  to  heavy 
helicopter  and  ttoppebla  rotor  designs  Ckimpanson  with  equiveieni 
mechaneally  driven  hasvy-lift  roiorctefi  shows  empty-weight  gains 
of  30  to  40  percent  Initial  cost  gems  lor  ihasa  vehicles  is  even 
higher,  approaching  SO  percent  The  fessibility  of  an  aircraft  having 
e 0 85  Mach  number  capability  and  possesving  a stoppable  and 
stowtble  nonlolding  two-bladed  rotor  has  been  established  The 
weight  enalyais  also  demonstrates  the  attraction  ol  Ihs  let-flap 
concept,  which  combines  the  features  ol  both  low  wsight  xnd 
tow  coat,  with  a lorig  duration  hovenng  cspebility.  The  jet-flep 
rotor  thus  makes  it  possible  (or  the  same  aircraft  to  hava  the 
high  airspeed  characteristics  of  a modern  airplane  coupled  with 
the  lowspead  advantages  of  a helicopter  Author 

N73-21O20  Dorhier-Werke  GmbH.  Friednchshafen  (West 
Germany) 

RESEARCH  AND  DEVELOPMENT  ON  ROTORS  WITH  TIP 
REACTION  DRIVE  IN  GERMANY 

Chrittoph  Fncher  In  AGARO  Advanced  Rotorcraft.  Vol.  1 Feb 
1973  12  0 rets  (For  svailstHlity  see  N73-21OO0  12-021 

Actrviiies  on  cold,  hot  end  mixed  cycle  tip  |ei  propulsioh  for 
rotore  are  reponed  Research  and  programs  on  cold  and  larga 
mixed  cycle  aystamt  are  deacnbad  For  bolh  piojacta  soma  rasuitt 
of  cpihponant  testing  flight  tssrs  sre  discussed  Aapacts  of 
tha  flight  .nachanics  as  decoupling  ol  movemanis  m hovarmg 
and  advantages  ol  wide  rpm-ranga  are  shown  Concluding 
tamarka  on  tha  operational  applicability  and  new  missions  favoring 
torqua-fraa  rotor  drive  systems  are  added  Author 

N73-21027  Boeing  Co.  Philadelphis.  Pe  Verlol  Orv 
SURVEY  OF  TILT  ROTOR  TECHNOLCOY  DEVELOPMENT 
K 0 GJImore  In  AGARD  AdvarKed  Rotorcraft.  Vol  1 Feb 
1973  11  p refs  (For  availability  see  N73-21008  12-02) 

A revMw  IS  made  ol  the  developmeni  of  lilt  rotor  technologY 
einca  the  XV-3  ptogrem  in  the  leie  1950  s A brief  comparison 
of  tha  cspabilrtio;  of  the  tilt  rotor  with  other  rotery  wing 
configuietione  foi  a transport  mission  is  shown  Tilt  rotor 
performance  end  dynamic  model  tesis  are  described  Analyiicel 
methodology  development  is  reviewed  and  predictions  sre  shown 
to  compare  well  with  model  test  date  in  the  areas  ol  parformarKS. 
aaroalastic  stability  and  flying  qualities  It  is  concluded  that  tha 
technology  is  now  in  hand  to  develop  a prototype  vehicle 

Author 

N73  21028  Soci«t«  Naiionalv  Induatnalla  Aaroapattaia. 
Mangnana  (Franca.) 

FENESTNON  NEW  SOLUTION  OF  TAIL  ROTOR  (LE 
FENESTRON.  SOLUTION  NOUVELU  OE  ROTOR  OE 
QUEUE] 

J GaMoi  In  AGARO  Advancad  Rotorcraft.  Vol  1 Fab  1973 
7 p In  FRENCH  (For  availability  aaa  N73  21008  12-02) 

A rnathod  for  datarmining  flight  parformanca  and  flight 
quahtiat  o*  a Fena^iron  type  tad  rotor  la  praaanted  Data  covar 
vulnerabtiity.  affects  of  vibration  on  siationary  flight  performar^. 
flight  control,  and  maintananca  TraneJ  by  E H W 

N73-21029  United  Aircraft  Corp  . Stratford.  Conn 
DEVELOPMENT  OF  THE  ABC  ROTOR 

Robert  K Burgess  /n  AGARD  Advanced  Rotorcraft.  Vol  1 
Fab  1973  17  p refs  (For  availability  see  N73  21008  12  02) 

Tha  davalopmant  of  the  advancing  blada  concept  (A6CI  rotor 
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K Icow  conc<pt*ofl  through  tcdta  fTK)d«l  wund  lunn«l 

tOTtmg.  hill  ttM*  anllvti*.  d«»ion.  f»bfic«tion  •nd  uMimat*  wind 
(unncl  vwting  of  • «0  ft  diamotar  rotof  Tha  principal  daaign 
irtdaoffa  ratulling  from  th*  aarty  analyasa  and  tatting  art 
d-y— ««H  along  with  thtir  axpnctad  impact  on  iha  lull  acala 
rotor  charactaiiatict.  MatariaU  and  manufacturing  mtthoda 
tcT^>loVtd  art  covtrtd  including  Iht  more  impoiiant  diffcultita 
that  wart  tuintouniad  during  the  naarty  fiva  yaart  ol  dtwalopmtnt 
Fmalty.  "ha  maior  ta»t  progiama  art  ootliitod  including  blade 
balancing,  turttma  tatt  bad  opaianon  and  full  acala  wind  tunnel 
ttating  fiiciiitv  up  io  apaadi  of  180  knota  and  advance  latioa  of 
91.  Significant  ratuita  of  theta  tatta  are  piatanied.  and 
applica'on*  in  aircraft  tytlami  ditcutaad  Author 


and  moment  rtaponaa  charactarittica  of  halicoplar  rotort  in 
forward  flight.  Particular  attention  it  givan  to  a proper  dahnilion 
of  the  rotor  potential  flow  pioMam.  Tha  formulation  oi  tha  theory 
it  concaptuatly  baaed  on  claaaical  rwad  wing  lihing  liria  theory 
to  anhanca  itt  varaatility  and  provide  intight  about  tha  eomplai 
phyaical  faaturaa  of  tha  lotor  downwaah  dialnbulion.  The  method 
of  aolution  a^eaaea  the  rotor  downwaah  in  a founar  aaiiat 
where  Iha  coafTiciantt  aia  given  as  a aummalion  of  influaoca 
hmctiona  ft  it  ahown  that  tha  rotor  waka  vorlKity  can  ba  aaaumad 
to  lia  in  a flat  planar  waka  tor  a wide  'anga  of  flight  conditiana. 
thua  tifflplifying  Ih#  Biot-Savart  intag'aton  lor  tha  downwaah 
Tha  vomcity  alamanu  in  Iha  flat  planar  wake  are  dacompotad 
into  timpla  circular  and  linear  alamantt  to  further  aimplifv  tha 
mtagratipni  Author 


N79'^I030  Royal  Aircraft  EaiaWiahmani.  Bedford  lEnglandl 
RAE  EXPERIENCE  IN  THE  USE  Of  A PILOTED  OROUNO- 
BASED  eiMULATOR  FOR  HELICOPTER  HANDLING 
BTUOIEB 

T.  Wkcor,  //>  AGARD  Advanced  Ro'sfcraf*.  Vo.  1 Fab 
1973  II  p reft  IFof  availability  aaa  N73-21008  12  021 

argOiaa  uaing  a ground-baaad  piloted  flight  aimulator 
for  tha  aaaasamant  ol  helicopter  handling  qualiliea  are  daacribad 
Tha  firal  aimulalion.  ol  a Waiiland  Waisai.  was  parfoimad  to 
aaiablah  the  aimulanon  lachniquea  required  for  affactiva 
rspraaacTlation  ol  handling  behaviour  The  eacond  study  waa  ol 
tha  Waatlartd  Lyn«.  and  was  conducted  prior  to  tha  hrat  flight 
of  that  halieoptar  m order  to  piovtda  assistance  m tha  aarlv 
davslopmant  program  Raiulli  of  the  two  sinulationt  sr« 
diacuaaad.  and  tha  enpananca  gamed  from  these  teats  n used 
to  Suggest  some  requiroments  for  valid  simulation  Author 


N73-2T03T#  Advisory  Group  lor  Aerospace  Research  and 
Oevalopmanl.  Paris  (Frsnca) 

AER00YNANIIC8  OF  ROTARY  WINGS 

Feb  1973  449  p r«fs  In  ENGLISH  partly  m FRENCH  Presenlad 

at  Fluid  Dyn  Panel  Specialists  Masting.  Maisaillas.  13-15  Sap 

1972 

(AGARD  CP-1  11)  Aviil  NTIS  HCS24  50 

Tha  proceirdings  of  a eonfaranca  on  the  fluid  dynamiea  ol 
rotary  wings  and  methods  lor  csiculation  and  analysis  of  ths 
saiodynsmics  snd  dynamics  of  rotary  wing  systems  are  prasantad 
Tha  subtecta  diacussad  include  ihe  following  (1)  calculttion  ol 
rotor  wake  cheiactenitica  and  inflo  - distribution.  (2)  lectors 
sffscting  performance  at  hover  anu  'iigh  advsnca  ralio.  (31 
description  o(  analytical  methods  for  calculating  loloi  unsteady 
aarodynsmici.  (4)  trends  m rotor  Wade  iidoil  design,  end  (51 
measurement  of  aerodynimic  noise  generetad  by  rottiy  wings 
for  indivtdu;'  dies,  see  N73-21032  through  N73-21068 


N7  v-eT03a  United  Aircraft  Coip  . East  Hanford.  Conn 
ROTOR  WAKES:  KEY  TO  PERFORMANCE  PREDICTION 
Anton  J Landgrebe  and  Marvm  C Cheney  Jr  /n  AGARD 
Aarodyn  of  Rotary  Wings  fab  U73  19  p rafi  (For  avulabilrty 

sea  N73-21031  12-02) 

Tha  hiatory  ol  heiH.».;;-'  ^noimanca  piadicfon  inaihods 
ti<d  tha  influanca  of  rotor  wakas  ara  traced  from  the  timpla 
momeiTtum  lachmquas  used  m the  aaily  yeara  ol  propallara  and 
rotort  to  tha  current  state-of-lhe-art  computer  progremt 
simuleling  the  rotor  s comples  vonei  structure  Anniyticsl  end 
enperimeniel  techniques  are  described  which  Oelme  the  geometry 
»f  the  vortex  field  ol  a hovanng  rotor  aixi  iti  affect  on  rotor 

lierformtnce  It  was  concluded  that  Iha  most  important  factor 
which  influancat;  the  pra''  cuon  of  hover  performance  waa  tha 
irrtarfaianca  caused  by  th<  lip  vonex  during  its  first  revolution 
Integrated  performance  m forward  flight  was  ganarally  not 
senailrva  to  variable  inflow  however,  wnen  rombmad  with 
unslaady  airfoil  data,  variable  inflow  produced  significant  affects 
on  Wade  torsional  respontas  Author 


N73-21033  Army  Air  Mobiliiy  Resaerch  and  Uevelopmen!  Lab. 
Moffett  FiaH.  Calif 

AN  ACTUATOR  r!9C  THEORY  FOR  ROTOR  WAKE 
INDUCED  VELOCITIFB 

Robert  A Ormiston  /n  AGARD  Aerodyn  of  Rotary  Wings 
Fab.  1973  19  p rail  Ifr r tvail.ib.lity  tea  N73  2 103 1 12  02) 

A general  actutlor  disc  theory  is  presanta-J  for  praoiciing 
tha  tima-avaraged  downwash  distribution  snd  itesdv  eiata  force 


N73-21034  Westland  Aircraft.  Lid . Yaovil  (England) 

THE  STRUCTURE  OF  THE  ROTOR  SLAOE  TIP  VORTEX 
C V.  Cook  /n  AGARD  Aarodyn  of  Rotary  Wings  Fab.  1973 
14  p leN  IFor  availability  see  N73-21031  12-02) 

Tha  resulia  ol  a eat  ol  experimentt  10  meaaura  the  vatocrtv 
ditiribulion  through  a helicopter  rotor  Wade  lip  vortex  ara 
praeantad  Tha  axpanmants  ware  conducted  on  a tingle  lull  acala 
rotor  Wade  oparaung  al  a rapratantativa  tip  apead  on  a whirl 
towar.  The  rotor  was  mounted  in  tha  inverted  potmon  (thrusting 
downward)  to  raduca  Iha  ground  aflacts  and  produca  a steady 
flow  through  tha  rotor  The  vortex  velocity  distnbutions  were 
measured  for  a ranga  of  vortai  ages  and  a number  ol  Wada 
loadinga.  Iha  highaet  ol  which  was  above  that  normally  asaociaiad 
with  a hovering  loior  A vonax  age  range  m terms  ol  Wada 
rotation  of  approximately  70  to  380  dagiaas  ol  aiimuth  waa 
covered  Flow  visualisation  using  smoka  was  employed  to 
dataimina  the  trsiactoiy  of  the  vortex  and  a hot  wire  aneomometer 
to  maasura  tha  induced  vtlocnies  associated  with  tha  tip 
vodax.  Author 

N73-2103w  Georgia  Inst  of  Tech  Atlanta  School  of  Asroapaca 
Enginaanng 

A VORTEX  ANALYSIS  OF  A SINGLE  SLAOED  HOVERING 
ROTOR  AND  A COMPARISON  WITH  EXPERIMENTAL  DATA 
Robin  B Gray  and  George  W Brown  /n  AGARD  Aarodyn  of 
Rotary  Wings  Feb  1973  14  p rets  (For  svsilsWIity  sea 

N73  21031  12  02) 

A thaoiaiical  method  is  davaloped  for  dsisrmining  tha 
geometry  and  strength  dist'ibution  ol  the  vorlex  wake  generated 
by  a singla-Wadad  hovering  helicopter  rotor  The  anelytis  begins 
with  a simple  modal  ol  the  ultimata  wake  geometry  and  than 
procaada  to  aetaWish  the  corresponding  nondimensionsi  tip-vortax 
sirsngih  This  simple  vortex- wska  modal  it  sdjusltd  by  procadursa 
that  ara  bated  on  tha  Biol-Savart  law  to  obtain  a first  approxima- 
tion lor  the  tip-vortax  geometry  Next,  an  estimate  of  the  Wada 
coUective  pitch  ingle  is  found  from  Wade-element  consideraiions 
Then,  e fust  aup  oximstion  for  trie  geometnes  and  strengths  of 
the  vortax-shoei  filaments  that  ire  shad  from  Iha  Wada  trailing 
edge  re  datsrminao  by  marching  inboard  from  the  Wada  tip 
Thus,  a sirriulianeous  solution  for  the  nitmanl  s'lengll.t  la  not 
requirad  Futhar  ad|usimtnis  to  the  waka  geometry,  the  stranghta 
of  tha  mboard  niamenis.  and  Iha  collsctiva  pitch  are  made  unlH 
succaading  changes  become  acceptaWy  small  Author 

N73-Z103S  Socials  Nstionale  Indusiririia  Aarotpaiisla.  Marsatlle 
(f-rarwa) 

ROTOR  stationary  FLIGHT  AND  LARGE  ADVANCEMENT 

PARAMETERS  [ROTOR  EN  VOL  8TATIONNAIRE  ET  A 
GRAND  PARAMETRE  D'AVANCEMENTj 

J Soulaz-Lariviera  Jn  AGARD  .herodyn  of  Rotary  Wings  Fab 
1973  29  p III  FRENCH  IFor  availability  see  N73-2103I 

12-02) 

A technique  which  permits  vadice)  flight  by  a haliooptn' 
rotor  IS  disclosed  The  hietoncal  development  of  e conduit  i» 
explored,  efier  which  the  diverse  shock  iimiieiionx  no  stetionsrY 
er>d  tranalition  flighi  ere  examined  A historical  account  is  s'so 
given  of  the  msihods  uisd  to  imp-ove  and  calculats  the 
performance  of  helicopter  rolo-s  Trans!  by  E.H  W 

N73-21037  Socieia  Naiionele  induttnelle  Aaroepatiele.  Msraaille 
(France) 

ROTOR  REQUINEMENT8  BEYOND  THE  USUAL  FLIGHT 


p 


so 


DOMAIN  OF  ONERA  LARGE  WIND  TUNNEL  AT  MONOANC 
(COMPORTEM^NT  O'UN  ROTOR  AU  DELA  DU  OOMAINE 
OE  VOL  USUEL  A LA  QRANUE  SOUFFlERlE  DE  MOOANE) 
Michel  tecarme  In  AGARO  Aarodyn  of  Roiary  Winga  Fab 
1973  M p In  FRENCH.  ENGLISH  aummary  (For  avaiUbility 
Ma  N73-21031  12-02) 

Several  teriea  af  tests  have  bean  performed  on  a 4 1 SO  meter 
diameier  aipenmaotal  rotor  in  tiia  large  wind  tunr^el  The  blades 
stiffness  aiMj  available  power  of  test  equipment  m the  wind 
tunr>el  made  a number  of  measurements  and  visuaiaations  possible 
in  some  severe  configurations  and  at  high  tip  Speeds  During 
the  exploration  of  the  test  envelopes  for  various  sets  of  blades, 
a tip  speed  ratio  of  87  was  reached,  the  retreating  blade  stall 
was  studied  at  sevaral  values  of  preset  parameters,  such  as 
wind  speed,  rotor  tip  speed  rotor  shaft  tilt,  and  collective  prtch 
The  present  rotor  head  is  r>ot  provided  with  cyclic  pitch  control 
Operatirvg  limits  lor  a cor^veniional  rotur  were  determined  in 
terms  of  tip  speed  ratio  Development  of  retreating  blade  stall 
IS  affected  by  the  reverse  flow  area  and  vortex  inter  ecttons  aryj 
this  stall  produces  disturbar>ces  which  irKraase  as  the  tip  speed 
ratio  decreasos  Author 

N73-21036  United  Aircraft  Corp  . Stratford.  Conn  Sikorsky 
Aircraft  Div 

AERODYNAMIC  FACTORS  INFLUENCING  OVERALL 
HOVER  PERFORMANCE 

Evan  A Fradenburgh  M AGARO  Aarodyrt  of  Rotary  Wings 
Fab  1973  lip  refs  (For  availability  see  N73-21031  12  02) 
Improvements  m basic  rotor  design  practice  are  described 
and  results  of  several  senes  of  model  rotor  tests  are  discussed 
Moderate  values  of  blade  root  cutout  are  shown  to  have  an 
unanticipated  effect  cn  r>ovenng  efficiency  A targe  root  cutout 
decreases  figure  of  merit  of  the  rotor,  but  also  reduces  vedicaf 
drag  of  a typical  airframe  below  the  rotor,  cutting  the  aerodynamic 
penalty  to  about  half  of  what  tests  ol  the  rotor  alona  would 
indicate  Tests  of  a tilt  rotor  model  show  tfiat.  unlike  the 
conventional  smg^e  rotor  helicopter  configuration,  the  rotors  do 
r>ot  benefit  from  a padiai  ground  effect  caused  by  the  eirframe 
ir'  the  rotor  downwash  field  The  relationship  of  blade  twist  and 
ground  effect  is  discussed  and  the  influence  of  ground  proximity 
or.  vertical  diag  is  presented  It  is  shown  that  net  airframe  vertical 
I dray  can  be  <ero  or  negative  when  the  aircraft  is  close  to  the 

' ground  Additional  systemetic  expenmenietion  is  clearly  needed. 

) as  IS  the  development  ol  theory  to  cover  the  various  relationthipt 

involved  m overall  hovei  efficiency  Author 

N73-21039  Oornier-Werke  GmbH.  Fnedrichshalen  (West 
Germany) 

THE  ROTOR  IN  AXIAL  FLOW 

Herbert  Zimmei  In  AGARO  Aerodyn  of  Rotary  Wmge  Feb 
1973  1b  p refs  {For  availability  see  N73-21031  12  02) 

The  aerodynaiT.ic  characteristics  of  rots^  wings  under  axial 
flow  conditions  are  diKussed  An  outline  of  the  calculation 
methods  is  given  A vortex  method  is  used  for  one  type  of 
I calculation  A momentum  blade  element  method  is  applied  in 

I arMther  case  because  of  the  widely  separated  flow  Emphasia  is 

j placed  on  quick  soiutign  of  the  equations  because  of  the  need 

for  frequent  use  m a design  cycle  and  during  performance 
I calculations  Author 

N73  21040  C^nadai'  Ud  Montreal  (Quebec) 

THE  DEVELOPMENT  OF  AN  EFFICIENT  HOVERING 
PROPELLER  ROTOR  PERFORMANCE  PREDICTION 

METHOD 

0 C Gilmore  and  l $ Gartshore  [British  Columbia  Un  y ) In 
mGARO  Aerodyn  o'  Rotary  Wings  Feb  1973  24  p ref* 

(For  availabiliiy  see  N73  2l03i  12  02) 

The  deve(opment  of  e method  for  predicting  the  performance 
Of  heevily  loaded  propellers  and  rotors  m steady  hovenog  flight 
ia  ueacribed  The  method  has  two  particularly  useful  characteris- 
tic'; I)  certain  simplifying  assumptions  which  allow  consistency 
in  the  analytical  model  to  be  achieved  with  only  a few  small 
•cafe  Iterations  and  (2)  a naed  for  only  a pan  of  ihe  wake  to 
be  specified  The  cnalyticel  model  built  up  frorr.  three  besic 
eiemerits.  includes  a single  vortex  filament  shod  from  the  tip  of 
each  blade,  a vortex  aheet  shed  nboaui  of  tic  oo-nt  of  maximum 
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bound  ctrculaiiort  on  each  blade,  and  an  outboard  sheet  rolling 
up  to  form  the  tip  vortex  at  art  arbitrary  artgle  Roll  up  artgla 
affects  tha  circumferantial  variation  of  mducad  valocity  compo* 
nenta  out  not  their  mean  values  Application  of  the  mathod  to 
three  propellers  shows  that  accuracy  of  rtsults  is  dependent 
upon  realism  of  tha  assumed  wake  geometry  Author 

N73-21041*  National  Aeronautics  and  Spaca  Administration 
Langley  Raaaarch  Centar.  Langley  Station,  Va 

A SUMMARY  OF  CURRENl  RESEARCH  IN  ROTOR 
UNSTEADY  AERODYNAMICS  WITH  EMPHASIS  ON  WORK 
AT  LANGLEY  RESEARCH  CENTER 

Johrt  F.  Ward  aiMl  Warren  H Young.  Jr  In  AGARO  Aarodyr 
of  Rotary  Wir>gs  Feb  1973  20  p refs  Prepared  in  cooperation 
with  Army  Air  Mobtiity  R and  0 tab.  Fort  Eustis.  Va  (For 
avaitabrtity  see  N73-21031  12  02) 

The  basic  unstaady  aerodynamic  environment  of  the  rotary 
wirtg  It  aurnmariied  Some  of  the  observed  trerids  in  the  st^to 
of  the  ert  are  discussed  Some  of  the  research  needs  that  will 
require  attention  are  leported  A review  cf  a number  of  reeeerch 
investigetior^e  at  e pen  of  e joint  NASA/Army  rotorcrafi  projact 
la  tKaaentad  Tha  research  is  dirocied  toward  achievir>g  a better 
uiMjerstanding  of  rotor  unsteady  airloils  The  investigations  include 
(1)  rotor  rnaneuver  loads.  (2)  lave)  flight  and  marieuver  wake 
prediction.  (3)  tip-vonex  flow  (4)  blede  vonex  interactions:  (9) 
dynamic  stall.  (6)  transient  Mach  number  air  loads.  ar>d  (7) 
development  of  variable  geometry  rotors  Author 

N73-21042  Off  ice  National  d'Etudas  ei  de  Recherchea 
Aeroepatialas.  Pans  (France) 

AERODYNAMIC  FORCES  COMPUTATION  AND  MEASURE 
MENT  ON  AN  OSCILLATING  AEROFOIL  PROFILE  WITH 
AND  WITHOUT  STALL 

J.  J Philippe  end  M Segner  in  AGARO  Aerodyn  of  Rotary 
Winge  Feb.  1973  13  p refs  In  FRENCH.  ENGLISH  summary 

(For  availability  see  N73-2103 1 12-02} 

Research  projects  ori  computing  and  measuring  eerody 
namic  forces  on  oKillaimg  aiifoil  profiles  ere  discussed  The 
probleme  created  by  ui  .iteedy  aerodynamic  stalling  of  rotary  wings 
art  amphasitad  The  axpcnmentai  findings  are  anelyied  ee  e 
(ufKtipn  of  mean  angle  of  attack,  oscilletioris  amplitude,  reduced 
frequency,  and  Mach  number  Computed  results  are  compared 
with  experimental  data  Author 

N73-21043  Aix-MarseiDes  Univ  (France)  Inst  de  Mecamque 
dee  riuides 

AERODYNAMIC  EFFORTS  ON  A LARGE  WING  PROFILE 
WITH  QUICK  HARMONIC  MOVEMENT  PARALLEL  TO  SIEVE 
PLOW  {EFFORTS  AERODYNAMIQUES  SUR  UN  PROFIL 
O AILE  ANIME  O'UN  MOVEMENT  HARMONIQUE  PARAL- 
UU  A L'f  COULEMENT  MOUVEMENT  OE  TAMIS} 

J Valero  er>d  J n«bont  (CNRS)  In  AGARO  Aerodyn  of 
Rocery  Wir>ge  Feb  1973  14  p raff  In  FRENCH  (Fof 

avsifebility  aee  N73  21031  12  02) 

The  effects  of  dreg.  lift,  end  pitching  moments  on  a rectangular 
wir>g  profile  system  were  measured  Meesuromants  were  taken 
ei  different  incidences  end  different  values  of  advancement 
parameters  Transi  by  E H W 

N73-21044*  National  Aeronautics  and  Space  Administration 
Langlay  Research  Center.  Langley  Station.  Va 

A COMPRESSIBLE  UNSTEADY  THEORY  FOR  HELICOPTER 
ROTORS 

Cherlea  E Hammond  and  G Atvin  Pierce  (Ga  Inst  of  Tech  ) 
/n  AGARO  Aerodyn  of  Rotary  Wings  Feb  1973  15  p refa 

Prepared  m coeperauon  with  Army  Air  Mobility  Res  and  Develop 
Lab.  F:  Eustis.  Va  (For  availability  see  N73  2l03i  12  02) 
(Contrect  DAHC04  68  C 00041 

An  eerodvndmic  theory  is  presented  which  allows  (he 
determination  of  the  unsteady  aerodynamic  loading  on  a reference 
section  of  a helicopter  rotor  blade  m axel  or  hovernig  flight 
under  compressible  flow  conditions  irie  aerodynamics  of  the 
two  dimensional  flow  model  are  formulated  usmg  a kernel  function 
epproach  By  introducing  the  acceleration  potential  the  govern 
ir>g  integral  equation  foi  it>r>  flow  and  its  attendant  downwash 
boundary  condition  arr  devniopoci  and  solved  numerically  usmg 
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• pTVMurt  Mtumplion  •nd  • coUocttioo  t«chn»qu« 

compf— fiodyndmtc  ch%ofY  d«vtlcp«d  *%  comp«r*d 
•nifVlir.affy  wf1^  fwo  Othtr  •lifting  on«  tncompi#Mibl« 

•nd  on#  crmprottbi*.  #nd  h •hown  lo  #gr*«  with  the##  th#ori#t 
po>vK)#d  that  th#  iippfopriat#  iimit  ••  taken  so  that  th#  flow 
modaia  agr##  Th#  ratio  of  blade  oaciiiatorv  hequancy  to  rotor 
rotational  fr#qu#r>cv  >$  shown  to  b#  th#  correlation  parameter 
b#fw##rv  the  two  flow  modefa  Author 

N73-21046  Masserschmdt-Boelkow'Blohm  G m b H . Ottobrunn 
iWtat  Germany) 

SOME  ASPECTS  OF  THE  DESIGN  OF  ROTOP  AlPFOIL 
SHAPES 

G Reichert  end  S N Wagner  tn  AGARO  Aerodyn  ol  Rotary 
Wings  Feb  1973  22  p refs  (For  availability  see  N7J-21031 

13  02) 

Analyncal  studies  have  shown  that  performance,  stability  and 
control  of  helicopters  can  be  improved  tf  some  cherectenstics  of 
lotor  airfoils  could  be  changed  Starting  from  grven  airfoil  shapes 
rU  charaideristics  of  these  airfoils  are  ideait/ed  by  changing  iih 
Curve  sloprv  manmum  lift  boundary  and  beginning  of  drag  dnu  r 
gar>ce  The ’ofluences  of  these  changes  on  the  power  requirerj.  the 
stability  and  control  of  hir^lesa  rotor  helicopters  are  riudied 
Furthermore,  the  desirable  characteristics  of  an  airfoil  or  severa' 
airfoils  of  a rotor  are  defined  usmg  these  idealirad  characierittcs 
and  analysirtg  common  missions  of  a given  helicopter  Similar 
studies  of  a -arger  field  of  missions  artd  helicopters  could  lead 
to  new  areas  ol  research  and  development  to  design  advanced 
profile  shapes  of  helicopters  of  the  future  Several  jnalytical 
tools  to*  the  design  of  airfcHs  are  discussed  Author 

N73  21046  Army  Air  Mobility  Research  and  Oevelopmeni  Lab. 
Motfait  Fiaid.  Calif 

RECENT  developments  IN  ROTOR  BLADE  STALL 
W J McCroskay  in  AGARO  Ae'Odyn  of  Rotary  Wmgt  Feb 
1973  13  p refs  (For  availsbiiity  see  N73  21031  12  021 

Developments  m techniques  for  analysing  boundary  layers 
of  rotary  wings  are  discussed  The  basic  effects  of  rotation  and 
crossflow  due  (0  forward  flight  have  been  identified  and  found 
to  be  insignificant  for  mos*  cases  of  practical  interest  m helicopter 
aerodynamcs  Within  the  fremework  of  classical  thin  boundary 
theory  unsteady  viscous  effects  are  a!So  small  Unsteady 
viscous-mvisod  interaction  appears  to  play  an  important  role  in 
relre:;tir>g  blade  stall  The  characteristics  of  retreating  blade  stall 
are  described  based  on  vortex  hke  distu'bance  from  the  leedmg 
edge  of  the  'oior  blade  Author 

N73-21047  Royal  Aircraft  Establishment  Farnborough  tcngland) 
THE  DERIVATION  AND  VERIFICATION  OF  A NEW  ROTOR 
profile  on  THE  BASIS  OF  FLOW  PHENOMENA, 
AEROFOIL  RESEARCH  AND  FLIGHT  TESTS 
H H Pearcey.  P G Wilby.  M J Riley,  and  P Brotherhood  In 
AGARO  Aerodyn  of  Rotary  Wings  Feb  1973  18  p refs 

(For  evaflab'lity  see  N73  21031  12  02) 

An  account  is  given  of  some  of  the  ccnsiderations  that 
governed  the  derivation  of  new  profiles  to  be  incorporated  m 
th#  design  of  the  rotor  blades  for  the  Lynx  helicopter  at  its 
inception  The  rhanges  relative  to  the  NACA  0012  prol  '*i  were 
conservative  but  w*)re  chosen  to  give  consistent  end  s«g<<ificant 
4ll  round  improvements  to  the  shock-induced  limits  on  the 
advancing  blade  to  the  retreating  blade  thrust  limns  and  to  the 
loediog  that  could  be  austair>ad  without  shock  wave  drag  m hover 
The  conservatism  applied  eapecially  to  the  stalling  charactansuci 
which  play  Such  a dominant  part  m limiting  rotor  performance 
but  which  are  so  difficult  to  predict  for  the  rotor  environmer^t 
The  profiles  were  derived  on  the  bans  of  steady  flow  aerofoil 
tests  but  Qualitativelv  similar  improvements  have  Leon  verified 
in  oscillatory  aerofoil  tests  and  m fligf.*  A technique  used  m 
the  letter  tests  'S  desrnh#d  fm  mestunr-.o  pressure  distributions 
along  the  blade  chord  and  across  the  blade  wake  m the  region 
ol  the  rotor  tip  in  flight  Author 

N73-21046  Army  Air  Mobility  Research  and  Development  Lab. 
Moffett  Field  Cahf 

THE  EFFECT  OF  PLANFORM  SHAPE  ON  THE  TRANSONIC 
FLOW  PAST  ROTOR  TIPS 


W F Ballhaus  and  F X Caradonnii  In  AQARO  Aerodyn  of 
Rotary  Wings  Feb  1973  12  p refs  (For  avsHsbiiity  see 

N73  21031  12  02) 

A numerical  relaxation  algorithm  capable  of  calculating  th# 
transor^ic  mviscid  flow  about  arbitrary  planform  rotors  has  been 
developed  The  essential  feature  of  this  method  is  a transformation 
in  which  arbitrary  pianfoims  are  converted  to  rectartgles  ar>d  all 
boundary  condition  probl(>m$  are  transferred  to  the  equation  of 
motion  Preliminary  numer  cai  calcclitioni  are  presented  for  blades 
of  various  sweeps  and  pre-files  It  is  seen  that  three  dimensional 
effects  remove  sweep  effects  and  can  cajsa  shocks  which  ara 
locally  more  savere  than  would  occur  m less  twapt  or  even 
unswepi  planforms  The  mathod  prasanis  itsalf  as  a rnaans  of 
checking  various  fctor  cor^fiQuraiijns  befcse  any  tests  are  made 

Author 

N73-21049*  National  Aeronautics  and  Space  Administration 
Ames  Research  Canter.  Moffett  f leld  Calif 
A SUMMARY  OF  WIND  TUNNEL  RESEARCH  ON  TILT 
ROTORS  FROM  HOVER  TO  CRUISE  FLIGHT 
Ph  Poisson  Quinton  and  W L Cook  in  AGARD  Aerodyn  of 
Rotary  Wmgs  Feb  1973  lb  p refs  (For  availability  see 
N73  21031  12  C2) 

An  experimental  research  program  conducted  on  a series  of 
till  lotors  designed  fer  a range  o'  blades  twist  is  reported  The 
lest  facihties  used  in  the  program  are  identified  The  obiective 
of  the  program  was  to  obtain  precise  results  on  the  influence 
of  btades  twist  and  aeroelasncity  on  \>\i  rotor  performance  from 
hover  to  high  speed  cruise  Mach  rumber  to  0 7 Five  aluminum 
rigid  rotors  arid  one  fiber  glass  con^posite  rotor  were  tested 

Author 

N73-21060  Naval  Ship  Research  and  Development  Center 
Bethesda  Md 

RECENT  DEVELOPMENTS  IN  CIRCULA'^IQN  CONTROL 
ROTOR  TECHNOLOGY 

Robert  Williams  M AGARD  Aerodyn  of  Rotory  Wings  F#b 
1973  19  p refs  iFor  ava’labiliiy  see  N73-21031  12  02) 

Research  on  the  historical  concept  of  circulation  control 
apphad  to  rotor  blades  is  presantad  A high  speed  helicopter 
•ppiication  IS  used  to  illustrate  the  potential  of  this  .otor  for  a 
maior  breakthrough  m the  areas  of  rotor  efficier>cy.  parasite  drsg 
•f>d  weights  leading  to  a large  improvamani  m aircraft  productivity 
Details  of  the  hover,  transition  at>d  high  speod  cruise  perform- 
•rKe  are  presented  Some  probloms  of  auto'otation.  vibrations 
ar>d  blade  dynamics  are  also  discussed  Author 

N73  21051  Messerschmitt-Boelkow-Blohm  GmbH.  Ortobrunn 
(West  Germany) 

SOME  OBJECTIVES  IN  APPLYING  HtNQElESS  ROTORS 
TO  HELICOPTERS  AND  V,  8T0L  AIRCRAFTS 
H B Huber  In  AGARD  Aerodyn  of  Rotary  Wings  Ffb 
1973  16  p refs  (For  availability  see  N73  21031  12-02) 

Some  of  the  aerodynsmic.  dynamic  and  aaroelastic  problama 
in  ru.or  design  for  helicopters  and  V/STOL  aircraft  ara  discusaed 
After  a short  description  of  th#  mam  features  of  the  hingefesa 
rotor  concept  the  most  important  rataarch  and  design  areas  of 
the  sys*em  ere  indicated  Attention  is  grver-  to  the  flapping  and 
inplane  stiffness  of  the  blade  root  section,  the  aerodynamic  and 
dynamic  blade  design  the  rotor  hub  geometry  and  the  control 
system  fiexibihty  The  aaroelastic  cheractenitics  and  some 
important  parameter  sensitivities  are  reported  Th#  enalylica'  end 
experimental  studies  include  control  ani  flight  dynamic  char- 
acteristics structural  loads,  damping  behaviour  and  aaroetasne 
stability  Analytical  results  are  compared  with  test  data  Based 
on  these  results  some  design  criteria  are  provided  ar»cf  recom- 
mendations are  made  for  a successful  application  of  nmgeiess 
rotor  Systems  on  helicopters  and  lilting  prop/ rotor  aircrafts 

Author 


N73-21062  SlAl  Marchetii  SpA  Varese  Htalyi 
AERODYNAMICS  OF  HELICOPTER  COMPONENTS  OTHER 
THAN  ROTORS 

Angelo  Bo&co  In  AGAfiD  Aerodyn  ol  Rotary  Wings  Feb 
1973  16  p rel»  (For  avaiiebiliiy  see  N73  2 1031  12  02i 
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Th«  ("ecil  of  p«rom«t«n  othor  than  rotary  wingt  on  t.ta 
parforman  « of  halicoolera  ata  diacutaad  Spacific  aiamplaa  for 
lha  daaign  >jf  tha  SV-20A  wittgad  halicoptar  ara  praaantad  V/md 
tunnal  laata  to  laofata  aarodynarrnc  miarlarancai  and  to  contiim 
aarodynar.trc  anatyaaa  ara  datcnbad  Tha  application  of  nonro.aling 
compontnt  aarodynamica  lo  oplimuation  of  lha  halicop.ar  daaign 
la  rapnnad  Author 

N73-21063*  LOuphtmrouph  Univ  ol  TachrKtlogy  (Enpiandl 

FUNDAMENfAL  CONSIDERATION  OF  NOISE  RADIATION 
SY  ROTARY  WINGS 

Martin  V Lowaon  In  AGARO  Aarodyn  ol  Rotary  Wmpa  Fab 
I&73  18  p rafa  Spomorad  by  NASA  and  Nall  Gat  Turbma 

fatab  (For  availabHity  aaa  N73-2I03I  12  02) 

An  hiatorical  raviaw  ol  prograas  in  undariianding  of  rolor 
iioiaa  la  praaamad  Initial  work  wat  principally  on  propallara.  bui 
hat  many  obviout  applicalions  to  noisa  from  rotary  wings  Currant 
undaraianding  ol  rotor  noita  radiation  it  than  raviawad  in  tome 
datail  Tha  principal  noiaa  sourcat  appear  to  ba  111  diacrata 
Iraquancy  do#  to  diaiortad  inflow.  (2)  low  Iraquancy  broadband 
due  lo  turbulent  inflow,  and  (3)  high  frequency  broadbarKf  due 
to  up  affecit  On  a helicopter  rotor  eac>i  of  thaaa  tourcat  aaamt 
to  ba  mlirhatafy  connected  with  tha  thad  vortait  wakes  Tip 
modiTicaiiont  offer  one  method  for  controlling  lha  affectt  Tha 
implicationa  for  the  designer  a e ditr.uated  Rotor  tubiectrve  noiaa 
lavelt  appear  to  obey  a velocity  to  lha  eighth  power  law. 
independent  of  thrust  Expari.-nanta  lo  rectify  soma  of  tha 
present  dehcianciet  m knowledge  era  tuggatiad  Autfior 

N73-210M  Bogatici  Univ . ftlanbul  ITurkayl 

WAKE  CHARACTERISTICS  OF  A TWO  OIMENSIONAi. 

ASYMMETRIC  AEROFOIL 

Ibrahim  Kavrak  In  AGARD  Aarodyn  Rotary  Wirlgt  Fah 
1873  7 p rafa  (For  availabilrty  tea  N73-21031  12  021 

The  process  by  wh'ch  dipole  no'se  'S  gaoeraiad  by  lha 
turbulent  wake  behind  an  airfoit  it  discussed  Tha  chaiactaritlics 
of  the  wake  are  mvaaligtiad  end  compared  lo  the  drag  and  lift 
coafficienta  at  wall  at  the  noita  radiated  It  it  concluded  that 
both  the  drag  coefficieni  and  the  generated  noise  ara  closely 
ralcted  to  the  lurbulenl  shear  in  the  aaparcted  flow  area  The 
maiimum  velocity  delect  it  thown  to  be  an  important  parameter 
which  affecia  both  the  performance  end  the  noise  miantity 

Author 

N73-210S9  Societe  Nationela  Induitnalls  Aerotpaiiale  Mirtaille 
IFrenca) 

MEASURE  OF  HFLICOPTER  NOISE  DURING  FLIGHT 
(MESURES  OE  SRUIT  O HELICOPTERES  EN  VOl| 
i-ernand  OAmbra.  Jean- Pierre  Oadiau  end  Altin  Julienne  lONERA. 
Cheiillon.  Franca)  In  AGARD  Aarodyn  ol  Rotary  Wingt  Fab 
1973  l&p  rafa  In  FRENCH . ENGLISH  summary  IFor  availability 
aaa  N73  21031  12  02) 

Noiaa  maaauiamania  have  been  performed  on  teverel 
halicoptera  These  teats  wart  aimed  toward  a complata  survey 
Of  halicoptera  intamal  and  sxteinal  none  levala  in  aevarsi  flrghi 
conditions  Oeta  an -lysis  of  flyovai  testa  follows  convonlional 
aircrsfl’s  acoustical  carulicetion  procsdure  Taat  results  ara 
corrtctad  to  duplicata  nominal  flight  path  and  standard  stmoaphurs 
cortditKins  in  sevaral  noiaa  unita  A atatisKSi  analysis  ol  msiimum 
noiao  lavala  has  bean  perfoimarl  and  reiulia  ait  preatntad  with 
than  conlidanca  Iwval  The  use  of  the  traiectogiaphy  equipment 
gianti  m addition  tha  axact  timing  of  tcouatisal  spectra  from 
which  directivity  pttlarne  of  noiee  rtdiaiad  from  lha  complala 
aircraft  in  Might  and  from  ptrlicular  noise  tourcse  can  be 
obtained  Author 

N73-210S6  Westland  Halicoptera.  Ltd.  Yeovil  (England) 

THF  NOISE  CHARACTERIST)C8  OF  A LAROE  CLEAN 
ROTOR 

John  W Lavarton  In  AGARD  Aarodyn  ol  Rotary  Wings  Fab 
1873  14  p refs  (For  tvaJsbilny  see  N73  2IC31  12-02) 

A 2-Uaded  88 -ft  dremater  rolor  was  run  on  a lower  m an 
invaited  mode  to  that  the  problem  ol  recircultlion  and  the 
diflicultiee  ol  measuring  noise  diieclivily  cheracteritlict  could  be 
overcome  Thie  paper  ouilmet  tfie  anr lysis  proceduie  used  and 
pretents  Ih#  detailed  results  obtsined  From  a practical  tiomt  ol 
view  rotor  noiee  can  be  considered  :o  conaiat  of  rotational  or 


diacrata  liaquency  noise,  low  frequency  broadband  noise  end 
high  Iraquancy  broadband  noise  The  tpectium  cheracienatict 
and  the  directivity  patterns  ol  each  ol  thesa  souicas  have  been 
eitaminad  as  a function  ol  the  Made  up  speed,  the  total  rotor 
Ihiutt  and  lha  maaauiament  angle  relative  to  tha  rotor  disc 
plane  The  trends  associated  with  the  overall  noisa.  which  is 
dependent  on  the  leleiivc  magnitude  of  the  individual  sources 
have  elao  beeii  studied  These  results  have  been  compared 
where  pottibla.  wqh  the  irandt  gnren  by  theoretical  and 
tami  empitical  piadiction  methods  Tima  history  traces  are  also 
included,  these  show  that  even  under  ideal  conditiont  rotor  noise 
ta  imputawa  in  natura  Author 


N 73  21920s  Advisory  G'oup  lor  Aerospace  Research  and 

Dovelopnienr  Pans  I Franca) 

HELICOPTER  BLADE  FLUTTER  Revision  ol  Pan  3. 
Chapter  10  of  AGARD  Manual  on  Aeroelaaticity 
N 0 Ham  IMIT.  Cambridge)  Jan  1973  37  p rats 
lAGARO  R-S07)  Avail  NTIS  HC  S4  00 

Methods  ol  analysis  ol  helicopter  blade  flutter  lo-  both  hinged 
and  hingeless  blades  are  presented  The  major  types  tortsidered 
are  bending  torsion  flutter,  flap-lag  lluttar.  and  stall  Uniter  Bo'.n 
hover  and  forward  flight  are  considered  Means  ol  avoiding  flutlar 
are  described 


N73-21931/I  Advisory  Group  for  Aerospace  Research  and 
Oevelopmani.  Pans  (France) 

AERODYNAMICS  OF  ROTARY  WINGS 

Norman  0 Ham  IMIT)  Mar  1973  9 p refs  Prasentsd  at 

Fluid  Oyn  Panel  Specialists  Meeting.  Ma'seille.  13  18  Sep  1772 
lAGARO  AR  61.  AGARD  CP  111)  Avail  NTIS  HC  $3  00 

The  pioceedings  ol  a conlaience  to  discuss  the  aerodynamics 
ol  rotary  wmgs  ate  presented  The  subtects  discussed  are  ID 
lo'.or  wakes.  (21  rotors  al  hover  and  at  high  advance  ratio.  (3) 
lotor  unsteady  airloads  (4|  rotor  airfoils.  IS)  rotor  conligutaiHins, 
and  16)  noise  generated  by  rotary  wings  P fl  F 


N73-24042j((  Advisory  Group  for  Aerospaca  Research  arxl 
Oevelonmant.  Peril  (Franca) 

AIRCRAFT  PERFORMANCE  PREDICTION  METHODS  AND 
OPTIMIZATION 

J Williamt.  ed  Mat  1973  345  p rets  In  ENGLISH  and 

partly  in  FRENCH 

lAGARO  LS  56)  Avail  NTIS  HCS19  25 

The  <Jevelix>ment  and  application  of  aircraft  performance 
piadiclion  mathods  are  developed  The  melhods  are  applied  to 
tubaonic  and  luperaonic  aircraft  The  basic  topics  discussed 
include  (1)  range  and  radius  ctpabiliues.  121  lakaod  and  landing 
oparationt.  and  131  aircraft  maneuvers  Problem!  ol  asrodynamic 
prediction,  aircraft  mass  astimition  and  angma  selection  are 
included  Paramatiic  and  oplimuation  lechniquaa  lor  aircraft  design 
tyntheais  ara  raponsd  For  individual  titlea.  see  N73-24043 
through  N73-24054 

N73-24043  Min.atry  ol  Delance.  London  (England)  Projecl 
Performance  Analysis  Section 

RANGE  AND  RADIUS  OF  ACTION  PER.'ORMANCE 
PREDICTION  FOR  TRANSPORT  AND  COMB/.T  AIRCRAFT 

Robert  K Page  In  AGARD  Aircraft  Performance  Prediction 
Methods  and  Oplimitation  Mar  1973  32  p rale  IFor 

availability  sea  N73-24Q42  15  02) 

Numerical  methods  lor  determining  the  range  and  radius  ol 
action  performance  ol  transport  and  combat  aircraft  are  presented 
The  data  required  for  tha  prediction  process  are  explained 
Cortditiona  which  govern  the  choice  of  method  10  be  used  are 
anaivtad  Tha  following  paramelars  are  exammad  to  show  the 
aftaci  on  aircraft  range  (1)  optimum  cruising  tpeada.  (21  cruise 
height  achedules  and  integrated  range.  (3)  efteci  ol  vartous  aircraft 
and  engine  chaiaclentucs  Mathematical  models  are  included  to 
support  the  theoretical  concepts  and  tables  of  data  ara  providad 
lo  show  application  ol  data  Author 
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N72*24044  ftov^l  Aircraft  €tubli«hm«nt.  fcrnborouo^  (Cr>9lar>d} 
A«rotfyT>amic«  Oapt 

AIMIILO  FKMFOflMANCt  FfICOICTION  MeTHOOS  FOM 
TRANSFOHT  AMO  COMSAT  AIRCAAFT 

John  WiNtam*  M AQARO  Aircraft  Parlormanca  Prad*ciK>n 
Mathoda  and  Optimiiai*on  Mar  1973  56  p raft  <For 

•vailaMity  aoa  N73  24042  15-02) 

Mathodt  for  avaluatino  and  pradictir>9  tha  airfiald  parformanca 
of  lurtM>t4t  *nd  lurbofart  aircraft  Oparatirtg  m conventional  ar^ 
short  takaoff  modst  ara  davalopad  Airfield  parlormanca 
paramatara  »r<luda  (1)  accalarating  and  dacalaratmg  grourtd  run. 
<2)  rotation  to  liftoff  ar^  from  touchdown.  U)  airtwrna  flara.  up 
and  Out.  arid  (4)  climb  artd  dtscant  approach  Tha  aircraft 
configurations  to  which  tha  data  apply  *ra  datenbad  Tha  factors 
involvad  in  airfiald  parformanca  pradiction  ara  formulated 
saparatafy  for  takeoff  and  iar>ding  operations  The  sensitivity  of 
airfield  performance  comparisons  to  tha  specific  choice  of  technical 
and  operational  assumptions  is  illustrated  Author 

M73-24046  Oorniar-Warka  GmbH,  Fnedrichshafan  (West 
Germany)  Flight  Machanics  Dapt 

FUOHT  MANOEUVRE  AND  CLIMB  PERFORMANCE 
PREDICTION 

Hanbert  Friedal  In  AGARO  Aircraft  Parformanca  Fradiction 
Mathoda  arvj  Optimqation  Mar  1973  61  p refs  (For 

availability  sea  N73  24042  16-02) 

Methods  for  predicting  aircraft  flight  manauvar  and  climb 
performance  are  prasanted  Tha  mathods  era  based  on  tha 
aquationt  of  motion  in  a varticai  and  m a honiontal  plar>a  Tha 
problems  concerning  tha  point  performance  values  are  aitplainad 
The  raiationahip  between  axcaaa  power  and  load  factor  and  thair 
influence  on  climb  eng  turn  performance  are  dtscutsed  Mathoda 
for  evaluating  the  Mach-dependent  performarKe  valuaa  and  the 
related  optimum  values  ara  raponed  Author 

N73-2404B  Service  Technique  Aaronautiqua.  Pans  (Frarvea) 
THE  ESTIMATION  OF  AERODYNAMIC  COEFFICIENTS 
NCCEBBARY  FOR  PERFORMANCE  CALCULATIONS 
C Uevar^s  In  AGARO  Aircraft  Parformaixt  Pradiciion  Methods 
ar^  Cptimiiation  Msr  1973  28  p In  FRENCH  (For  availability 

see  N73-24042  16-02) 

Aerodyntmic  coeft»cienu  ere  used  10  viudy  the  performar«ce 
of  scale  and  wmd  tunnel  models  of  trsnsport  aircraft  Data  cover 
fuaalaga  reactions,  boundary  Isysr  evolution,  and  diffarerKss  m 
rasufts  frvf  the  two  models  Particular  attention  was  grven  to 
the  affects  of  bour^dery  layer  flow  separation.  bour>darv  layer 
evolutKXi.  boundary  layer  rtschon  near  fl»ght  and  attack  edge, 
arxl  shock  wave  interaction  with  the  bourvdary  layer 

Trsnsl  by  £ H W 

N73-24047  Service  'technique  Aaronsutiqua.  Fans  (Frar>ca) 
AIRCRAFT  MASS 

C Vfviar  arMj  P Cormier  In  AGARO  Aircraft  Par1ormar>ca 
Prediction  Mathods  ar>d  Optimijaiton  Mar  1973  21  p In 

FRENCH  (For  svc<:sb<l>ly  &4«  N73-24042  16-02) 

A study  was  made  of  methods  used  to  astimata  aircraft 
masa  and  the  affacts  of  that  mass  on  the  aircraft  performance 

TransI  by  E H W 

N73-2e04S*  National  Aefonautics  and  Space  Adminittrstion 
Lewis  Research  Canter.  Cleveland.  Ohio 

ENGINE  SELECTION  FOR  TRANSPORT  AND  COMSAT 
AIRCRAFT 

Jamas  F Ougan.  Jr  /n  AGARO  Aircraft  Parfo.marKa  Pradictinn 
Mathods  and  Optimuation  Mar  1973  65  p refs  (For 

;*-^ailab<ifty  laa  N73  24042  16-02) 

CSCL  21A 

Tha  procedures  for  salectir>g  angmst  for  transport  and 
combat  aircraft  duririg  the  deaign  process  are  prasenitd  Tha 
types  of  aircraft  considered  are  (1)  a long  haul  convarfticnal 
takeoff  arvj  lsr>ding  transoori.  (2)  a short  haul  vertical  (akeoft 
and  landing  irantport.  (3)  a lor>g  range  supersonic  transport, 
and  (4)  s fighter  aircraft  Th#  mfluanca  of  aircraft  r>oisa 
tonsidarationt  on  sngina  selection  i»  eiaminad  Tha  aerody- 
namic characteristics  of  Supercritical  wmgs  and  thair  affect  on 
ar>gina  selection  are  raportad  Author 


N73>24049  Ooatrig  Co..  Seanle.  Wash.  Commercial  Airplane 

Ofv 

PARAMETRIC  AND  OPTIMISATION  TECHNIQUfS  FOR 
AIRPLANE  DESIGN  SYNTHESIS 

Richard  E Wallace  in  AGARO  Aircraft  Parformanca  Predction 
Methods  ar>d  Optimaation  Mar  1973  67  p refs  (For 

avsilsbiirty  see  N73-24042  lS-02) 

Aircraft  deaign  synthesia  for  venous  cor>drtH>na  of  perform- 
ance and  load  carrying  capacity  is  dtacusaed  The  subiects 
presented  ara  (1)  parsmetre  evaluation  tachmquaa.  (2)  optimaa- 
lion  avaiusiion  techniques,  and  (3)  computantnd  airplane  design 
synthesis  Charts  are  developed  to  show  the  elements  of  synthesis 
principal  lines  of  data  flow  for  aircraft  dasign.  propulsion 
parameters,  aerodynamic  parameters,  and  optimization  methods 

Author 

N73-240S0  Seriate  Nstionala  Indusinelle  Aerospatiale.  Pans 
(Frenca) 

DISCREPANCY  BETWEEN  APPROVAL  AND  MODERNISM 
G Dumas  In  AGARO  Aircraft  Performance  Prediction  Methods 
and  Optimization  Mar  1973  3 p (Fo' availabitity  sea  N73-24042 

15  02) 

Tha  characteristics  of  eircraft  flight  menuais  and  their  formats 
for  prasartiation  of  mfoimation  are  discussed  A specific  exempie 
Of  tha  take-off  performance  chart  is  developed  Discrepancies  >n 
performance  data  which  arise  from  different  mathods  of 
compiling  and  computing  the  irtformaiiort  are  cited  A diagrann 
of  a typical  takeoff  chan  to  show  the  irMerrelanonshtps  of  outside 
air  temperatuie.  flap  satiirtg  aircraft  weight,  speed  ratio,  runway 
slope,  and  wmd  velocity  and  their  effect  ort  takeoff  distartce  is 
ifKluded  Author 

N73  240S1  Techmsche  Hogeschool  Oelft  (Nether1ar\d&) 

AN  ANALYTICAL  EXPRESSION  FOP  THE  BALANCED  FIELD 
UNOTH 

E Torenoaek  /o  AGAAD  Aircraft  Perfur»iianue  Fivdivt'ori 
Methods  and  Optizanon  Mar  1973  8 p rels  (For  availability 

see  N73  24042  15-02) 

A tractable  analytical  eipression  for  the  balanced  held  length 
of  • civil  aircraft  to  be  used  m parametric  design  studies  is 
presented  It  is  demonstrated  that  m the  pr0)6ct  design  stage,  a 
deteiled  solution  of  the  equations  of  motion  and  the  graphical 
numerical  processes  fo'  the  definition  of  the  deosion  point  can 
be  avoided  without  serious  loss  of  accuracy  Mathematical  models 
ere  prepared  to  show  the  method  for  analyzing  aircraft  takeoff 
performance  Diagrams  ere  included  to  show  the  phases  of 
lekcoft  which  influence  the  aircraft  performance  and  forces  exerted 
on  the  aircraft  during  the  takeoff  phases  Author 

N73-24052  Dormer  W^'ke  GmbH  Frtedrichshafen  iWesi 
Germany) 

SUPPLEMENTARY  NOTE  TO  FLIG*''  MANOEUVRE  AND 
CLIMB  PERFORMANCE  PREDICTION 

P Foerster  In  ACARD  Aircraft  Performance  Predictu, ' Methods 
afKJ  Optimization  Mar  1973  8 p (For  availability  see  N73  24oh2 
1602) 

A numerical  analysts  of  the  minimum  time  climbing  procedure 
for  aircraft  is  prasented  The  procedure  ts  defined  as  the  locus 
of  eM  tangent  pcmii  of  the  contlant  energy  lines  and  the  constant 
apecific  excess  power  lines  on  the  performance  chart  In  a similar 
manner,  the  minimum  fuel  climbing  procedure  <s  defined  by  a 
locus  of  ell  tangent  points  of  thw  rnnsiani  energy  maneuverability 
index  hr>e.  and  the  ‘ specific  eneiuv  imes  St.*ocific 

eppticetion  of  the  methods  to  a typical  subsonic  c*rcraft  is 
analyzed  Author 

N73-24053  Hawker  Sirtdeioy  Aviation  Ltd  Brouph  (cngland) 
MINIMUM  TIME  TRAJECTORY  COMPUTATION  DEVELOP 
MENT  OF  THE  CALAKRISHNAN  METHOD 

P MiddIclOr'  In  AGARO  Aircraft  Performance  Prediction 
Method*  and  Optimization  Mar  1973  6 p id  (Toi  availability 

see  N73-2404?  -S-OZi 

Vha  davalopment  of  a computer  program  *or  determining 
minimum  time  trajeciory  for  aircraft  flight  is  discussed  in  the 
method  discussed,  the  state  end  control  variables  are  considered 
at  e number  of  discrete  points  and  a path  through  the  rreirix 
of  these  values  is  computed  for  the  solution  The  gradient  method 
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ol  cofnpuution  tn  which  lh«  •quthont  o<  motioo  «ft  mt«gr«l»d 
•t  Mch  it##«tion  It  dttcnbtd  MtihtmttictI  modtU  tnd  gc«(rht 
trt  lAdudtd  to  tuppoit  tht  thooitiicol  cootidorttiont  Author 

M73-34064  Royol  Aircrth  EttoUithmtni.  Farntx^.ouflh  (England) 

ACVIfW  OF  TWO  MiTHODt  OF  OPTIMIZING  AIRCRAFT 
DCMON 

O L I Kidipotricli  In  AGARO  Aircraft  Ptrlormanct  Pradichon 
Mathodt  ahd  Optutiuattoo  Mar  1973  p 14  (For  avaiiabiittv 
IM  N73-24042  16  02) 

Two  mathodt  of  oo1imair>o  aircraft  datian  ara  ditcutaad 
On#  It  an  analytica!  mathod  of  opiimiamg  thraa  of  tha  prmca>al 
datign  vanablat  of  a twhtomc  twapt  wmg  lat  trantport  aircraft 
ar>d  damcnttratad  low  optimum  design  is  affactad  by  changas 
in  mitson  raquiramentt.  oparatiooal  constraints,  and  asaumad 
design  changes  tha  other  method  uses  an  aircraft  design 
program  cou^d  with  the  multivariate  anahrsis  tachniqiia  to 
optimiif  1 6 aircraft  design  venables  usir>g  eputtions  to  represent 
the  aei  )dvnemic  characteristics  of  the  wing  end  high  irft  devices, 
the  maises  of  all  the  various  aircraft  components.  ar>d  rna  engirt# 
parlormance  Author 


N73-27000I  Advisory  Group  for  Aerospace  Research  end 
Oavaiopmeni  Paris  (Franca) 

MIIITARY  APPUCATION8  OF  V/STOL  AIRCRAFT. 
VOLUME  1 

Apr  1973  14S  p refs  Partly  m ENGLISH  arvd  partly  m 

FRENCH  Presanied  at  41st  meatmg  of  the  flight  Mech  Panel 
of  AGARD  erussais.  23  2$  Oct  1972 
(AGARO  CP  126  VoMI  Avail  NTlS  HC  S9  26 

The  p.'cceadmgt  of  a conference  cn  the  mijitary  applications 
of  V/STOl  aircraft  are  presented  Past  developments  on 
aspenmantal  V/STOl  aircraft  as  well  as  current  military  doctrine 
and  oporattonal  eitperianca  are  discussed  Or>gomg  and  new 
davalopment  programs  are  reviewed  to  provide  visibility  to 
potential  new  capebilities  Future  military  applications  for  V/STOt 
aircraft  in  terms  of  currently  perceived  operational  req^irementa 
ware  analyitd  for  mdiv  dual  titles,  see  N73-2  7O01  throuoh 
N73  27013 

N73  27001  Massachusetts  Irst  of  Tech  . Campr.j  t 
A REVIEW  OF  PAST  AOARO/  NATO  ACTIONS  ON  V/STQL 
AIRCRAFT  AND  YHEIR  APPLICATIONS 

fl  M Millar  /n  AGARD  Mil  Appl  of  V/STOl  Aircraft.  Vol  1 
Apr  1973  3 p (For  avtilfbiiilv  see  N73  27CXX)  18  02) 

The  1969  rneeting  was  convened  m order  to  review  the 
rtsuitt  of  ar^  AGARD  study.  V/STOL  Comparison  Study  conducted 
by  an  ad  hoc  group  of  specialists  m lata  1968  and  1969  and 
published  as  AGARO  Advisory  Report  No  18  This  study  reviewed 
the  status  of  existing  technology  giving  dettils  of  the  meny 
VTOl  vehicles  which  had  been  built  and  the  lessons  learned 
from  their  flight  axpanancas  The  report  than  reviewed  ;;»#  manner 
in  which  further  research  could  be  axpected  ;o  increase  the 
effectiveness  of  such  vehicles  and  the  potential  mission  improve 
rr.ents  which  would  result  The  rnissK>ns  considered  ware  attach, 
transport  $rui  rescue  Finally  a researen  program  was  Outlined 
which  hopefully  would  ensurt  achieving  these  improvements 

Author 

N73-27002  Avions  Marcel  Dassauli-Breguei  A viation.  Samt 
Ooud  iFranca) 

WIND  TUNNEL  FOCUSING  POiNT  STUDY  ANO  FLIGHT 
TEST  OF  A8SULT  MIRAGE  3 6 (ETUDE  ET  MISE  AU 
POINT  EN  SOUFFLERIE  6T  EN  VOL  DE  L AVION  DASSAULT 
MfRAOE  3 61 

G OaRtchamoot  in  AGARO  Mil  Appl  of  V/STOl  Aircraft 
Vo!  1 Ap:  197?  15  p Jr.  FRtNCH  (For  avaiiibilny  see 

N73  27000  18  02) 

flight  transition  and  control  problems  of  the  Mirage  3 (5) 
attach  aircraft  are  studied  during  flight  and  in  wir»d  tunnel)^ 
Data  cover  flight  variations  caused  by  exhaust  longitudinal 
skidding  eHacia.  and  lift  A comparison  wst  made  of  tael 

Traoti  bv  E H W 


N79-27003  Air  Forca  Flight  Dynamics  Lab.  Wright-Pattarson 
AFS.  Ohio  Prototype  Dnr 

A REVIEW  OF  THE  US  TRI-SERVICE  V/STOL  PROGRAMS 
Barnard  UndenPeum  and  Daniel  E Fraga  In  AGARD  Mil 
Appl  of  V/STOL  Aircraft.  Vol  1 Apr  1973  17  p refs  (For 

availability  saa  N/3-27CX)0  18  02» 

A bfief  history  of  tha  U S Tn-Sarvica  V/STOL  Programs  is 
praaantad  ar>d  aspacia  of  propeller-based  propulsion  systems  for 
VTOL  aircraft  as  reprasanted  by  tha  three  dittmcdy  diffarant 
design  concepts  found  m the  XC-142A.  X-19  arxl  X-22A  are 
axammad.  A comparison  of  the  basK  charKtanstics  of  these 
aircraft  la  provided  m hover  arwl  vertical  Right,  transition  and 
STOL  flight  and  flight  m tha  conventional  moda  This  includes  a 
dixccssion  of  vehicle  performance  ar>d  efficiencies.  har>dling 
Qualiiias.  and  method  of  flight  control  in  addition  a summary  of 
tha  mator  actidams  associated  with  these  programs  is  presentad 
as  wall  as  s bnaf  discussion  of  the  irrpact  of  technology 
improvamants  or^i  future  propeller  driven  VTOL  designs  Author 

N73-27D04  Domier-Werke  GmbH.  Friednchihafen  (West 
Garmar^y) 

00  31  EXPERIMENTAL  PROGRAM:  RESULTS  AND 

CONCLUSIONi  OBTAINED  ANO  FUTURE  OUTLOOK 
(PROGRAMME  EXPERIMENTAL  00  3l : RESULTATS 

OBTENUS  ET  CONCLUSIONS  A TIRER  POUR  L'AVENIR) 
Radoslav  Orsgarx>w  and  Hamt  Max  /n  AGARD  Mil  Appl  of 
V/STOL  Aircraft  Vol  1 Apr  1973  16  p refs  In  FRENCH 

fFor  availability  see  N73-27DOO  18  02) 

Tha  techntcsl  aspects  of  the  Oomier  31  V/STQL  sircrsfl 
ar^  the  research  project  leading  to  production  of  the  aircraft 
are  discussed  The  following  problems  of  V/  STOL  aircraft  operation 
are  discussed  (1)  control  of  ih#  engine  system.  (2)  stability  srto 
control  m hover  §n6  transition.  (3)  jel  interlsrtnca  affects.  (4| 
racircuJaiiOn  and  ground  srcsion  effects,  s^d  iS)  riO'se  pmW^.'r.s 

Author 

N73-27006  Msnna  Aircraft  Wmg  (2d).  Cherry  Point  N C 

AV-8A  HAP3IER  CONCEPT  ANO  OPERATIONAL  PER 
FORMANCE,  US  MARINE  CORPS 

T H Miller.  Jr  and  C M Baker  (Marine  Aircraft  Group  32 
SeautOft.  SC)  in  AGARO  Mil  Appl  of  V/STOL  Aircraft 
Vol  1 Apr  1973  6 p (For  availability  sea  N72  27000 

18  02) 

The  design  concept  and  operatic^ai  performance  of  :he  AV  8a 
Harrier  aircraft  are  discussed  An  analysis  of  the  U S Marma 
Corps  reguiremsnis  and  ei^ploymant  of  the  aircraft  for  military 
purposes  IS  presented  The  use  of  V/STOL  aircraft  m various 
military  situations  is  raportad  Author 

N73'270Q6  Varstnigia  Flugiechnische  Werka  GmbH  Bremen 
(West  Germany) 

VAX  191  B EXPERIMENTAL  PROGRAM  FOR  A V STOL 
STRIKE  RECCE  AIRCRAFT 

Rolf  Riccius  and  Werner  Sobotta  in  AGARD  Mil  Appl  of 
V/STOL  Aircraft  Vol  1 Apr  1973  18  p refs  (For  svailabihty 

see  N73  27000  18  32) 

The  design  development  and  flight  characteristics  of  the 
VAK  19lb  stnke/reconnaissance  aircraft  are  presented  The 
subjecis  discussed  are  ( 1 ) research  and  development  test  program. 
(2)  control  systems.  (3)  longitudinal  response  (4)  hovering  end 
venical  flight  path  chsraciansiict  (5)  flight  control  system 
transition  cherictaristics.  and  (6i  growth  potential  Author 

N73-270O7  Canadair.  Ltd  . Montreal  (Quebec) 

TESTING  ANO  EVALUATION  OF  THE  CANADAIR  CL  S4 
TILT  WING  V STOL  AIRCRAFT 

F C Phillips  In  AGARO  Mil  Appl  of  V/STOl  Aircraft.  Vol  I 
Apr  1373  13  p refs  (Fgr  availability  see  N7 3 2 7000  18  02) 

Avar)  N7IS 

Tl*e  teSiin^  and  evaluatio.n  of  the  CL  81  tilt  w.^'g  V;ST0l 
erreraft  ere  discussed  The  subfects  presented  are  (1)  the  Cl  04 
prototype  progrem.  (2)  evaluation  program  <?l  Operational 
experience  (<)  application  to  specific  miMa-y  roles  and  <6) 
instrument  Dying  eveluetion  Author 

N73  2700S  Avions  Marcel  Oassauii.  Samt  Cloud  (France) 

EXPERIENCE  ACQUIRED  DURING  THE  COURSE  OF 
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FUOHT  Ttrra  and  ofemational  utiuzation  or 
•REOUET  *41  RTOL  AIRCRAFT  |EXFERIENCE  ACQUIRE 
AU  COURR  OER  ERRAIR  EN  VOL  ET  EN  UTIURATION 
OFERATIONNELLE  OE  L'AVIONR  RTOL  RREOUET  R41| 

J Ct«nc-  nh#im  In  AGARD  Mil  AppI  ol  V/STOL  Aircr»h. 
Vol  I Ap>  1973  12  p '•(>  In  FRENCH  (For  ivailabilitY 

(M  N7 3 27000  18  02) 

Tl>«  lw»lo*y  and  pa<*o'manca  pnncipl«a  d lha  Baiguai  941 
STOL  awcrafl  aia  praMOiad  ProWami  aiicounle.ed  during  iha 
cpuiaa  ol  Right  laau  and  toluliona  adopiad  aia  g.  ■ «'  T*ai  data 
couar  harwMingd'ialitiaa.  oparalKutal  characlanttict.  rolling  ttau:'ity 
on  tha  ground,  and  flight  qualitwa  Tranal  by  E H W 

N73-2700S*  National  Aaronautict  and  Space  Adnimiitrition. 
Wtshingfion.  0 C 

NARA  FROFULRIVE  UFT  RTOL  TECMNOLOOV  PROGRAM 
Garald  G Kaytan  and  William  S Aikan  tn  AGARO  Mil  Appi 
of  V/STOL  Airtraft.  Vd  1 Apr  197:i  4 p (For  avoilabililY 

tea  N73  27000  18  021 
CSCl  01C 

A NASA  propulaiva  lilt  tachoolofly  program  lor  abort  takaoh 
aircraft  It  diacuaaad  in  tha  propulana  lill  program  turbolan  angirta 
power  la  utad  to  augment  tha  lift  ol  attantiallv  conventional 
winga  Potentially  important  applicafiona  of  tha  proputarva  lilt 
davalopmanta  lor  varioua  aircrah  opariiing  conditiooa  ara  reported 
h n aiatad  that  tha  obiactnra  ol  the  piogram  it  to  provida  tachmcal 
mlormation  on  tha  datign.  davalopitvint,  oparaton.  and  regulation 
of  propulaiva -I lit  airciaft  Author 

N73-27010*  Oa  Havillind  A.iicrth  Co.  Ltd.  Oowntviaw 
(Onttnol 

THE  RUFFALO/RFEV  JET  RTOL  RESEARCH  AIRCRAFT 

0 C Whitnay  M AGARO  Mil  Appi  of  V/STOL  Aircrah.  Vol  1 
Api  1973  13  p rafa  Sponaorad  in  part  by  NASA  (For 

avtiltLility  aaa  N73  27000  18  021 
CSCL  01C 

Tlia  program  to  daaign  ard  buM  a 8uffalo/Spay  Aogmantor 
Wirtg  raaaarcn  aircraft  it  piatanlad  Tha  development  ol  an 
internally  blown  flap  ayttam  lor  the  ganaialion  ol  powered  lih 
It  ditcutted  Modification,  davalopmant  and  tatting  ol  the 
Roiii'Royca  Spay  arygma  art  reported  The  ground  taatt  and 
lirtt  flightt  ol  the  aircrah  ara  datcnbad  and  the  appncaiior  of 
the  internally  blown  flap  concept  lor  abort  takaoH  miliiary  tranaport 
ancrah  It  propotad  Author 

N73-27011  Britiah  Aircrah  Corp  Aaybndga  (England) 
MILITARY  ASPECTS  OF  CIVIL  V STOL  AIRCRAFT 

N W Boorar  In  AGARO  Mil  Appi  ol  V/STOL  Aircrah  Vol  1 
Api  1973  12  p ral  (For  availability  aaa  N73-27000  18-02) 

Tha  ranonala  ol  dava'opmg  a military  ucncal  ahon  takeoff 
tranaport  aircrah  in  an  avolulionafv  pattam  m paralltl  witn  tha 
davatopman!  ol  civi!  ahoh  'akeofl  ei'cah  't  piaaantad  Tha  mam 
chaiactanatict  ol  military  end  civil  abort  takaoh  aircrtll  are 
daacribad  The  military  raquiramania  and  operational  conaidara- 
liona  ol  lha  abort  ttkaoH  tranaport  aircrah  era  dalmad  Author 

N73-27012  AeronautK  d Syalami  Oiv  , Wright  Paitaraon  AFB 
Ohio 

SELECTINO  A STOL  TRANSPORT 

Fred  0 Oratio.  Sr  In  AGAliO  Mil  Appi  of  V/STOL  Aircrah. 
Vol  I Apr  1973  9 p lala  (For  availability  aaa  N73-27000 

18-021 

lha  procaduiaa  lor  loannfying  the  proper  charactanatica  ol 
a thorl  Itkeofl  liantpoH  encrtH  uling  currtni  and  peat 
davalopmant  ahorta  are  ditcutaad  The  pioceduma  include  Ml 
(aeaible  deaigna  incoiporaimy  powerad/liH  ayaiama  (21  edvenced 
ayatema  (inc'uding  compoaMe  atructuraal.  131  high  flotation  landing 
gtaia  (4)  vulrerabilny  pioiacnon.  (SI  upeiating  mtigmi  and 
ciitaiia  161  ai'ciih  handling  qualiiiea  (7)  operating  conairainia. 
end  (81  coaia  Aulhor 

N73-27013  Bundaaminialer  luai  Vehaidigung  Bonn  IWaat 
Germany) 

GERMAN  COMMENTS  ON  FUTURE  V.'STOL  REQUIRE- 
MENTS 

Uwa  Koester  In  AGARO  Mil  Appi  ol  V STOL  Ancrah  Vol  1 


Apt  1973  2 p (Fof  availability  aaa  N73-27000  18-02) 

A ajn/ay  ol  tha  V/STOL  wrapon  natem  devafopmenta  m 
Germany  or  with  Gaiman  part«ipation  la  praeantad  Tha  rat^naia 
for  davatoping  abort  taliaoff  rather  than  vertical  takaoh  aircrah 
la  davalopad  Problamt  mvotvad  m tha  anginaai  ing  ol  ahon  takaoh 
airciah  ara  oaacribad  Tha  raaaona  lor  not  lormulating  concrete 
rmtitary  raquiramanta  lor  ahon  takaoh  aircrah  are  anumatttad 

Author 


N79-278RRI  Adviaory  Group  for  Aarotpaca  Raaearch  and 
Oavatopmani.  Pana  (Franca) 

INFLUENCE  OF  PILOT  ANO  AIRCRAFT  CHARAuTERIRTlCR 
OFT  8TRUCTURAL  LOADS  IN  OPENATIONAL  FUONT 

J R Sturgaon  May  1973  29  p rafa 
(AGARD  h 306)  Avail  NTIS  hC  S3  SO 

Soma  ancrah  handling  proMama  mat  in  ppaintianal  ccmduc- 
tiona  ara  daccnbad  prtd  comparad  with  flight  tact  conditio-ya  h 
« coricludad  that  ariora  i-'-  flight  matrumantalion  and  pAyaiolagtcal 
cuat  have  a aubaunual  mfluc-Ka  on  control  capabiliTy  A umhad 
itraiagy  lor  flight  m aH  apa>aip?nal  cor.dniona  it  raquirad  to 
raduca  thaaa  problamt  A atretagy.  in-yd  at  mmtm««tg  atructuial 
loada  and  aarorlynam<  problama  in  all  fli^l  conditiona.  d propotad 
that  wM  raatr>ra  to  pilot  and  autop4r>i  flymg  the  poa«iya  aiabilrtv 
m pitch  and  yaw  which  « a claaarc  raguiramcwt  lor  aircrah 
Oparttnyg  in  lha  atick  haa  moda  Piopoaalt  are  mada  lor  improving 
lha  laQuiiamanta  ol  flight  matrumania  to  laduca  control  picblamt 
during  corrplaa  manauvraa  and  flight  in  aavara  wind  shear 
conrMions  Aulhor 


N79-7790R4  Adviaory  Group  lor  Aaioapaca  Raaatrch  and 
Davakipmani.  Pitia  (Franca) 

V/RTOL  DANDLING  OUALITIER  CRI'iERIA.  FART  2 

DOCUMENTATION 

Jun  1973  89  p raN 

(AGAflO-R  S77-Pt-2I  Avail  NTIS  HC  $8  SO 

Tha  laclora  which  alfacT  tha  handling  chaiaclantuc'  of 
V/STOL  ancrah  aia  diacuaaad  The  critana  eit  baaed  on  aavaial 
aourcar  ol  information  to  inclurSa  11)  analytical  atudiaa.  12)  pilotad 
armulatoi  taata  13)  flight  teau.  and  14)  apacially  squppad  vr  tjla 
aiabuity  ancrah  arx*  halicopleia  The  raauha  of  tha  taata  irrvnvmg 
handting  and  stability  ara  praeantad  m latc-'ai  loim  Author 


N7T  319S4*  Adviioiy  G'uup  Id  Aaroipace  Research  end 
Oevvlopme  .1  Pena  iTfancal 

ESCAPE  MEASURES  FOR  COMBAT  HELICOPTER  CREWS 

Au3  iy7j  39  p left 

lAOARO  AH  62)  Avail  NTIS  MC  $4  OO 

A nuOy  waa  conduciad  lo  deiarrmna  the  raqunamenia  and 
chaiauanaiica  ol  aacapa  rvatemi  !ni  use  with  halicopiv't  It 
waa  aiaiad  thoi  escape  ayatama  ara  laaaibla  but  ihai  lha  loury 
wing  craaiea  the  g-aalaal  obstacle  to  amargancy  aaai  election 
ii  waa  rec'-rnme.idcd  that  halicopiai  eacapa  cpncapis  be 
conaidarad  unoei  the  following  calegones  III  an  escape 
ayaiam  foi  leiiohv  >nio  helicopters  already  in  p-odijchon  o*  m 
service  I2’  an  escape  aysiam  lot  a naai  is'm  solution  and  i3l 
an  escape  aysiern  for  a lei  taim  aoluiion  The  conclunon  of  trie 
study  waa  ihsi  J laliohliable  escape  aysiem  u precncal  only  d 
II  laguiraa  ari  ahaolute  minimum  ol  development  time  and  dr>ea 
raquira  major  changes  lo  lha  haheopte  The  only  hkaly  canidstaa 
lo  aatialy  the  requnemer.i  are  manual  bailout  o'  s'dawaid 
ajeclion  Authoi 


N74  10S08/II  Advisory  Group  lor  Aarryapaca  Raaearch  and 
Oavatopmani  Paris  (France' 

SPECIALISTS  MEETING  ON  HEIICOPTER  ROTOR  PREDIC 
TION  METHODS 

Aug  1973  ISO  p lela  Mostly  m ENGLISH,  part.y  in  FRENCH 

Conf  held  at  Mrlan.  30  31  Mar  1973 

lAGARO  CP  122.  AGARD  CP  122)  Avail  NTIS  HC '.9  50 
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Th«  pwdiOQt  of  • coof«renc«  oo  >'n«thodi  fo<  prodictioQ 

dynamic  load*  on  haiicoptaf  rotors  sra  prasantad  Tha  subyacti 
dtacussad  ara  OWotary  wing  dasign  tacKnok>gv.  <2>  rotor  avstprn 
avaiuatfon  usmg  Na^icooiar  flight  aimuiation  program.  O)  load 
pradKiion  mathods  tor  hingalass  rotor  haltcopiara.  and  «4) 
iniagraiad  rotor/ body  loads  pvaOictiOn  For  trtdrvidual  titlaa.  saa 
N74  13909  through  N74  10916 

N74-10909  Kaman  Aarospace  Corp  Bloomfiald  Conn 
ROTARY  WING  DESIGN  METHODOLOGY 
Andrew  Z Lamniot  in  AGARO  Specialists  Meeting  on  Halicoplar 
Rotor  Rradtcuon  Methods  Aug  1973  14  p raft  (For  ava4ab4rtv 
saa  N74  10908  02  02) 

A rionliriaar  aeroalasiic  ulade  loads  analysis  is  descnbed  for 
calculating  iha  couplad  responses  airloads  distnbutions  arwf 
oerformarice  of  helicopter  rotois  The  ana'ysit  is  divided  into 
two  maior  pans  ( 1 1 calculator!  of  iMade  transient  stabtlity  behevor 
by  rreans  of  lir>eeraed.  couplad  eguetions  of  moton.  (21  celculetion 
of  periodic  blade  dyrvsmicc  er>d  eirloeds  distributions  usirig  fully 
coupled,  roniineai  equetons  of  rrvotion  The  enelysis  inciudas 
SIS  response  nnodes  and  two  input  control  modes  The  equetions 
of  rnoi*on  include  all  rionitnear  mertial  coupling  effects  snd 
nonlinear  aerodynamic  effects  such  as  reverse  flow.  Mach  number 
variations  large  induced  flow  angles  unsteady  aerodynamics, 
and  variable  inflow  Additional  features  the  analysis  are  the 
irKiusion  of  feedback  machanicai  coupling  among  the  assumed 
modal  and  the  inclusion  of  springs  and  damperf  for  each 

Author 

N74-10C10  Boeing  Co.  Philadelphia.  Pe  Structures  Staff 
CURRENT  LOAJ4  TECHNOLOGY  FOR  HELICOPTER 
ROTORS 

Richard  Gabel  /n  AGARO  Specieirsts  Meeting  on  Helicopter 
Rotor  Prediction  Methods  Aug  1973  1 1 p refs  (For  evailebility 
see  N74- 10906  02  021 

Prediction  of  leiigue  design  loads  is  essential  for  proper 
Siting  of  helicopter  rotor  systems  Tfie  C 60  <otor  loads  computer 
progiam  is  discussed  It  mcorpo  aics  the  effects  ^f  airfoil  section 
geomefc>  compressihility  stall,  three  dimensional  Row  unsteady 
earodynamics  and  nonnmform  ir.f to  provde  reliatXe  rotor 
loads  for  steady  stale  flight  conditions  ev«n  into  the  blade  stall 
regicn  Ro*or  loads  predict  oni  are  compaied  with  actual  flight 
test  data  from  6oe<ng  CH  47  and  Model  347  helicopters  An 
approach  to  component  s-^iog  is  presented  m which  a fatigue 
riwsign  loads  histogram  is  const lucted  using  calculated  steady  state 
flight  loads  end  empinoliy  determined  maneu^er  loads  Current 
efforts  to  improve  rotor  loads  predictions  through  incorporation 
o>  fully  cc:>p!jd  lag  pitch  flap  routines  simulation  of  control  *.ystem 
dynamics  and  development  of  maneuver  loads  programs  are 
discussed  Author 


N74  10911  Advisor,  Group  for  Aerospace  Research  and 
Oevtiopment  Pans  IF/ance» 

PREDICTION  OF  HELICOPI^R  ROTOR  LOADS 
J Gailoi  /n  Its  Specialists  Mealing  on  Helicopter  Rotor  Prediction 
Methods  Aug  1973  6 p refs  In  FRENCH.  ENGLISH  summary 
(For  availabiltiy  see  N74- 1(7908  02  02i 

The  correct  der  go  of  a rotor  requires  Quite  e prec  se 
knowledge  of  the  alternating  lofds  to  which  blade  and  hub  are 
submitted  The  problem  of  the  stir*ss  evalualion.  from  the  early 
design  stage  ma>  lead  very  sophisticated  methods,  because  the 
blade  IS  operating  in  a very  comple>  environment  Nevertheless 
simplified  methods  may  give  soH  '.mntlv  precise  results  (o  set 
up  correctly  the  dirr.ensions  of  the  ma>n  elemaots  uf  the  rotor 
The  i.-'eihod  described  here  supposes  srmpie  aerodynamics, 
indepentxni  of  blade  elastic  deformations  Thi*  degree  of 
iirrp(ificatiuf>  achieved  m tnis  theoretical  method  seems  to  be 
lusiifiad  by  the  correlation  obtained  with  experimental  airloads 
measured  on  a rnoOei  rotor  and  stresses  recorded  cn  ine  same 
rotor  or  a full  scale  sei' I ariiculated  rotor  Author 


N74  10912  Uiiited  Aircraft  Corp.  Siratfoid  Corin  Sikorsky 
Aircraft  Drv 

HELICOPTER  ROTOR  LOADS  PREDICTIONS 

Ptftar  J Arcidiacono  and  Raymond  G Carlson  In  AGARD 


SpactAlisit  Meeiirtg  cn  Helicoptar  Rotor  Pradrctioo  Methoda  Aug 
1973  12  p raft  (For  avatlebtlity  see  N74- 10906  02-02) 

A review  is  presented  of  the  eesumpiiont  end  lechmques 
forfwmg  the  bests  for  deteiled  compuielioo  of  rotor  toede  Typicei 
correletiori  resuHs  showing  the  effects  of  veneble  mflow  end 
unsteedy  eerodyrismics  on  blade  stresses  end  control  loeds  are 
prnsenied  These  effects  ere  shown  ger>erelly  to  improve  the 
eccurecy  of  predicted  results  A discussion  of  areas  where  further 
work  cen  be  enpecied  to  provide  a stronger  lechmcel  foundet«>n 
fo*  present  analyses  is  preserited  The  pnrKipel  areas  include 
more  deteiled  modelir>g  of  (1)  the  dynamic  stall  process,  (to 
define  unsteady  drag,  airloi.  and  blade  sweep  effects).  (2)  blade 
lifting  surface  effects  (to  model  more  accuraiety  blade  voaei 
interaction  affects)  and  3)  airframe  dynamics  effects  (to  define 
more  accurately  the  dynamic  couplir>g  between  Wade  and  hub 
motions}  Author 


N74- 10913  6a>*  Helicopter  Co.  Fort  Worth.  Tei 

ROTOR  SYSTEM  DESIGN  AND  EVALUATION  USING  A 
GENERAL  PURPOSE  HELICOPTER  FUOHT  SIMULATION 
PROGRAM 

Richard  I Benner  M AGARO  Specialists  Mee*mg  on  rtslicopter 
Rotor  Prediction  Methods  Aug  1973  IS  p refs  (For  availability 
see  N74  10908  02  02) 

New  helicopter  rotor  systems  ere  desigr>ed  end  e»istir>g 
configurations  ere  evaluated  by  means  of  a general  purpose 
helicopter  Right  simulation  computer  program  Discusaed  in  this 
paper  are  both  the  analysis  incorporated  in  the  program  ar>d 
eaampies  of  the  results  obteirved  from  the  program  The  three 
meior  parts  of  the  analysis  are  ID  matheinaticai  model  of  an 
elastic  rotor  based  on  the  model  technique.  (2)  rotor  aerodynamict. 
end  131  basic  rigid  vehicle  flight  mechanics  Ihe  mterrelationchip 
among  these  three  peris  are  diKussed  The  program  has  been 
u^ed  in  support  of  the  following  phases  of  rotor  sysl*tm  design 
end  evaluation  (11  rotor  Wade  freguency  pisesment  (21  wind 
tunnel  simulation.  (3)  steady  state  flight  simulation,  and  (4) 
transient  or  maneuvering  flight  simulation  Author 


N74  10914  Westland  Hclicoptors.  ltd  Yeouil  (England) 

THE  PREDICTION  OF  LOADING  ACTIONS  ON  HIGH  SPEED 
SEMI  RIGID  HELICOPTERS 

K T McKenzie  and  0 A S Howell  in  AGARO  Specialists 
Meeting  on  Helicopter  Rotor  Prediction  Methods  Aug  1973 
19  p <efs  (For  availaW  ity  see  N74  10908  02-02) 

The  inal/tivai  tecnniques  employed  to  predict  ihi  primary 
loading  actions  of  a high  speed  samt  rigid  rotor  helicopter  are 
described  Tht.  loading  actions  considered  are  overall  aircraft  trim 
balance  osciltaiory  rotor  loading  and  vibratory  forcing  of  ihu 
aidramc  f«omo  cf  :ho  design  considerations  associated  with  each 
of  these  loading  actions  and  the  correlation  with  flight  test  analysis 
are  presented  A description  is  given  of  a technique  for  the 
analysis  of  flight  test  results  which  has  enabled  a detailed 
comparison  of  the  harrnonic  response  of  individual  monies  to  be 
made  Author 


N74- 1091 6 Messerschmiit  - Boelkow  - Biohm  G rn  b H . Otiob'unn 
iWesi  Germany) 

LOADS  PREDICTION  METHODS  FOR  HINGELESS  ROTOR 
HELICOPTERS 

G Reicheri  In  AGARD  Special  sts  Meeting  on  Helicopter  Rotor 
Frediciion  Methods  Ang  1972  12  p refs  (For  availability  see 

N74  10908  02  021 

Ihe  special  loading  cor^dition  of  the  hmgeless  roto*  > eliropier 
•s  discussed  For  the  predict  on  of  the  loads  the  auroelastic 
behaviour  uf  the  rotor  blades  iricludmo  cha'ictenstic  couolina 
elfocts  has  to  be  considered  To  detui.nine  the  properties  of  the 
liingeless  rotor  system  ir.  an  analy«icel  approach,  a rnathemalicsl 
rT>odel  can  be  c&ed  which  simulates  the  aerodynamic  and  dynamic 
tehaviour  adequately  Thc'e  is  goori  experience  with  an  aerody 
namicaily  arid  dynamically  equivalent  system  of  ari  articulated 
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i«a>  wWi  hl^  Mnga  oMm  Analytical  data  aa  «mI  aa 
*U4  itMa  aiil  ba  tltown  (or  oiflafant  fligr.i  condHiona  kidutang 
manaiivara  Thara  ia  ralatbraly  g' id  rorralatlon  Tha  loada 
to*  Mmct  jral  datign  oi  tha  lotm  can  ba  ptadicMd 
laaaonably  wal.  Tha  mathodi  aia  not  latisfactory  lot  control 
loada  In  ataHad  oonditiont  and  tor  higli  l.armonic  vibratory 

Author 


••74-KHI#  Army  Air  Mobility  Raaaarch  and  OavalopmanI  Lab.. 
MoMatt  HaM,  CaM 

INTIQRATID  MOTOR/BOOY  LOADS  FSCOiCTION 
S M Cartoon  and  A W Karr  llockhaad  Cabf . Burbank)  /« 
AOARO  SpaciallaM  Maoilng  on  Maltwpiar  Rotor  Aradiebon 
MMhadi  Aug.  1972  9 p roll  (Fcr  avadaMIty  aaa  N74-1OS0S 
02-02) 

An  mtarditciplinary  analyst,  aihich  baa  grown  out  ol  a 
roquiramant  far  a nordinaar  handling  qiialitiaa  ovakiation  tool, 
baa  boon  machanrtad  in  a faarvon  which  providoa  a capability 
*0  ptbdia  rotor  loada  affactad  by  rotor/airframa  icdaroction  in 
ataady-aiata  and  tranaiant  llighi  condilioiM.  Tha  mntlaling 
phdaaophy  in  davafaping  thia  anclyiia  oombirMB  tha  capablitiaa 
ol  a taarrt  ol  analyoli  frorrr  aavaral  apodrltiaa  to  eraata  a uaraatba 
modal  which  prowidaa  corraiatant  data  far  rKimaroua  applicationa. 
Thia  phdoaophy  • praaamad  in  addition  t a daacrjptlon  ol  tha 
modal  and  a aummary  ol  ita  ranga  of  ap>.  ..ationa.  fiamplaa 
•TMilving  rotor  loada  pradfation  art  praaantad  (1)  avahiation  od 
elaarartoa  batwaar  rotor  Nadai  arrd  hiaaltga  during  aoruama 
manauvara.  (2)  aabmation  ol  lour-bladad  rotor  raactionlaaa  implana 
moda  ittbdrty  and  loada.  ar>d  (3)  gartaral  rrtanauvar  rapatidlt[f 
and  transtent  loads  astimaiion  Ai»o  prasantsd  ara  iraaa  propoaad 
far  oont-  'Ivvaktprrwnt  aitd  rafmantant  ol  tha  nwxM  to  lurthar 
ineraa  ol  applrcationa  Author 


N7A-12T1SI  Advtaory  Qroup  for  Aaroapaoa  Raaaarch  and 

Omratoprtrarit.  Rarta  IFrancal 

MARKINOS  FOR  AROACLLfR  CONSAICUITV 

T C.  0 Wlitaaida  ^RAF  Inat  ol  Aviation  Mad)  Sap  1973 

17  p rala 

(AOARD-AR-SSI  Avad:  NDS  HC  S3  <X> 

Tha  ganaral  proMam  of  marking  propaUara  ao  that  ihay 
may  ba  aaan  • diacuaaarl.  Tha  propadar  muat  ba  eorwpic>«OMa 
w paraena  walking  naar  it  whan  tha  tircrali  ia  on  iha  ground 
but,  on  tho  rdhar  hand,  in  uiving  arfa  in  Right  it  muat  not  ba 
detracting  or  ai-noying  to  tho  pitot  Othor  faetora  to  ba  oontidarad 
ara  tha  conapicuily  at  low  and  at  high  rpm:  tha  oonapicuity 
■gainat  varfaua  bockgrounda  ttnco  maikinga  aaady  viaibla  agaktat 
a dark  giound  may  not  ba  viaibla  agamai  a li^  ground;  lha 
uao  ol  eoiourtd  maninga  which,  although  aaaHy  aaan  on  a 
atadonaiy  propaRar.  bacoma  daaaturatad  whan  tha  propaBar  w 
turning,  and  Rnady,  tha  praaanoa  of  btightnaaa  and  of  oefaur 
caniraai  with  tha  background  In  thaory.  to  obtain  ntaaimal 
brigblnaaa  oontratt.  black  and  whica  markinga  ahouW  ba  uaad 
ao  that  lha  bladaa  may  ba  aaan  againal  aithar  light  and  daik 
background.  Aa  black  matt  paint  may  appaar  gray  amoa  it  acattora 
mcidaot  light,  tha  ntarkmga  ahoutd  ba  in  a gloat  Rmah.  Author 


N74-17720#  Advitory  Group  lor  Aeroaptca  Raaaarch  and 
Davalopmant.  Ptni  IFrancel 

fuoht  in  tursuurce 

Nov  1973  366  p rala  Praacnied  at  iha  42d  Maaimg  ol  (ha 
Flight  Mach  Panai  ol  AGARD.  Wobuin  ALbay.  England. 
14-17  May  1973 

lAGARO-CP-UOl  Avail  NTIS  HC  S2 1 25 

Tha  procaadings  ol  a conlararKa  on  the  etfacta  of  atmoa- 
pharic  turbulanca  on  a.icralt  opa-alirin  art  praaantad  Tha  aubtacta 
diacuuad  include  the  following  II)  charicteristict  ol  ttmoapharic 
lurbultnca.  (21  auciaft  opaiabonal  pioblemt  created  by  aimoa 
pharic  luruulanca.  (3)  antlyiit  ol  wake  vonicaa  and  wmd  ahaar. 


(4)  atructural  loada  and  guat  criteria.  (5)  aircraft  daaiQfi  for 
portormar^ca  undtr  luitulanl  condiliont.  and  (61  tpplicalion  ol 
onargy  managamant  concapts  to  llighi  path  control  m tuibulaiyca 
For  indivtdual  btlta.  aac  N74  17721  through  N74- 17746 


N74-1772*  Mataoiological  Ollica.  BracknaR  (Ei>gltnd) 
TURSULCdCE  AT  MEDIUM  AND  HIOM  FUOHT  LEVELS 

k G Comtord  In  AGARD  Flight  in  Tu'bulanca  Nov  1873 
14  p rala  (For  avaiIcbilitY  aaa  N74-17720  09-021 

Tha  charananstica  of  aimotphanc  turb'-lanca  at  madium  and 
high  flight  lavalt  art  diacuatad  Emphasia  la  pitctd  on  raaaarch 
on  turbulanca  m claar  an  sway  from  mountaini  and  local  KOrmi 
and  in  daar  tir  naar  tiorm  lops  Eilimjtaa  on  tha  likalihood  ol 
ancounianng  clouo  and  precipitation  at  tha  cruiamg  levels  ol 
tupaiaonic  transport  aircrah  Numerical  loracaarmg  lachniquaa 
lor  atrrotphanc  turbultnce  ara  leporiad  Author 


N74- 17722*  National  Aaronautici  and  Spaca  Adminitirttion 
Marahall  Spaca  Flight  Ontai.  Huniiville.  Ala 

PROBLEMS  IN  THE  SIMULATION  OF  ATMOSPHERIC 
SOUNOARV  LAVER  FLO  WS 

Gaoiga  H fichti  In  AG.AHO  Flight  in  Turbulanca  Nov  1973 
14  p loH  (For  availability  saa  N74-17720  09-02) 

Tha  raaliatic  aimulation  ol  How  in  tlia  atmospheric  bourtdaiy 
layara  at  haightt  graaiar  than  two  kilomatera  la  diacutaad 
Inlotmation  corvcaming  honiontaMy  homoganaout  and  ittnaiicaily 
atalionaiv  atmoaphaiic  boundary  laye'  flows  it  praaonttd  Tha 
pioblama  ra)atad  to  i)>a  ir>coi£iorst>on  of  tha  information  into 
aimoapheric  wind  aimulation  piograma  ara  tnalyrad  Tha 
information  which  the  meiaorologisi  mutt  acguire  m oidar  to 
provirla  a baaia  for  improving  lha  aimulation  of  aimosphenc 
boundary  Row*  it  aaplainad  Author 


N74-17723  National  Aeronautical  Eitibliahm ant.  Ottawa 
lOrnai'Ol  Flight  Raaaarch  Lab 

TURBULENCE  AND  MEBOSCALF  HORIZONTAL  TEMPERA- 
TURE ORADIENTB  IN  THE  LOVVER  BTRATOBPHERE 

Ian  MacPharson  In  AGARD  Flight  in  Turbulence  Nov  1973 
16  p raft  (For  availability  sea  N74- 17720  09-02) 

Data  are  praaantad  on  iFia  fraquencies  of  occurrence  of 
lurbufarK#  and  aignilicint  horizontal  tamparaiura  gradiantv  a)ong 
with  thair  dapartdarKa  on  iltituda  saaaon.  underlying  lairtm. 
geographical  lo-,ation.  and  lal  siraam  poailion  Thaaa  faetora  ara 
impodam  both  m lha  loracaal  problem  and  in  tha  comparison 
of  Ihoaa  rasui’t  wnh  ihoss  of  other  observing  programs 
Specific  aaampiv:  ur  ancrunisrs  with  aimoaphonc  tuibularKS 
dunng  lha  courso  ol  a rater  rch  proiact  on  atmoaphaiic  inalability 
are  providad  Authoi 


N74-17724  Tannataaa  Univ  Space  Inal.  Tullahoma 
REVIEW  OF  DATA  AND  PREDICTION  TECHNIQUES  FOR 
WIMD  PROFILfS  AROUND  MANMADE  SURFACE  OS 
STRUCTIONS 

Fro$l  Iri  AGARO  FiigM  in  Turbulence  Nov  )973 
10  p r®f»  (For  aveiiabililv  *«•  N74  17720  09  02) 

(Contract  NAS8  27387) 

A raviaw  of  axperimer^tai  data  and  analytical  rrHxiale  relitad 
to  flow  over  bluff  obstacles  o presented  to  provide  a survey  of 
baf>c  flow  theory  available  to  analyte  8irr>otpharic  wind  pattama 
arvd  man-made  surface  obstructions  Primary  emphasis  »a  placed 
on  the  distortion  of  shear  flows  approaching  arvj  passing  over 
buildings  cr  bluff  surfaces  such  as  fences  or  stepa  The  vanout 
physical  phenomena  of  pressure  and  velCKity  variation  m the 
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Mpanttd  ftow  r«gion»  surrounding  tho  oody.  volocitv  profilot  in 
tht  ditplscod  flow  ovtr  the  body.  «nd  the  origin  end  docey  of 
induced  turbulence  elong  the  boundenet  of  the  eepereted  regiont 
ere  described  Author 

N74-17726  Oelft  Univ  of  Techootogv  (Netnerlends)  Oept  of 
Aeroneuticel  Engineenng 

^HOQIIISt  IN  THE  MATHEMATICAL  MODEIUNO  OF 
FUQHT  IN  TURBULENCE 

0 H Gedech.  G a J VendeMoeedijii.  end  J C VenderVeert 
In  AGARO  Flight  m lurtulerKe  Nov.  1973  38  p refs  IFor 
evedebilftv  tee  N74- 17720  09  02) 

Problemt  of  me  the  met  ice  I modeiiir^  of  eircreft  flight  in 
turbulence  ere  diecuseed  The  timuletion  of  flight  m the  lower 
eimoephere  dunng  the  epproech  end  lending  portions  of  the 
flight  ere  emphesized  The  ditcrepency  between  the  usuei  Geusnen 
repretentetion  of  atmospheric  turbulence  end  the  ectuel 
non-Geuttien  etmosphere  is  erwiyzed  A perimeter  i$  introduced 
to  cherscterize  the  ectuel  turbulence  sensed  by  the  piSot  A method 
IS  presented  for  finding  the  rsnge  of  sUitudes  «*  which  the  most 
eignihcsnt  disturbences  are  encountered  during  the  sporosch 

Author 

N74-17728  British  Overseas  Airways  Corp . London  lEnglsnd) 
BOAC  EXPERIENCE  WITH  TURBUUNCE 
Ernest  Chambers  in  AGARO  Flight  in  Turbulence  Nov  1973 
13  p (For  avsilabMitv  see  N74-17720  09-02) 

The  effectiveness  of  airborne  radar  m giving  adequate 
warning  of  convective  turbulence  m clouds  is  discussed  Some 
er^ounters  with  turbulerKe  m clear  air  are  described  ar>d  matters 
relating  to  the  forecasting,  reporting,  end  dissemination  of 
turbulence  occurertce  ere  presented  The  development  of  sn 
itrborrw  dear  sir  turbulence  detector  is  recommended  and  the 
pedormsrwe  requirements  of  the  detector  ere  developed.  Problems 
with  low  levet  wirxi  shear  are  eiso  esemmed  Author 

N74- 17727  Deutsche  Lufthansa  AMiengesstlschaft,  Frankfurt 
•m  Mein  (West  Gsrmany)  Mnteorological  Oept 
AN  AIRUNE'8  EXPERIENCE  ON  TURBUUNCE 
Hetfu  Oreyling  In  AGARO  Flight  m Turbulence  Nov  1973 
7 p (For  availability  see  N74- 17720  09-02) 

A compiietion  of  the  replies  of  aidme  pilots  to  a questionnaire 
on  different  areas  concerned  with  etrnospheric  turbulence  is 
presented  An  assessment  is  made  on  flight  times  m turbulence 
strength  and  type  of  turbulence,  and  the  potential  effect  of 
turbulerice  on  eirtine  operations  Specific  geographical  areas  as 
well  as  airports  with  specific  turbulence  encounters  ere  listed 
and  potential  energy  sources  are  mentioned  The  turbulence 
penetration  speed  is  discussed  as  well  as  means  to  evo»d  turbulent 
encour^ers  or  to  alleviate  turbulent  conditions  through  air  traffir: 
control,  meteorological  reports,  or  pilot  experierKe  Author 

N74-1772B  Royal  Aircraft  Establishment.  Farnborough  (Er>gi 
and) 

INFLUENCE  OF  PILOT  AND  AIRCRAFT  CHARACTER1BTIC8 
ON  BTRUCtURAL  LOADS  IN  OPERATIONAL  FUGHT 
J R Sturgeon  In  AGARO  Flight  in  Turbulence  Nov  1973 
24  p reft  Presented  at  the  3Sth  Meeting  of  the  Struct  and 
Mater  Parcel.  Toulouse.  France.  2^  29  Sep  1972  (For  availtbiitty 
see  N74-17720  09  02) 

(AGARO-608) 

Some  aircraft  handling  problems  met  in  operational  conditions 
are  described  and  compered  with  flight  test  conditions  It  is 
concluded  that  errors  in  flight  instrumentation  sod  physiological 
cues  have  a substantial  influence  on  control  capability  A procedure 
for  minimizir>g  structural  loads  and  aerodynamic  problams  >n  all 
flight  conditions  is  proposed  The  procedure  wiM  restore  to  the 
pilot  srKl  to  the  autopilot  controlled  flying  the  positive  stability 
m pitch  and  yaw  which  *s  required  for  aircraft  operating  m the 
stick  free  mode  Proposals  are  made  for  improving  the 
requirements  uf  flight  iiislruniei>l!i  to  reduce  cuntiul  piublerns 
during  complex  maneuvers  and  flight  in  severe  wind  shear 
conditions  Author 

N74-17729  British  Aircraft  Corp  Warton  (England)  Military 
Aircraft  Oiv 

AIRCRAFT  RESPONSE  TO  TURBULENCE  CREW  COMFORT 


ABBEBBMENTB  using  POWER  BPECTRAL  DENSITY 
METHODS 

Bnen  Young  In  AGARO  Flight  m Turbulence  Nov  1973  9 p 
refs  (For  avsilabilitY  see  N74- 17720  09  02) 

The  effects  of  atmospheric  turbulence  on  the  efficiency  of  e 
flight  crew  are  analyzed  The  factors  are  identified  as  (1) 
eimospi  enr^  turbularKe  levelf.  (2)  the  characteristics  of  the  aircraft 
in  responding  to  turbulence,  including  the  effects  of  structursi 
modes,  end  (3)  the  tolerance  of  Ihe  crew  to  the  level  and  duration 
of  vibreiior^  at  the  crew  station  The  use  of  powe'  spectral 
density  techniques  for  assessing  craw  nde  comfoa  is  explained 
In  addition  to  defining  ai.eraft  response  in  both  veriicel  and 
lateral  turbuleitce.  it  is  possible  to  include  the  effects  of  structural 
nnodet.  assess  the  effects  of  autostabilization.  snd  include  crew 
proficisncy  degradation  as  a parameter  ir>  operational  “rudies 

Author 

N74- 17730  Bodenseewert  Geraeietechnik  G m b.H  , Ueberlingen 
(West  Germany) 

THE  EFFECT  OF  OUSTS  AND  WIND  SHEAR  FOR 
AUTOMATIC  8TOL  APPROACH  AND  LANDING 
Gunther  Schaenzer  In  AGARD  Flight  in  Turbulence  Nov 
1973  1/  p refs  (For  availability  see  N74-17720  09-02) 

The  characteristics  of  a Right  control  system  for  short  takeoff 
aircraft  are  discussed  The  system  is  used  during  steep  arvS  curved 
approaches  The  system  was  simulated  and  Right  tested  during 
more  than  SOO  automatic  STOL  approaches  and  landings  The 
effects  of  gusts  and  wind  shear,  especially  at  extremely  low 
indicated  airspeeds  during  approach  and  Rare  with  reapect  to 
the  pitot  s workloads,  passenger  comfort,  thro'tle  activity,  angle 
of  attack  measurement,  and  precision  in  approach  and  lartding 
•re  analyzed  Author 

N74-17731  Transportation  Systems  Center.  Cambridge.  Meta 
THE  DETECTION  OF  AIRCRAFT  WAAE  VORTICES 
Ralph  0 Kodis  In  AGARD  Flight  m Turbulence  Nov  1973 
9 p refs  (For  availability  see  N74-17  720  09-02) 

The  hazards  created  bv  the  trailing  vortices  deposited  m the 
wekes  of  heavy  let  aircrah  a*  ’^  discussed  in  the  terminal  area 
thia  hazard  leads  to  longer  separation  standards  and  reduced 
runway  capacity  In  order  to  shorten  the  required  separations 
without  compromising  safety  it  is  necessary  to  be  able  to  delect 
the  presence  and  rnoiion  of  vortices  in  regions  where  they 
constitute  a threat  The  sensing  techniques  that  have  been 
developed  are  reported  The  characteristics  of  acoustic  and  wind 
presauMi  sensors  lor  detecting  vortices  are  described  Author 

N74-17732  Federal  Aviaiion  Administration.  Washington.  D C 
Office  of  Systems  Engineering  Managemer>t 
WAKE  VORTEX  AVOIDANCE  SYSTEM  PROGRAM  (WVAS) 
Lawrence  Langweil  In  AGARD  Flight  m Turbulence  Nov 
1973  9 p refs  (For  availability  see  17720  09-02) 

A wake  vonex  avoidance  system  (WVAS)  program  is 
described  The  objective  of  the  program  is  lo  design  and  implement 
e ground  based  monitoring  and  predictive  systerri  at  airports 
which  will  increase  runway  capacity  by  eliminating  the  need  for 
larger  separations  between  aircraft  for  safety  from  wake  vortices 
The  prograrn  consists  of  three  major  tasks  ( 1 ) sensor  development. 

(2)  vortex  behavior  characterization  and  hazard  definition  and 

(3)  integration  of  these  laska  into  an  overall  sysiam  design  The 

meteorological  factors  which  affect  «he  performance  of  the 
proposed  system  are  analyzed  Author 

N74-17733*  National  Aeronautics  and  Space  Administration 
Langley  Research  Center,  (jngley  Station.  Va 

VORTEX  WAKE  RESEARCH 

John  A Zelovcik  and  H Ean  Dunham  Jr  In  AGARD  Flight  ii. 
Turbulence  Nov  1973  14  p refs  (For  availabilny  see  N74- 1 7720 
09  0 •) 

NAS.4  investigations  of  aircraft  trailing  vonices  are  reviewed 
Results  obtained  in  Might  on  vortex  chsfacieristics.  such  as  decay 
of  maximum  velocity  and  vortex  drift,  are  presented  fc  d'S’ences 
behind  a generating  C 5 aircraft  from  0 6 to  13  0 naui»i.ai  niies 
The  lateral  control  activity  of  a CV  990  aircraft  probing  thd  wortices 
qenarated  by  the  C 5 aircraft  is  illustrated  a d trie  effect  of  the 
C-6  eircreh  configuration  on  this  activity  i'.  indicated  Results 
are  presented  Rom  near-field  and  far  field  studies  of  accelerated 
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voflii  diM4p«tion  through  uM  of  venous  dovicM  ftuch 
m«n  ofoction.  tpo<l«ri.  vodoi  gonoraiort.  «nd  trailing  drag 
davicaa  Author 

N74-17734  Aaronautical  Ptaaarch  Ataociatas  of  Phry:«ton.  IrK  . 
NJ 

ON  TUAeULCNCC  ENVIRONMENT  AND  DERIQN 
CRITERIA 

John  C Houbolt  M ACARO  Flight  m Turbultoca  Nov  1973 
15  0 rjfa  (For  availabilitv  aaa  N74- 17720  09-021 

Aircraft  dotigrt  criteria  baaad  on  the  affacta  of  atrr>o$pharic 
iurt«ifar>ca  are  dtacuuad  Emphaait  it  placad  on  tha  powar  tpactral 
tachniquaa.  but  aquivalancat  to  iha  ditcrata*guat  procadura  ara 
shown  Cor>tidartlK>n  it  given  to  large  datign  loads,  such  at 
limit  load  and  to  rtpaatad  loads  which  affact  structural  fatigi*a 
Mathematical  models  ara  provided  to  illustrate  the  gust  design 
approaches  and  the  baste  spectral  procedure  Author 

N74-1773C  NATO  MRCA  Oavalopment  and  Production 
Managamam  Agency.  Munich  (Watt  Germany) 

DEtlON  PROBLEMS  OF  MILITARY  AIRCRAFT  A6 
AFFECTED  BY  TURBULENCE 

M HacUinger  In  AGARO  Flight  in  Turbuler>ca  1973 

9 p ref  (For  availability  sea  N74- 17720  09-02) 

Tha  influervea  or  atmospheric  turbulence  on  the  design  ^f 
military  aircrth  is  analyzed  The  subject  is  treated  m two  mam 
categories  (1)  turbulence  at  a sizmg  factor  m itself  which 
determir>af  static  and  fatigue  strength  of  major  pans  of  low 
load  factor  aircrah  aruJ  (2)  turbulence  as  an  important  design 
parameter  of  high  load  factor  aircraft  where  siabilMV  of  the 
augmented  aircrah  m manual  or  automatic  terrain  following  flight, 
pilot  fjroficiancy  under  vibration,  and  the  attitude  accuracy  of 
the  aircraft  at  o waapont  platform  become  important  Tha  probtvm 
Of  datigrting  for  proper  flight  quaittias  in  high  speed  tactical 
fighter  missions  is  descrihad  with  emphasis  on  analylM  prediction 
of  p«k>c  task  proficiancy  under  the  vibration  environrr.ent  created 
by  airframe  and  flight  cor>trol  system  characteristics  Author 

N74- 17736  Maaaerschmitt  Boelkow  GmbH,  Ottobrunn  (West 

Oarmar^y) 

INFLUENCE  OF  TURBULENCE  ON  HELICOPTER  0E6I0N 
AND  OPERATION 

G Ratchari  ar>d  V Rade  In  AGARO  Flight  m Turbulence 
Nov  1973  16  p refs  (For  availability  see  N74-17720  09  02) 
Tha  sensitivity  of  the  helicopter  to  atmospheric  turbulence 
bacauta  of  the  relatively  low  disc  toodmg  ts  discussed  Tha 
influancesofothar  parameters  such  as  rotor  stiffness  and  damping 
ara  analyzed  The  affects  of  these  influeovos  on  different 
helicopters  are  compai.  ! The  mam  design  problems  of  meeting 
operatiorial  and  certification  requirements  and  methods  for 
improving  the  performance  of  helicopters  ere  exemmed  Author 

N74-17737  De  HaviHand  Airurafi  Co.  Lid.  Oownsview 
(Omano) 

data  REQUIREMENTS  ON  TURBULENCE  IN  THE  EARTH  8 
ATMOSPHERIC  SHEAR  LAYER  FOR  8TOL  DESIGN 
CRITERIA 

J J Glaser  In  AGARO  Flight  m Turbulence  Nov  1973  8 o 
refs  (For  availabihtv  see  N74- 17720  09-02) 

The  factors  which  effect  the  airworthiness  of  short  takeoff 
aircraft,  especially  during  (he  landing  and  takeoff  phase  of  the 
opereiion  Atmospheov  turbulence  is  one  of  the  most  important 
factors  affecting  aircraft  behavior  at  low  altitudes  and  its 
description  m (errri$  of  a realistic  model  is  an  essential  step  m 
the  design,  certification,  and  operation  of  STOL  aircraft  A study 
to  devise  a low  altitude  gust  model  and  to  determine  (he  relative 
importance  of  (he  gust  model  parameters  ot  the  responses  of 
typical  STOL  aircraft  was  conducted  The  significant  features  of 
the  DHC-3  aircraft  which  was  used  .n  the  test  are  analyzed 

Author 

N74  17738  Klawker  Siddeley  Aviation  Ltd  Hatfield  (England) 
EXPERIENCE  WITH  A LOW  ALTITUDE  TURBULENCE 
MODEL  FOR  AUTOLAND  CERTIFICATION 
R M P McManus  In  AGARD  Flight  in  Turbulence  Nov 


1973  8 p ref  (For  avaiiabtlity  see  N74- 17720  09-02) 

The  effects  of  atmospheric  turbulence  on  the  autoiand  system 
of  the  Tndent  aircraft  ara  discussed  The  aircraft  was  matrurnented 
to  obtain  three  exis  gust  time  histones  for  each  iandirig  made 
From  these  time  histones  a gust  model  was  built  up  and  was 
uaad  for  the  mitiai  caaification  of  tha  automatic  landing  system 
Tha  rasutts  obtained  with  tha  gust  modal  are  compared  with 
the  statistical  analysis  of  flight  test  data  to  detarmme  tha  degraa 
of  correlation  Author 

N74-17739  British  Aircraft  Corp  . Waybridge  (Englsr>d) 
Commercial  Aircraft  Div 

structural  LOADS  AND  OUST  CRITERIA 

DON  Jarnea  m AG  \R0  Flight  m Turbulence  Nov  1973 

'.3  p refs  (For  availability  see  N74- 17720  09-02) 

The  effects  of  atmospheric  turbulence  on  aircraft  design  criteria 
ere  analyzed  The  discrete  gust  methods  are  compared  with  the 
power  spectral  density  methods  to  determine  the  degree  of 
epplicaiion  to  aircraft  gust  load  problems  The  application  of 
continuous  turbulence  design  procedure  was  investigated  Misaion 
analysis  results  are  shown  to  oc  very  sensiiiva  to  the  assumed 
operating  technique  Grap>^.  of  specific  aircraft  design  envelope 
limit  loads  agamst  the  discre^-  gust  toad  limit  are  provided 

Author 

N74-17740  Royal  Netherlands  Aircraft  Factories  Fokkar. 
Amsterdam 

RATIONAL  CALCULATION  OF  DESIGN  GUST  LOADS  IN 
RELATION  TO  PRESENT  AND  PROPOSED 
AIRWORTHINESS  REQUIREMENTS 

J Yff  M AGARO  Flight  m Turbulence  Nov  1973  1 1 p refs 

(For  bvailabil.ty  see  N74- 17720  09-02) 

An  analysis  of  accurately  calculated  gust  toads  for  three 
short  haul  aircraft  was  conducted  The  results  are  applied  to 
the  following  conditions  ( 1 ) con.panson  of  power  spsctral  denatty 
and  discrete  gust  methods  (2)  comparison  of  power  spectral 
density  mission  ahsiysis  and  design  envelope  results  (3) 
comparison  of  power  Spectral  density  results  foi  verical  and 
latarai  gusts  and  (4)  a study  of  the  specific  problems  of  T-tail 
configurations  Graphs  of  load  conditions  for  various  aircraft 
components  are  provided  Author 

N74-17741  British  Aircraft  Corp,  Warton  (England)  Military 
Aircraft  Oiv 

C8AS  DESIGN  FOR  GOOD  HANDLING  IN 

TURBULENCE 

A G Barnes  In  AGARD  Flight  in  Turbulence  Nov  1973 
14  p refs  (For  .1.  T iiy  see  N74- 17720  09-021 

The  desigi  :ives  for  aircraft  coiiirol  and  stability 

augmentation  systerns  are  discussed  with  respect  to  the  effects 
of  atmospheric  turbulence  The  subjects  presented  include  the 
*oi?owmg  (tj  han^i,f»g  q<j3!:'!es  requifements  for  fhght  ■*> 
turbulence.  (2)  performen:e  of  unaugmented  aircraft  m 
turbulence  (3)  performance  of  augmented  ai'C'ah  m turbulence 
and  (4j  approaches  to  stabiliiy  augmentation  systems 
devetopmem  Specific  emphasis  is  placed  on  the  aircraft 
parameters  of  planform  excitation  derivatives,  control  powar 
and  aircraft  size  Author 

N74- 17742*  National  Aeronautics  ar>d  Space  Administration 
Langley  Research  Ce-  ter.  Langley  Station  Va 

theoretical  HORIZONTAL  TAIL  LOADS  AND 
ASSOCIATED  AIRCRAFT  RESPONSES  OF  AN 
AUTOPILOT  CONTROLLED  JET  TRANSPORT  FLYING  IN 
TURBULENCE 

8oyd  Perry.  Ill  and  Kermit  G Pratt  /n  AGARD  Flight  in  Turbulence 
Nov  1973  R p refs  IFor  availobility  see  N74  17720  09-02) 
An  exploratory  anaivtical  study  was  conducted  to  analyze 
problem  areas  associate  with  a rigid  aircraft  controlled  by  a 
Simple  autopilot  The  dircreft  motion  is  consiiamed  to  the 
longitudinal  phuROid  and  short  perior)  modes  Ttie  autopilot 
characteristics  are  described  The  ar^diyiir  ai  procedu-c  is  explained 
and  stabilizer  loads  logeihe'  with  sf  me  aircraft  motions  es 
functions  of  autopilot  gams  within  (h.>  «;iab'l)tv  boundaries  are 
determined  The  effects  of  cente*  oi  ■.••.'Viiv  location  and  altitude 

are  considered  Authfir 
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N74-17743  l^oyal  Aircraft  Establishment.  Famborough  (England) 
AvtOi>ica  Dept. 

THE  OEtlON  OF  AUTOMATIC  FUGHT  CONTROL  SYSTEMS 
TO  REDUCE  THE  EFFECTS  OF  ATMOSPHERIC 
DISTURBANCES 

M J Corbin  ar>d  K F Goddard  AGARO  Flight  m Turbulence 
Now  1973  16  p refs  (For  availabilitv  see  N74-17720  09-02) 
The  design  of  two  experimental  automatic  flight  control 
B^stema  for  the  6AC  1 1 1 aircraft  is  described  One  system  used 
throttle  ar>d  elevator  controls  and  the  othe*  usai  m addition, 
direct  lift  control  by  means  of  spoilers  The  landing  performance 
of  the  systems  it  compered  with  conventional  automatic  landing 
systems  It  IS  stated  that  discrete  t«usts  experienced  at  heights 
helow  15  meters  can  produce  large  touchdown  errors  exceeding 
the  cepsbility  of  the  autnoiiot  contro!  Author 
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Esiablishrr.eni.  Bedford  (England) 

f'  MAGEMENT  CONCEPTS  TO 
TURBULENCE 

■ qhi  in  Turbulence  Nov  1973 
,.;a  74  17720  09  02) 

s of  ji'  . .e  on  aircraft  flight  path  control 
^ :utiine  IS  piesented  of  a strategy  fo>  the  control 
id  '(ight  path  of  an  aircraft  based  on  the  use  o( 
jntrol  total  energy  error,  consisting  of  a kinetic 
:aied  with  airspeed  and  a potential  component 
•r' I and  th3  elevator  used  to  distribute  the 
rspeed  and  height  in  an  optimum  manner 
. .he  flight  path  control  m a landing  approach 
. /e.ts  of  an  aircraft  subiecied  to  large  gust 
are  also  considered  Author 


N74  17745  Office  Natio.na!  d'Etudes  8!  de  Reche'ches 
Aerospatieles  Paris  (France) 

A NEW  APPROACH  TO  GUST  ALLEVIATION  OF  A FLEXIBLE 
AIRCRAFT  USING  AN  OPEN  LOOP  DEVICE 
Pierre-Marie  Hutm  In  AGARO  Fliglit  m Turbulence  Nov  1973 
9 p ref  In  french  ENGLISH  Simmary  (For  availability  see 
N74  17720  09  02) 

The  application  of  optimijeiion  techniques  for  the  purpose 
of  gust  alleviation  is  discussed  The  basic  approach  is  an  extension 
of  the  Wiener's  opfimizai'on  theory  to  two  control  parameters 
and  the  application  to  the  Caravelie  aircraft  A comparison  is 
made  between  the  theoretical  responses  to  a Gaussian  stationary 
excitation  end  itie  responses  to  actual  records  of  turbulence 
given  ty  an  analong  computer  lakmg  mto  account  the 
nonlinearities  due  to  limited  efficiency  of  the  controls  Author 


N74-17746  Royal  Airc'ah  Establishment  Bedford  (England) 
SOME  COMMENTS  ON  METHODS  OF  AVOIDING  THE 
EFFECTS  OF  TURBULENCE 

A MePhert-on  In  AGARO  Flight  m Turbulence  Nov  1973 
lip  refs  (For  availability  see  N74  17720  09  02) 

The  characteristics  of  airborne  detectors  for  warning  of  the 
presence  of  dear  air  turbulence  are  discussed  The  turbulence 
problem  and  the  effects  of  atmospheric  turbulence  on  aircraft 
performance  d'e  analyzed  The  specific  apphcatiins  of  infrared 
radiometer  and  Ooppier  hdar  techniques  are  explained  Author 


M74-19662/)f  Advisory  Group  for  Aerospace  Research  end 
Development.  Pens  (Fierce) 
design  AQA!NST  FATIGUE 

Dec  1973  122  p refs  Presented  at  the  37th  Meetmg  oi  the 

Structures  and  Mater  Penel  at  the  Hague.  Netherlands.  7-12  Oct 
1973 

(AQARO-CP  141)  Aveil  NTIS  HC  $9  25 

Papers  pieserifwi  AT  the  conference  on  desiqninq  a<rcrefl 
against  fatigue  ire  repo<ied  Fatigue  analysts  and  tests  for  fignter 
aircraft  b'9  emphasized  For  individual  titles,  see  N74-I9t'53 
through  N74  19660 

N74-19653  British  Aircrah  Corp  Preston  lEnglandl 

SOME  CONSIDERATIONS  OF  THE  INFLUENCE  OF 
FATIGUE  IN  THE  DESIGN  OF  STRIKE  AIRCRAFT 


A N Rhodes  M AGARD  Oaeign  Agemsi  Fatigue  Dec  1973 
17  p (For  eveilabiltty  see  N74- 19652  1 1 02) 

Afief  summarizing  soma  of  (he  factors  which  charactenze 
atnka  aircraft  wrth  ragard  to  thair  fatigua  design,  the  types  of 
axtamal  loading  to  which  it  will  be  subjactad  m service  are 
cona^rod  A consideration  is  also  given  to  some  of  the  factors 
which  loSuerKa  the  choice  of  materials,  aircraft  layout  and 
daaign  Qualihcaiion  of  the  finished  product  la  discussed,  as  ara 
some  of  the  tachmquaa  m monitoring  sarvica  usage  Problam 
smaa  are  highlighted.  Author 

N74-1SSS4  Induatriaanlagen-Batriebsgasallschaft  m.b.H., 
Onobrunn  (West  Germany) 

FATIGUE  OEtIQN  PRACTICE 

K Ahrsnsdorf  M AGARD  Design  Against  Fatigue  Dec.  1973 
1$  p refs  (For  eveilebiliiy  see  N74- 19652  1 1-02) 

To  define  missions  lor  fatigua  analysis,  mission  breakdown 
er>d  to  sfiimata  load  spectra  for  combat  or  tacitcal  aircraft  a 
high  degree  of  guesttimetir^  is  necassery  Available  date  as  to 
oparetionel  misston  er>d  load  spectre  during  aircraft  develop- 
ment diffe>  greatly,  on  the  other  har>d  these  estimated  date 
have  a considerable  influence  on  atreraft  design  For  this  reason 
the  aircraft  design  shall  oa  m such  a way  that  mspectiona  in 
crrticel  regions  are  possible  snd  crack  propagation  is  rv>ncriticel 
between  inspection  miervels  In  sdditior>.  on  ell  Rymg  aircraft 
eg  ' eccaiaration  messurerr'.ants  era  necessary.  Liesides  the  results 
of  full  scale  fatigue  tests,  to  have  available  the  complete 
information  for  individual  life  control  of  flying  aircraft  Some 
aspects  of  the  whole  fst>gue  integnb-  progrem  are  discussed 

Author 


N74-19SB5  McDonnell  Aircraft  Co.  St  Louis.  Mo 

STRUCTURAL  FATIGUE  ANALYSIS  AND  TESTING  FOR 
FIGHTER  AIRCRAFT 

I F Impellizzen  In  AGARD  Design  Against  Fatigue  Dec 
1973  12  p reft  (For  eveilabilitv  see  N74-196S2  11-02) 

The  design  of  fstigus  renttani  structure  iricludes  e combir>e- 
tion  of  fatigue  testing  analysis  A review  of  the  structural  design 
and  developmani  programs  of  the  F-4  and  F-15  aircraft  highlights 
their  spectrum  fatigue  testing  and  mdicaist  that  these  tests  ere 
etseniiei  m providing  e saiisfectory  level  of  structural  integrity. 
An  existing  procedure  is  discussed  which  utilizes  Neuber's  rult 
and  e cyclicly  decaying  residual  stress  function  to  continusHy 
track  notch  root  tifess-sirain  patterns  The  technique  wei 
developed  particularly  to  predict  life  for  fatigue  spectre  with  either 
s constant  minimum  stress  or  3 consteni  mean  stress  A 
modification  of  the  technique  is  presented  which  simptifiee  its 
sppticebility  for  fetiQue  spectre  with  variable  minimum  ar>d/or 
mean  stresse  This  also  includes  vensbia  stress  ratios  Lift 
prsdictions  using  the  modified  technique  ere  compered  with 
spectrum  test  results  on  7075-T6  aluminum  and  6AI-4V  titanium 
An  example  is  presented  ol  crack  initiation  end  crack  growth 
caused  by  ou*-of-plene  beridtng  m a fighter  airplane  upper  wing 
skm  The  local  sirjcturei  detail  is  analyzed  Fatigue  anetyaia  m 
terma  of  crack  propagation  is  performed  based  on  the  reskfual 
tension  predicted  by  the  elestic-ptaitic  computer  program  as  the 
creek  exter>ds  Calculated  crack  growth  rates  ere  compered  with 
electron  miscroscope  photographs  of  the  upper  wmg  skin  fracture 
surface  showing  stnstion  speemgs  Author 

N74'19S56  Grumman  Aerospace  Corp.  Bethpsge.  N Y 
FATIGUE  AND  FRACTURE  CONSIDERATIONS  FOR 
TACTICAL  AIRCRAFT 

I G Hedrick.  L 6 Wehls.  end  P D Bell  In  AGARO  Design 
Against  Fetigus  (date)  1$  p refs  (For  eveilsbility  see  N74-19662 

n-02) 

A review  of  some  of  the  practical  aspects  of  designing  sgeiost 
fatigue  it  presented  An  outline  is  included  of  the  latest  fetigus 
analysis  method  used  at  Grumman  and  a discussion  of  some  of 
the  more  interesting  fatigue  problems  encountered  m the  evolut:on 
of  several  Grumman  aircraft  Some  new  technological  davelop- 
ments  are  discussed  including  the  F-14  electron  beam  welded 
titanium  wmg  carry  through  box  The  capabilities  of  some  special 
Grumman  inspection  tech  .iques  to  improve  quality  are  rev- 
iewed Author 
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N74-1M67  lndutu*««nlaQtn-80tri«b«O«s«lltchtft  m b H . 
Ottobfunn  (Wmi  G0rm«nv) 

PULL  tCAU  FATIGUE  REQUIflEMENTS  FOR  RATIONAL 
FATIGUE  UFE  PREOICTlON 

H J Zoch«r  M AGARO  Omiqo  Agatf^st  ^ai»gu«  Oac  1973 

14  p r«fB  (For  availabtl^  N74- 19652  1 1 02) 

Attar  diacutting  « suitable  fatigua  hfa  evaluation  and 
cartrAcation  procadura.  toma  raquiramanta  ar«  apacitiad  lor  full 
acala  fairgua  taating  tachnk)u«$  which  should  ba  maAdatory  for 
future  fatigua  life  aubstantialion  Test  raauKs  obtainad  from  two 
full  acala  fatigua  teats  utilnirtg  different  testing  procedures  are 
compared  to  sarvica  failures  The  fatigue  lest  which  used  tf«a 
proposed  improved  testirtg  tachrM'^ue  with  flight-bv*6ight  loading 
sequence  showed  much  better  results  which  were  m adequate 
‘■orrelaiion  with  service  axparianca  Author 

N74-19668  Royal  Aircraft  Establishment.  Farnborough  (England) 
Ut'uctures  Dept 

THE  ROU  OF  THE  MAJOR  FATIGUE  TEST  IN  THE 
ACCEPTANCE.  CERTIFICATION  AND  SAFE  UTIUSATION 
OF  STRIKE  AIRCRAFT 

R 0 J Maxwell  in  AGARO  Design  Against  Fatigue  Dec 
1973  8 p reft  (For  availebilih  see  N74  1S6S2  11  02) 

The  role  of  the  major  fatigue  test  m acceptance,  certification, 
end  safe  utilization  of  a strike  aircrah  is  examined  from  thv 
writir>g  of  the  aircraft  specification  to  the  monitoring  of  life 
consumption  m service  Attention  is  focussed  on  problems 
associated  with  defining  the  test  load  conditions  and  interpreting 
the  resuitt  in  terms  of  the  monitoring  system  used,  including 
the  use  of  ralevrni  flight  load  measurements  A summary  of 
the  problem  areas  and  suggested  minimum  standards  or  fatigue 
testing,  flight  measurement  arul  dissemmetion  of  .ne  information 
are  icKluded  Author 

N74*19669  National  Aero  and  Astronautical  Research  Inst. 
Amsterdam  (Netherlands) 

RE  ASSESSMENT  OF  FATIGUE  PERFORMANCE  OF 
FIGHTER  AIRCRAFT 

G M VanDijk  In  AGARO  Design  Against  Fatigue  Oac  1974 
19  p refs  (For  svailsbility  see  N74- 19652  11-02) 

Fatigue  monitoring  results  obtained  by  means  of  strain-gauge 
recordings  ars  scrupulously  compared  to  the  reference  ’i  scele 
fatigue  test  loading,  finally  yielding  a relative  fatigue  severity 
ir>dex  The  comparative  analyse  among  other  things  highlights 
the  impodance  of  ground  loads,  counting  methods  end  local 
platlicity  at  notch  roots  A complex  notch  stress-strain  history 
artalysis  >s  earned  out  assess  the  notch  root  stress  history 
and  residual  stresses  Finally,  a simplified  calculation  procedure 

15  suggested  to  account  for  notch  root  plasticity  and  residual 

stresses  This  simplified  enefysis  is  a sufficiently  accurate  substitute 
of  the  complex  r>otch  sirass  siiam  history  anaiysis  Author 

N74-19660  Societe  Nationale  Iridustrielle  Aerospat»ele.  Paris 
(France) 

OEflONERr  need  FOR  GENERAL  INFORMATION  FROM 
ANAlYSft  OF  FATIGUE  TEST  RESULTS  AND  SERVICE 
SEHAVIOR 

Williem  Barrois  In  AGARO  Design  Against  Fsiigue  Dec  1973 
13  p rtfs  (For  availability  see  N74- 19652  11-02) 

The  requirements  in  fatigue  assessment  for  designing 
eitcrefi  structures  ere  discussed  m terms  of  interpretative 
compu:ation.  a pnon  subjective  classification  of  fatigue  strength. 
sr>d  prediction  analysis  The  enslyses  of  fatigue  behavior  m tests 
end  rn  service,  and  the  standardization  of  test  loading  are  discussed 
along  with  interpretation  methods  of  fatigue  test  results,  end 
the  establishment  of  general  data  on  fat.gue  strength  F 0 $ 


N74-22634«  Advisory  Group  for  Aerospace  Research  and 
Development.  Pans  (Francei 

abbreviated  test  LANGUAGE  FOR  AVIONICS  SYS 
TEMS 

D A Green  Sep  1972  61  p refs 
(AGARD-LS-54)  Avail  NTiS  HCS6  25 


The  basic  concepts  of  ATLAS  and  a selection  of  son>#  of 
the  more  common  verbs  for  constructing  test  procedures  ere 
presented  The  overall  organization  is  described  of  an  ATlAS 
program  i e the  division  into  preamble  and  procedural  sections 
Followmg  this  the  general  structure  of  an  ATLAS  statement  is 
discussed  to  illustrate  the  general  layout  of  a statement  end  its 
internal  fields  The  fields  discussed  are  as  follows,  the  hied 
held  which  involves  the  flag,  statement  riumber  and  verb,  aryj 
the  variable  field  which  includes  the  measured  cherecterist»c. 
noun,  statement  characteristic,  and  the  evaluation  and  connection 
fields  It  IS  shown  ihat  the  organization  of  the  variable  field  is 
determined  by  the  verb  used  m the  fixed  held  Author 


X74-73600  Advisory  Group  for  Aerospace  Research  and 
Development  Pons  (France) 

PHYSICAL  VULNERABILITY  OF  AIRCRAFT.  VOLUME  1 

F O Orazio  Sep  1972  48  p 

lAGARD  AR  47  Voi  II  n«oori 

The  overall  utility  of  combat  aircraft  is  influenced  by  the 
ability  of  the  vehicle  to  absorb  damage  and  snli  complete  ns 
mission  and  C'  be  repaired  and  returned  to  service  rapid'v  The 
report  develops  analysis  techniques  by  which  this  characteristic 
of  the  aircraft  may  be  assessed  during  the  mmai  design  priases 
and  measured  Quantitatively  as  design  features  are  established 
The  report  also  summarizes  and  evaluates  the  techniques  which 
have  been  developed  to  reduce  the  physical  vulnerability  of 
aircraft 


X74-73501  Advisory  Group  lor  Aerospace  Research  and 
Oeveioomeni  Pans  (France) 

I>HYSICAL  VULNERABILITY  OF  AIRCRAFT,  VOLUME  2 
^ 0 Oiazio  May  1973  234  p 
• AGARO  AR  47  VoI  2» 

(^nfider^ttai  Report 

The  overall  utility  of  combat  aircraft  is  mliuenced  by  the 
ability  of  the  vehicle  to  absorb  damage  a-^d  still  complete  its 
mission  and- Of  be  repaired  anj  returned  to  service  rapidly  The 
ret>ofr  develops  analysis  lechni  jues  by  wh:rh  this  charartefisti' 
of  the  aircraft  may  be  assesserl  during  the  initial  design  phases 
and  pleasured  quaniitatively  as  design  leaiu'es 

This  study  was  conducted  m response  10  a -eaue'.l  from 
the  North  Atlonlic  Military  Committee  undei  the  Oianagement 
of  the  Aerospace  Apyhcatior^s  Studies  Committee 


X74  73502  Advisory  Group  for  Aeiospacc  Rcsearr-h  anri 
Oeveiopmen!  Pans  iF  arre* 

AIRCRAFT  VULNERABILITY  ANALYSIS.  VOLUME  3 

O Kardeis  May  1973  70  p 

lAGARD  AR  47  Voi  3-  Secret  Repun 

The  report  describes  3 detailed  computer  mooei  fo-’  a 
the  physical  vulnerabilily  of  an  aircraft  to  a variety  of  vsearons 
and  iDustiaies  the  use  of  the  rnodei  tjy  examples  by  evaluating 
three  weapon  types  20  30  and  3S  rnm  shells  against  tne  RF 
84E  aircraft  The  model  provides  sub  rouhnes  for  descfil.’inq  Ihe 
larriei  and  threat  evak  aimg  i)ie  effect  of  the  weapon  on  ilie 
components  of  the  aircrafi  and  assessiru)  the  impaci  of  damag*’ 
to  component  on  the  survivab'lily  of  Dir  aircraft  This  volume 
consi'iutes  an  appcrdu  to  AR  47  Voiomi.-  2 


<74  73506  Advisoiy  Group  for  Aerospace  R'-iCarth  and 

Oovtflrinrrtoni  P;tri«.  iFraiirpi 

LOW  ALTITUDE  FLIGHT  CONTROL  PROBLEMS 

Feb  197  1 2 74  p Presented  ai  Syrnp  of  |he  Guidani  e aru< 

Control  Panel  tjf  AGARD  Brussnls  1 3 Sep  1970 
;AGARD  CP  72* 

Cla-'Sihed  Reno" 

The  pa|>ers  ivesenlid  at  ihe  Guidance  and  Cynpoi  Panel 
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tpoofored  Symposium  on  Low  Aitituda  Flight  Control  Probloms 
hpid  It  NATO  Htadguinsrs.  Brussals.  Belgium  in  September 
1970  The  papers  address  the  problem  of  aircraft  flight  control 
conducted  at  high  speeds  at  very  low  altitude  and  in  all  weather 
environments  . 


X74-73607  Advisory  Group  for  Aerospece  Research  and 
Oevefepment  Pens  iFrence) 

MIUTARV  APPUCATIONS  OF  V/  STOL  AIRCRAFT.  VOLUME 
2 

Jun  1973  76  p Presented  et  41st  Meeting  of  the  Flight 

Mech  Panel  of  Agard.  Brussels.  23-25  Oct  1972 
lAGARO-CP  126Vol-2i 

Oassified  Report 

Five  papers  are  contained  in  this  Volume  of  the  Proceedings 
Two  Of  the  papers  are  related  to  th^'  development  and  service 
operation  of  the  'Harrier  V/STOL  tactical  aircraft  Another  paper 
describes  the  history  of  the  US/FRG  V/STOL  tactical  fighter 
program  The  last  two  papers  are  on  the  subiect  of  future 
requirements  for  V/STOL  a>rcraft 
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03  AUXILIARY  SYSTIMS 

lrKlud«f  fo«l  «r>«r9v  conversion  colit.  «nd  sdor  colli, 
•uiiiiory  gat  lurbints.  hydraulic  pnaumaiic  and  aiactncai 
tytiams.  aciuaton.  and  mvanars  For  ^aiaiod  information 
%—  al?>  09  Etaclror^ic  Equipmenl.  Nudaar  tngmeenng 
and  28  Prcpulsion 


K7S-18081I  Adviaory  Group  for  Aaroapaci  ftaaaarch  irtd 
0\«vofopm«m.  Pana  <Pranca) 

Tf  CHNiCAL  fVALUATIOM  RfPORT  ON  39TH  PROPULSION 
AND  CNIRQCTICS  PANEL  MEETINO  ON  CNCROETfCS  POR 
AIRCRAFT  AUXILIARY  POWER  SYSTEMS 

R H Johrtaon  lAFAPLI.  C E.  Obariy  (AFAPL).  and  R E Ouigiay 
Jr  (aFAPL)  Nov  1972  11  p rafa  Conf  hald  ai  Colorado 

SprifHR'  12*  16  Jun.  1972 
(A0.X.10  AR-60)  Avail:  NHS  HC  $3  00 

An  fvaluaik>n  of  a confararKa  to  diacuaa  currant  and  futura 
dwaloiymamt  n aircraft  alac'.ncai  and  auxiliary  powar  ayatami 
If  praa4)niad  Suoarconductrvity  pharvomana  as  rslatad  to  powar 
ganaration  ara  amphatuad  Tha  ar^t^cipatad  raquiramanta  impoaad 
on  wai^ht.  'iolumo.  artd  parformanca  of  auxiliary  powar  lyttamt 
which  ri'iuat  oparata  m a high  lamparatura  anvironmant  ara 
analyiad.  Author 


N73*1S030+  Adviaory  Group  fo<  Aarotpaca  Rasaarch  and 
Davalopmant.  Pant  Ifranca) 

ENERGETICS  FOR  AIRCRAFT  AUXILIARY  POWER  SYS 
TEMS 

A E Fuha.  ao  iNaval  Poatgraduaia  Scimo5/  Oac.  197*  3K  p 
raft  Mottty  m ENGLISH,  partly  m FRENCH  Proc.  oI  39th 
MMting  o^  tha  AGARO  Propult'on  and  Enargat'Ct  Panel  hald  at 
Colorado  fipringt.  12-lS  Jun  1972 
(AGARO  CP-104)  Avan  NTIS  MC$1775 

Tba  p ocaadingt  of  a conlaranca  on  t>e  uta  of  suparconduc- 
tivrtv  lachnofogy  for  alactncai  power  ge.iaration  m aircraft  and 
mratilat  are  praaantad.  Tha  advantagat  of  toparconductiwity  for 
powar  ganaration  ara  datcribad  The  Jubiactt  ditcussad  mciuda 
(1)  bahavior  of  compoula  suparcooducting  matar»«lt.  12) 
tuporco<^uciir>g  ganaratort  in  aifcrdft.  (3)  cryoganic  and 
inductrva  ar>argY  itoraga.  I4)  advanced  airborne  auxiliary  power 
tyatamt.  16)  extraction  of  auiiliary  powar  frorr.  air  braathing 
propultion  tyttamt.  (6)  alactncai  generation  and  dninbuiion 
tyatamt  for  tupartomc  aircraft,  and  17)  non  radiating  supercoriduC' 
ting  coila  for  anargy  itoraga  Lm«  drawing*,  diagramt,  chartt. 
tablat.  and  grapht  are  included  to  clarify  the  theoretical  atpacts 
For  ir»drviduat  litlei,  lae  N73-19031  through  N73-19057 

N737  9031  Supartechnology  Corp  . Boston,  Mass 
STASILITY  OF  A SUPERCONDUCTOR  AS  INFLUENCED  BY 
THE  SUBSTRATE 

Ahmad  Elbmdan  In  ACiARD  Enargetict  for  Aircraft  Auxiliary 
Powar  Syatams  Dec  1977  1 1 p rals  (For  avaiiabi'ity  tee 

N73  19030  10-03) 

Tha  affaett  of  tubttrstet  on  tha  itability  of  $ suparct  nductor 
ara  diacuaaad  Matel  clsddir>g  m tuperconductive  techr>oi>gv  hat 
reaultad  m improvad  reliability  m design  and  ulilitmg  of  critical 
currant  dantrtiae  as  ar>  almot!  operating  cond:  lo.v  The  roHage 
varmut  currarit  charactenttict  of  tupeiconduciort  are  ilijttrated 
A numarical  anaiysis  of  the  performance  Qf  mufti  filameni 
typ^rconduclort  i'*  presented  Several  conclusions  concerning  the 
electneel  properties  of  tbpvrconductors  arvj  the  effecit  of  venoui 
parameters  are  presented  P N F 

N73-19032  Warwick  Umv  Cov:’'‘.try  (England)  Oept  of 
Engmeeiirig 

the  behaviour  of  composite  SU.'^ERCONOUCTINQ 

f'ATcRiALS  UNDER  ac  CONDITIONS 

A,  R Eaaiharn  and  R G Rhodes  fn  AGARO  t..'*e.*9etics  for 
Aircraft  A^*xiliary  Power  Syitemt  Feb  1972  lip  'tfl  (For 
avaiiabrlrty  tee  N73- 19030  )0  03) 


AHemating  currant  loaa  mechanisms  m suparcooAictors  are 
dsaenbad  with  particular  tmphatit  on  tha  recently  davalopad 
comppsna  maianals  Aitemaung  transport  currant  lotaaa  of  a 
wide  range  of  commarciaffy  availabi  i supercooduciori  of  the  bare 
wire  and  multifilameni  composita  ypat  are  prasantad.  Tha 
behavior  in  coil  ar>d  cable  configurations  is  compsred.  artd  it  is 
shown  that  whan  lalf-fiald  effects  predominate,  imie  reduction 
in  ac  loss  results  from  usmg  multifilamant  composites  as  opposed 
to  bare  suparconducti.'ig  wire  Whan  trsnsvaraa  field  affects 
predominate,  a substantial  decrease  m loss  is  possible  with 
compoeiie  maiensls  The  affect  of  transposing  the  individual 
filamama  within  a composite  h«s  been  investigated,  ar>d  it  is 
shown  that  tha  ac  losi  can  be  reduced  for  a limited  range  of 
condilionx.  Material  requiramants  for  low  lost  conductors  are 
diseuxeao.  .kuthor 

N73-19033  Mai-Planck'lnsntut  fuar  Plasmaphysik.  Garching 
(West  Germany> 

iUE  OF  SUPERCONDUCTORS  FOR  PULSED  EXPERIMENTS 
IN  PLASMA  PHVSICC 

A P Martinalli  In  AGARD  Ertargatics  for  Aircraft  Auxiliary 
Power  Systems  Feb  1972  7 p refs  (For  availability  see 

N73-19030  10  G3\ 

Superconducting  magnetics  used  m plasma  experiments  ar>d 
as  an  essential  component  of  possible  future  thermonuclear 
reactors  are  discussed  Many  magnetic  configurations  for  plasma 
axpanmenis  and  fo'  reactors  as  wall  consist  of  a stationary 
magnetic  field  produced  by  a superconducting  magnet  lyttam 
on  wh— h a time  dependent  magnetic  field  n superposed  Examples 
ara  tha  sustained  field  configuration  m thata  pinch  expar'manta. 
stellarators  during  switcfimg  on  of  the  helical  field,  and  tokamoks 
and  stellarators  during  the  field  pulse  used  for  ohmic  heating  o' 
the  plasma  The  effect  of  pulsed  magnetic  fields  on  suparcondui 
ting  coiis  It  studied  in  a number  of  non-itabiliied  sirgie'Core 
and  multicore  current  carrying  Nb*Ti  supsrconductors  r>  ths  form 
ot  short  samples  %nf*  small  bifilar  or  inductive  cods  Expsnmsn- 
tel  results  and  calcufttion  methods  already  reponsd  are 
complemar)tad  and  extended  The  use  and  limitation  of  tupercon- 
ductors  n pulsed  magnetic  configurations  es  field  generating  or 
field  shielding  coils  are  reported  Author 

N73-19034  Union  Carbide  Corp.  Tarrytown.  NY  Unde  Drv. 
HlOH  FIELD  PLASMA  ARC  PLATED  Nb38n  8UPERCON 
DUCTING  SOLENOIDS 

R.  Aliar  Reese  In  AGARD  Energetics  for  Aircraft  Auxitiar/ 
Power  Systems  Feb  1972  8 p refs  IFor  availability  see 

N73-19030  1003) 

CriticJ)  current  date  on  pUsma  sprayed  Nb3Sn  conductor 
for  temperature*  between  4 2 end  18  K and  lor  magnetic  Fields 
up  to  92  k'lo  Oersteds  aie  reported  This  data  and  stabilisation 
data  are  used  to  study  the  effect  on  the  mass  of  an  airborne 
magnet  »y9tvm  up<;ieiiog  ot  tempoidturei  above  4 2 K.  and 
using  aluminum  vs  copper  stabilized  conductor  The  use  of  high 
conductivity  aluminum  i*  sho.vn  to  substsntiaDy  reduce  the  mass 
of  the  system  For  ihe  syiiem  considered,  operation  at  elevated 
temperature  is  shown  to  result  m a larger  system  mist  since 
the  increase  m magnetic  mass  is  much  greater  than  the  reduction 
in  refrigerator  rrdss  A comparison  is  made  between  refrigeration 
using  a closed  cycle  refrigerator  and  using  liquid  halium  earned 
on  boerd  Author 

N73-19036  Magnetic  Corp  of  Arr.ancu  Cambridge.  Mass 
SUPERCONDUCTIVITY  IN  STEADY  STATE  AND  PULSED 
APPLICATIONS  FOR  FLIGHT  VEHICLES 
E J Luces  R J Thome,  and  Z J J Stekly  In  AGARO  Energetics 
for  Aircraft  / Jiiliary  Power  Systems  Feb  1972  9 p Sponsored 
in  part  by  AFAPL  (For  avjilabiliiy  bee  N73-19030  10-03) 

The  ability  of  the  Tvpe  fl  superconductor  to  develop  high 
megnetic  fields  while  carrying  high  current  densities  naturally 
leads  to  applications  that  are  related  to  power  conversion  and 
energy  stO'sg?  Two  applicetipne  am  preeenied  MtMHO 

magnet  systems  and  (2)  pulsed  inductive  energy  storage 
systems  The  usa  of  superconductors  in  windir^  for  MHO  magnets 
oife'  definite  advantages  m size  and  weight  wnan  compared 
with  room  temperature  or  cryogenic  coMs  usmg  norma'  conductor 
This  IS  primarily  due  to  the  higher  attainable  current  densrty  m 
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ih«  windings  snd  )S  grtphtcslly  illustrstsd  m plots  which  indicsts 
Khs  rttatrvs  diffsrsncs  m toisl  sod  componsot  weights  lof  s 
givon  fidld  snd  rM  volums  As  spsctric  sumpiss.  wstght  snd 
voli'.ns  sstimstss  if*  givon  for  ths  msgnst  tystsms  rsqutrad  ky 
sovsrsi  powsr  Isvsis  and  a lightwsight  msgnst  system  currently 
ur>dsr  dsvelopment  ts  described  A comparison  of  inductive  energy 
storage  systems  making  use  of  normally  resistive  cryogenicallv 
coded  srK)  scpercoTHlucting  coils  is  presented,  as  wail  as  a 
comparison  between  inductive  and  capacitive  energy  storage 
eiementa  The  current  state-of-the-art  m pulsed  supercorKfuctir\g 
sr>#rgy  storage  is  discussed  together  with  a description  of  recent 
results  using  s model  coil  Author 


N73-19036  Crsnfield  Inst  of  Technology  (England! 

PROSPECTS  FOR  SUPERCONDUCTING  GENERATORS  IN 
AIRCRAFT 

J T Hayden  In  AGARO  Energetics  for  Aircraft  Aunliary  Power 
Systems  Feb.  1972  7 p refs  (for  availahihtv  see  N73- 19030 

10  03» 

A review  is  given  of  the  characteristics  of  present  conventionel 
alternators  and  aircraft  aiectncal  power  systems  Preliminary 
considerations  m the  uss  of  superconducting  windings  m 400  Ht 
alternators  mdicats  that  it  di^cult  to  argue  a case  m favour 
of  using  supercortducling  '.it  .tines  lor  typical  systems  m use  at 
present  Futher.  there  prc*3ablv  a minimum  size  of  400  Hz 
generator  for  which  it  is  practical  to  introduce  superconducting 
wirKlings  below  which  there  is  no  sigmlicani  reduction  in  weight 
If  sytcems  reoumng  powers  ol  a fevy  megawatts  are  considered, 
then  the  case  for  superconducting  machines  is  much  more 
promitirtg  providing  that  some  cryogen  (such  as  liquid  nitrogen 
or  liquid  hydrogen)  is  already  m the  aircraft  and  available  lor 
coolirtg  intermediate  heet  shields.  Continued  developmartt  m 
lightweight  airborne  helium  refrigerators  lO  also  needed  Author 

N73-19037  laborstoire  Central  dee  Industries  Electriques 
(France) 

APPLICATION  OF  SUPERCONDUCTIVITY  TO  HOMOPOLAR 
machinery  USING  UQUIO  METALS 

j P Chabrerie,  C Fournei.  andA  Mailffert  /n  AGARO  Energetics 
for  Aifcraft  Aumliary  Power  Systems  Feb  1972  4 p refs 

(For  availability  see  N73- 19030  10  03) 

The  concept  of  a homopolar  machine  with  multiple  discs 
and  supercorducting  field  winding,  using  liquid  metals  for  the 
armature  sliding  electrical  contacts  is  described  The  possibiimes 
of  these  kinds  of  rr.achmes  used  9s  motors  or  powe  supplies 
srs  analyzed  These  machines  operate  with  a tow  voltage  and  a 
high  armature  current,  and  their  mam  features  are  an  important 
powar-io-weight  ratio  and  a good  efficiency  The  mam  results 
of  several  studies  are  presented  These  studies  have  led  to  the 
development  of  a 60  kW  flooded  rotor  homopolar  motor  operating 
at  low  speed  (800  r/mm)  After  a short  description  of  the 
model  motor  and  a brief  account  of  the  mem  test  results,  the 
paper  concludes  with  the  choice  of  liquid  metals,  their  applications 
to  more  powerful  machines  and  the  influence  o-  Ihe  use  of 
liquid  metals  on  the  machine  morphology  itself  Author 

N73-19038  Ferranii-Packard  Electric,  Ltd.  Toronto  (Ontario* 

lightweight  superconduction  magnet  for 
AIRBORNE  MHO  GENERATORS 

David  L Atherton  AGARO  Energetics  for  Aircraft  Auxiltarv 
Power  Systems  Fab  1972  9 p rafs  Spcnsored  by  USAF 

Aeropropulsion  Lab  and  Canadian  Defence  Res  Board  (For 
Bvailabiliry  tee  N73-19030  10-03) 

A large  lightweight  saddle  coil  superconducting  dipole  magnet 
for  airborne  MHO  generators  is  described  The  rriagnei  has  a 
room  temperatura  bore  of  27  7 cm  a winding  bore  of  33  cm 
a design  held  of  4 5 tesla,  a magnetic  length  of  105  cm  end  a 
mass  of  450  kilograms  The  d'pole  f-e'd  is  generated  tTy  partceke 
winding  whose  c'osa  sectioiiel  outline  approximates  overlapping 
circlet  Lightweight  necessitates  high  current  density.  2.l00e  m 
a 2 mm  square  conductor  containing  200  twisted  Nb  Ti  ftlamenis 
tn  a copper  matrix  The  Lorenz  repulsive  force  between  opposite 
sides  of  the  magnet  ts  3650  kilogeuss  per  centimeter  of  coil 
length  There  are  also  large  compressive  forces  on  the  former 
and  repuls'  'e  forces  between  the  ends  The  mechanical  struc- 


ture therefore  uses  a highly  stressed  lightweight  ttruclure  of 
filament  wound  epoxy  glass  composite.  The  dewer  uses 
auperinsulaiion  vapour  cooled  radiation  shieldt  Vibration  and 
shock  analysis  arnf  pressure  vessel  design  critena  determine  the 
minimum  mesa  dawar  design.  Author 


N73-19039  Magnetic  Corp  of  America.  Cambridge.  Mass 
SUPERCONDUCTING  GENERATORS 

2 J J Etekly  (Tex  Ur>iv  Austin)  and  H H Woodson  /n  AQARO 
Energetics  for  Aircraft  Auxiliary  Power  Systems  Feb  1972 

14  p refs  Sponsored  by  United  Aircraft  Corp  ar>d  AFAPL  (For 
avaitadilfty  see  N73-19030  10  03) 

The  development  of  alternating  current  machines  using 
St  percofKjuctmg  windings  is  discussed  The  design  philosophy 
and  deiaih  of  spacfic  experimental  generators  are  examined. 
*he  chrracterisiics  of  the  fieic  winding  based  on  eleruomagoeiic. 
electri>mechanical.  structural,  and  cryogenic  effects  art  described 
The  design  criteria  rasulting  from  the  interaction  of  these 
parameters  are  developed  The  results  of  a study  of  size  and 
weight  as  a function  of  power  level  and  frequency  ere 
presented  Author 

N73-19040  WeslinghouSe  electric  Corp  . Pittsburgh,  Pa 
Research  Labs 

SUPERCONDUCTING  ELECTRICAL  MACHINERY 
C J Mole.  J H Parker.  Jr . and  L R Lowry  /n  AGARD 
Energetics  for  Aircraft  Auxiliary  Power  Systems  Feb  1972 

15  p refs  (For  availability  ser.  N73  19030  10-03) 

(Contract  F33615  71  C 1591) 

The  more  important  types  of  supercorducting  machines,  the 
features  and  problems  inherent  in  such  machines,  and  the  more 
promisir^  applications  are  reviewed  Both  ac  and  dc  superconduc- 
ting machines  are  discussed  with  particular  emphasis  on  the 
applicetion  of  ac  machines  for  aircraft  use  Recent  end  current 
developments  in  the  field  are  reported  Author 

N73-19041  Commissariat  a I'Energio  Atomique.  Saclay  (France) 
ENERGY  8TORAOE  AND  Dl8Ci:ARGE  BY  SUPERCONDUC- 
TORS (STOCKAGE  ET  OECH^.HOE  D'ENEROIE  AU  MOYEN 
OU  8UPRACONOUCTEUR81 

P Genevey.  G Prost.  J Sole  and  B Girard  In  AGARO  Energetics 
for  Aircraft  Auxiliary  Power  Systems  Jan  1971  S p refs 
In  FRENCH  (For  availability  see  N73- 19030  10-03) 

After  an  examination  of  the  principles  o)  electric  energy 
storage  and  discharge,  a detailed  analysis  was  made  of  load 
operations,  trapping  and  different  problems  raised  about  storage 
end  discharge  The  effects  of  load  operation  on  the  utilization  of 
high  flux  pumping  and  the  discharge  that  is  released  by  means 
of  rapid  transition  superconductor  commutators  are  also  analyzed 
Expenmenia)  results  are  included  Trans)  by  EH  W 

N73- 19042  Deutsche  Forschungsanstalt  fuer  Luft-  und  Raum- 
fahd.  Stuttgart  (West  Germany)  Inst  fuer  Energiewandlung  und 
Elektnsche  Antnebe 

RESEARCH  ON  CRYOGENICS  AND  INDUCTIVE  ENERGY 
STORAGE  AT  THE  DFVLR 

C Cerpetis  In  AGARD  Energetics  for  Aircraft  Auxiliary  Power 
systems  Feb  1972  7 p refs  (For  availability  see  N73-19030 

10  03) 

The  use  of  superconducting  coils  for  energy  storage  is 
discussed  The  obiective  was  to  fir>d  the  optimizing  parameters 
and  to  define  the  problems  which  involve  the  technical  use  of 
inductive  energy  storage  It  was  determir>ed  mat  <11  the 
georr.atry  of  the  coils  it  essential  for  optimal  performance  (2)  high 
critical  current  density  rather  ihan  high  critical  field  is  important 
for  optimal  devices,  snd  (3)  the  mass  of  the  superconductor 
mey  be  small  as  compared  with  the  needed  structural  mass 
Tho  development  of  cryOgenicaMr  cooled  devK.es.  particularly  m 
the  presence  of  time  varying  fields,  is  reported  Author 

N73-19043  Centre  d Etudes  et  Recherches  de  la  Compagnie 
Eleciro-Mecanique  Le  Rourgei  (Fr?nce/  Groupe  d Etudes 
Cryotechnir^ues 

NONRAOIATING  SU  PE  R C 0 N O U CTI N C COILS  FOR 
ENERGY  <^TORAGE 
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M B.  Girard.  ar>d  A.  Malardsm  In  AQARO  Cnar^atica 

for  Aircraft  Auxiliary  Powar  Syttams  Ftb.  1972  6 p raft 

(For  availability  aaa  N73- 19030  10-03i 

THa  charactaristica  of  tuparcortduct«og  coilt  at  anargy  tioraga 
atamanta  ara  invattigatad  logathar  with  tha  mam  problamt 
iffacting  thair  daai^.i:  alactromagnauc  forcat.  ar^argy  radiatioo 
arvl  diacharga  toaaat  An  allipaoid  coil  tat  mto  a thtaMing  co«) 
It  than  dc  cribad.  lU  outar  fiald  is  zaro  arvj  its  thapa  tuitabla 
to  withstand  tha  atactromagnatic  forcat  Tha  raiation  itorad 
anargy/suparcorvJuctor  volume  it  particularly  high  An  axpenman- 
tal  coil  located  in  a tiainlett  ttaal  cryostat  was  built  allowing 
for  tha  control  of  tha  cak  ilation  method  and  tha  study  of  tha 
affect  of  tha  diffarancac  between  tha  real  ar>d  tha  theoretical 
shapes.  Author 

N73-19044  Frno  Raumfahrttachnik  GmbH.  Bremen  !Watt 
Germany) 

ADVANCED  POWER  GENERATION  IN  MISSILES 
0 Stumpf.  K Loeti}r.  ^nd  H Sharf  In  AGARO  Energetics  for 
Aircraft  Auxiliary  Powar  Systems  Fab  1972  13  p refs  (For 

tvailabilrty  sea  N73  19030  10-03) 

Power  gena  c^ng  sy<itam$  and  their  application  m modern 
mise'las  for  the  pioduction  of  hydraulic  and/or  electric  eriargy 
are  discussed  A system  weight  analysis  for  5 different  systems 
IS  deacriced  which  shows  the  application  regimes  m terms  of 
Output  puwA*  end  mission  time  Details  of  recently  developed 
compcr:ent&  are  grvan  AuttK^r 

N73>19046  AiResearch  MIg  Co  Phoenix  An; 

ADVANCED  AIRBORNE  AUXILIARY  POWER  SYSTEM 
0 F.  Swensiu,  L W Norman,  and  A 0 Meshew  In  AGARD 
Energetics  for  Aircraft  Auxiliary  Power  Systems  feb  1972 
12  p ref  (For  availability  see  N73-19030  10-03) 

An  advanced  auxihary  power  unit  (APU)  was  corr.birved  with 
an  acceseory  driva  system  to  form  sn  auxiliary  power  system 
(AP$)  This  APS  was  used  as  an  exploratory  development  test 
bed  for  the  development  of  advanced  technology  components 
The  APS  included  a 300  equivalent  shaft  horsepower  APU 
configured  to  furnish  ble^d  air  from  a split  flow  impellar  and 
shaft  powar  at  130  F.  sea  level  ambieoi  conditions  The  APS 
was  designed  to  provide  standby  power  separate  from  the 
acceeeones  and  engine  drive  tram,  checkout  engine  starting, 
snd  err.'rgencv  power  through  a high-speed  torque  converter 
The  design  of  the  APS  ws$  intended  to  form  a test  bed 
representing  the  optimum  configuration  as  determined  from  a 
system*  analysis  with  a high  cegree  of  flexibility  such  that  the 
components  thus  developed  may  be  applicable  to  many  other 
future  APS  deaigns  Author 

N73-1904B  Ktoeckner-Humboldl-Oeut;  AG  Oberurse'  (West 
Germany) 

AUXILIARY  POWER  UNITS  FOR  SECONDARY  POWER 
SYSTEMS 

Erwin  Schr>ell  In  AGARD  Energetics  for  Aircraft  Auxilia.~y  Power 
Systema  Feb  1972  9 p (For  availability  see  N73-19C30 

1003) 

The  design  principles  for  the  auxiliary  power  units  of  a 
secondary  power  system  for  use  in  aircraft  are  presented  The 
single  shift  turbine  is  compared  with  the  free  power  turbine  for 
auxiliary  power  unit  applications  The  equipments  operated  by 
the  auxiliary  power  unit  is  discussed  and  the  components  of 
the  electrical  syttam  ara  analyzed  Author 

N73-19047  Messerschmitt  Boelkow  GmbH.  Munich  (West 
Germany) 

PULSE  JET  ENGINE  AS  A SOURCE  OF  ENERGY  FOR 
AUXILIARY  POWER  UNITS:  PULSE  GAS  TURBIN' 

WITHOUT  COMPRESSOR 

W K Eick  In  AGARD  Energetics  for  Aircraft  Auxiliary  Power 
Systems  Fet>  1972  12  p (For  availabiiiiy  *ee  N73- 19030 

10-03) 

A short  survey  of  the  elements  of  $n  intermittent  pulse  jet 
engir>e.  open  on  both  tides  which  has  been  tested  up  to  the 
lupereonic  speed  it  presented  The  results  show  that  such  an 
•irbreathmg  unrt  can  also  be  used  as  a gas  genai-ator  acting 
upon  a turbine  rotor  for  taking  off  mechanical  power  The  bea«c 
design  of  the  engine  consists  of  a thm-waiied  welderl  steel 


cooairuction  of  oonicsl  and  cylindrical  shape,  without  any 
mocharucelly  movoo.  rotating  or  oecillatirtg  pans  A spark  plug 
lor  mtermirteni  external  ignition  for  atamrtg  ar>d  a fuel  control 
device  belong  to  the  basic  version  of  the  engine  The  turbirie  le 
driven  by  the  hot  gases  which  are  intermittentty  expelled  from 
the  coml^stion  chamber  The  power  unit  can  also  be  aelectivefy 
ueed  after  diversion  as  a propulsion  angina.  The  low  costs  of 
manufectunng  and  msmtenence  for  such  engines  ere  pointed 
out.  The  influence  of  the  most  importen:  persmeiars  is  ex^eirwd. 
The  autO'ignition.  based  on  the  pnrtciplt  of  residual  gas  including 
shock  wave  rate,  is  sn  important  functional  feature  of  the  pulse 
ft  engine  . Author 

N73-19048  Air  Force  Aero  Propulsion  Lab  . Wnght-Patterson 
AF6.  Ohio  Auxiliary  Power  Units 

DUAL  MODE  AUXILIARY  POWER  UNIT  FOR  HIGH  MACH 
AIRCRAFT 

Bury)  L McFeUden.  Jr  end  Richard  E Quigley.  Jr  In  AGARD 
Er^rgetics  for  Aircraft  Auxiliary  Power  Systems  Feb  1973 

9 p refs  (For  availability  see  N73-19030  10-03) 

Advanced  high  performance  aircraft  ara  projected  to  employ 
ramjet  turboramjet  and  rocketramjet  engmas  Since  ramjet 
ertginet  do  not  incorporate  rotating  members,  they  cannot  provide 
shaft  horsepower  for  aircraft  accessories  and  flight  control 
systems  Therefore,  some  form  of  auxiliary  power  source  will  be 
required  to  furnish  the  hydraulic,  e'ectric.  pneumatic  and  shaft 
power  for  the  various  aircraft  systems  during  flight,  thus  the 
auxiliary  power  source  must  become  the  prime  and  only  source 
of  shaft  power  dunng  high  speed  flight  Venous  power  source 
configurations  to  accomplish  this  are  reviewed  with  ernphas<t 
on  the  potential  of  a single  dual  mode  power  source  sized  to 
provide  ell  fligrtt  vehicle  power  throughout  the  ervtiro  operating 
regime  of  iho  aucraft  including  ground  standby  SirKe  they  are 
lutaHy  mdet; u’>«Jenl.  suci)  a configuration  wiii  permit  des*gr> 
optimization  of  both  the  mem  propulsion  engines  and  the  power 

Author 

N73‘1904r»  British  Aircraft  Cop,  Rreston  (England)  Military 
Aircraft  Oa 

INTEGRATION  OF  AUXILIARY  POWER  SYSTEMS  WITH 
THE  MULTI  SPOOL  ENGINE 

Lon  W Milsom  In  AGARD  Energetics  for  Aircraft  Auxiliary 
Power  Systems  Feb  1973  8 p (For  avaJability  see  N73-19030 

10  03) 

As  engine  technology  advances  certain  engine/airframe 
interface  problems  arise  with  aircraft  auxiliary  power  systems 
Ue>ng  a modern  strike  aircraft  as  the  principal  example,  this 
paper  examines  the  difficulties  m meeting  the  airframe  mechamcfil 
power  requirements  of  generating  excessive  wasted  energy  .n 
8*r  bleed  systems  and  of  d.ssipatmg  the  wesie  best  from  engi.ne 
arxf  eirframe  accessories  Much  closer  collaboration  between 
airireme  and  engine  contractors  at  the  early  stage  of  an  aircraft 
project,  in  erder  to  develop  a combined  approach  to  the  solution 
of  these  problenis.  is  recommended  Author 

N73-19060  Motoren-Und  Turbtnen-'inion  Muenchen  G.n.bH 
(West  Germany) 

EXTRACTION  OF  AUXILIARY  POWER  FROM  AIRBREATH- 
INO  PROPULSION  SYSTEMS 

Xleus  Beuerfeind  In  AGARD  Energetics  for  Aircraft  Ai«xiliar 
Power  Systems  Feb  1973  1 3 p (For  sveilebility  :ee  N7'M9030 
10-03) 

The  charsctenttics  of  gas  turbine  engines  for  use  as 
auxiliary  power  sources  are  discussed  The  direct  supply  of 
mechsnical  power  end  pressurized  air  from  turbines  ir.  examined 
The  most  important  entene  for  the  auxiliary  power  sourcee  ire 
identified  as  (1)  maximum  possible  power  delivery  points. 
(2)  compressor  surge  margins  (3)  effect  Oii  handling  efisractena- 
t'cs  of  ai'C'sh.  end  (a»  attect  on  windmillmg  chjractcrjsucs  of 
turbine  engine  Data  ara  prasenttd  m the  form  of  graphs  to 
show  interralationthips  of  turbine  engme  parameters.  Author 

N73-10061  Politecnico  di  Milsrvo  (Itsly)  1st  di  Mscchirve 
A METHOD  FOR  PRELIMINARY  ANALYSIS  OF  MHD 
GENERATOR  PERFORMANCE 

C Casci.  A Coohe  snd  U Ghezzi  In  AGARD  Energeii<4  for 


ee 
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Airtrin  Aumli«rv  jw*i  Symtam*  Fab.  1972  1?.  p rah  (For 

avtilabi(itY  ua  1-19030  10-03) 

Tha  characttfilDC*  ol  rr>3gt)atohYdro<»vnamie  ganarttor*  for 
airetafi  and  apacacratl  appdcanora  ara  diacuaiad.  A mathod  (or 
analyiing  tha  paramatart  ol  a magnetohydrodynamic  ganaralor 
■a  davalapad  Tha  anatyait  la  obtainad  by  fixing  tha  total  anthalpic 
diffaranca  batwaan  tha  inlat  and  outlol  tactiona  of  tha  duct  and 
by  axamining  tha  vanoui  poaaibililiat  through  which  auch  a 
condition  may  ba  achiavad  Thaimodynamic  and  alactromagnatic 
quantHiaa  ara  aludiad  in  lalation  to  tha  valocity  difhrenca  batwaan 
tha  inlat  and  outlat  aactiona  ol  tha  duct  and  by  aoma  othai 
paramatara.  auch  aa  aapansion  latio  and  (oim  (actor  ol  tha 
duct  Author 

N73  190U  All  Force  Aero  Propulaion  Lab.  Wright  Pattaraon 
AFB.  Oho 

OEVCLOPIM<iNTS  IN  AIRCRAFT  ELECTRICAL  POWER 
SYtTENIS 

Robart  H Johnaon  In  AGAPO  Energetics  lor  Aircrah  Auxiliary 
Power  Syatama  Fab  19/2  7 p lals  (For  availability  sea 

N73  1903C  10  031 

A summary  r.'  An  Force  rasaarch  end  oavalopmant  pro 
grams  in  airc'Sh  .ectncal  power  systems  and  components  is 
presented  The  p inning  process  u^ed  to  validate  research 
o'ograms  i:  d.scusaad  with  emphasis  on  tha  resultant  motivation 
to  develop  specific  classes  ol  technology  Soacilic  programs 
discussed  are  111  sohd  state  power  controllers.  (2)  gate  contiollad 
switen  lachiiolog,  (31  solid  state  electric  power  simulator  tests, 
ano  (A)  high  terr.perature  olecirical  generators,  wire,  end 
connectors  Author 

N73- 19063  Vought  Aeronautics  Oallas  Tex 
APPLICATION  OF  SOLID  STATE  SWITCHING  ANO 
(MULTIPLEXING  TO  AIRCRAFT  ELECTRICAL  SVSTEIMS 
Clyrla  W Jonas  (AFAPL)  and  Jim  Gourter  In  AGARO  Energelica 
(or  Aircrah  Auxiliary  Power  Systems  Feb  1973  9 p (For 

availability  see  N73- 19030  10  031 

The  application  ol  solid  state  switching  multiplexing,  and 
alactiically  programmable  logic  to  aircrah  electrical  systems  is 
discussed  The  effects  of  (ht  use  ol  solid  stale  switching 
technology  on  elecincsl  system  weight,  leliability.  electromagnetic 
interference  end  quality  of  power  delivered  to  loads  are  anelyted 
A Summary  ol  problems  encountered  with  proposed  solutions 
during  a program  in  which  a completely  solid  state  electriccl 
eyetem  lor  an  A 7 aircrah  was  evaluaied.  is  inchided  Areas  of 
improvement  and  expanded  capability  are  also  enumerated 

Author 

N73- 19064  Royal  Aircrah  Establishment  Famborough  (England) 
Engineering  Physics  Dept 

ELECTR)CAL  GENERATION  ANO  DISTRIBUTION  SYSTEMS 
FOR  FUTURE  SUPERSONIC  AIRCRAFT 
A Bambridge  In  AGARO  Energetics  for  Aircrah  Auxiliery  Power 
Systems  Feb  1972  7 p refs  (Fur  aveilabihiy  see  N73  19030 

1003) 

The  site  of  the  total  electrical  load  and  the  tampereture 
range  Over  which  some  components  will  have  to  ope.Bte  meke 
It  necessery  to  study  new  generation  and  distribution  techniques 
to  satisfy  the  demands  ol  lulure  aircrah  Hying  in  the  tupersonic 
or  hypersonic  range  This  paf#or  is  restricted  to  supersonic 
eircrah  end  diecusaes  recent  proposals  for  improved  distribution 
systems  mcorpn-ating  solid  state  switching  and  using  remote 
control  ol  proisclive  devices  through  a multiplexed  syelam  The 
scope  for  high  temperature  wrong  e boefty  discussed  and  e 
law  recent  developments  in  generators  ar.d  power  cables  are 
deecribed.  since  the  generating  syetem  it  peniculerly  vulnerable 
10  extreme  environmental  rondilioni  Author 

N73-190B6  Sociale  d Applicstione  des  Machines  Mo’i'cas  S A . 
Isay  IsS'Moulinasux  IFrsrKel 

ADIABATIC  COMPRESSION  OF  OILS  EASILY  MEASURED 
FROM  PUMP  ANO  MOTOR  YIELD  ICOMPHESBION 
AOIABATIQUE  OES  HUIIES  MESURE8  AI8EE8  OE8 
RENOEMENT8  DES  POMPE8  ET  MOTEURSI 
Jacques  Fatssndler  in  AG.AR0  Energetics  lor  Ancish  Auxiliary 
Power  Syste-ns  1'  c 1972  b p (n  FRENCH  IFor  availability 
tM  N73  19030  to  031 


Foimuitt  are  reporfad  lor  calciiltting  the  influence  of  adiebeuc 
od  comprasiwn  on  Iransmistion  power  ol  hydraulK  tystamt 
Celcutetioni  were  also  made  ol  pump  and  motor  destruction, 
and  the  vahra  of  thermal  dasiructqri  due  to  pit  ovartiaating  m 
the  pumps  TransI  by  E H W 

N73-1S06S  Bntish  Aircrsfl  Corp  . Whybridga  (Englsndl 
PNEUMATICS  IN  SUPERSONIC  ENERGETICS 
John  Wotton  In  AGARO  EnargalKS  lor  Aircrah  Auxiliary  Power 
Systems  Ftb  1973  1£  p (For  svailsbilitY  see  N73  1903C 

10031 

A pneumatics  onsntatsd  integrated  system  concept  developed 
lot  subeonic  civil  aiicrah  is  examined  m ns  relalqn  to  supersonic 
operation  The  principle  of  wests  heat  exiiaction  (or  tha  gantratqn 
of  auxiliary  power  supplies  is  found  to  be  even  more  viable  due 
to  greater  cabin  pressure  dilferenti&l  during  cruiso.  end  the  level 
of  engine  compressor  tapping  required  in  consequerKs.  The 
economics  ol  engine  bleed  are  examined  m the  light  ol  virtually 
tree  electrical  generation  in  the  method  employed  Pneumatic 
power  convu.eion  is  shown  to  be  at  lasst  compelitiva  with 
hydraulic  and  other  equivalents  and  the  requirements  of  power 
(lying  controls  to  be  satisfacioiily  met  Author 

N73  19067  Pisa  Univ  (liatyl  Facolta  di  Ingegneria 
THEORETICAL  MODELS  FOR  PLASMA  MOTION  IN  PULSED 
COAXIAL  HYDROMAQNETIC  GUNS 

M Aodrenucci.  M Capnli  and  R uriereni  /.'  AGARO  Energetics 
(or  Aircrah  Auxiliary  Power  Systems  Feb  1972  ',7  p rah 

(For  availability  see  N73-19C30  10  03) 

A theoratical  study  ol  the  performance  ol  pulsed  c >axiel 
plasma  guns  is  described  The  electromechanical  equaiq.it  ara 
derived  for  a snowplow  model  allowing  lor  a vanabla  initial 
mast  loading  distnbunon  Computer  rasullt  lot  two  lamilq*  ol 
diaiributions  ate  pteseniad  and  analyted  The  values  of  the  system 
parameters  thjt  yield  highest  vslue  of  k.inefic  eh’ciency  ate 
determined  (oi  widely  varied  condilqns  A modilqd  modal  ullowing 
for  the  actual  variation  ol  the  magnetic  pressure  with  the  radius 
IS  (ormulated  and  preliminary  results  lo'  this  model  are  dircussed 
Finally  an  account  is  given  ol  the  numerical  methods  employed 
in  solving  the  sets  ol  coupled  dihorenliel  equations  describing 
the  system  m the  assumed  models  Author 
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IncludM  Mnxpac*  nMdicwM.  MObMjlooy.  cMliation  (Nacu 
on  biOlogie*l  •yctomo.  physaotogical  md  pcycbotog^ol 
foeton  For  rolatod  mtormaiiort  oloo  08  Biotochnotogy 


N71  ■2007611  Adv^ory  Group  lo  Aoroipace  Reiearch  and 
Oavolopmant.  Pans  (Franca) 

C1068ANV  OF  AEROSPACE  MEDICAL  TERMS. 
ENOLISH-FRENCH  AND  FRENCH  ENOLISH  IQI.OSSAIRE 
0E(  TERMES  UTILISES  EN  MEDECINE  AEROSPATIAU. 
ANOLAIS-FRANCAIS  ET  FRANCAIS-ANOLAlSl 

D I Fryar  ad  Jan  1971  54  p ral  In  .'iyGLISH  and  FRENCH 
Revised 

lAGARO  AG  153  71  AGARDOGRAPH  153)  Avail  NTIS 

A glossary  ol  new  terms  is  presented  by  tba  AGARO  Aerospace 
Medical  Panel  The  terms  are  lim.ted  to  those  having  a specihc 
meaning  in  Aerospace  Medicine  or  peculiar  to  that  field  ol  study 

Author 

N7120361H  Adv  isofy  G'Jup  lOf  Aeiospace  Resea'cri  and 
OevBlopmerit  Pa^is  (fran^«, 

ADAPTATION  AND  ACCLIMATISATION  IN  AEROSPACE 
MEDICINE 

H J Gtu^hole^  Ma'  107  i 207  u 'dv  ai 

27(h  Aerospace  -vlecl  Panel  Meeting  Partr^nkuchen  West 

Germany.  14  - 18  Sep  1 ')70 
(AGARD  CP  82  71)  Avail  NTiS 

CONTENTS 

1 ACOUSTIC  PATiGue  Of  HUMANS  fcXPOSfcO  TO 
NOISE  G C Tol^'ufst  <0Nfl  Arlington  ’/a  i 8 i>  rels  iSee 
N71  20352  09  04, 

2 growth  and  Recoveflv  Of  temporary  thresmolo 
SHIFTS  FOLLOWING  EXTENOEO  EXPOSURE  TO  HIGH  LEVEL 
CONTINUOUS  NOlSt  J 0 Mosko  and  J L Fletcher  lArmy  Med 
Re»  LaC  . Fort  Knoi  Ky  I 7 p refs  (See  N71  20353  09  041 

3 CARDIAC  AND  NEURAL  EFFECTS  OF  RADAR 

wavelengths  A H Frey  iRandorr.line  (nt.  • 6 p (See 

N7  1-20354  09  04) 

4 FLIGHT  CREW  ADAPTABILITY  TO  THE  HELICOPTER 
VIBRATION  ENVIRONMENT  J W Danaher  iMatn^  Corp 
Alexandria  Va  ) 5 p rels  lSeeN71  20355  09  04i 

5 VIBRATION  IN  VSTOL  AIRCRAFT  W L Jones 
(NASA  Washington  DC)  ’0  p »el$  (See  N7  1 203SG  09  04; 

6 EFFECT  OF  POSTURE  ON  TOTERANCE  TO  POSITIVE 
(G  sut)  zl  ACCELERATION  R J Crossley  and  D H GiaiMe<  iRoyat 
Air  Force  Inst  of  Aviairon  Mediciot.  Famborouqh  England)  8 o 
fit  (See  N71  20357  09  04) 

7 EFFECTS  OF  POSITIVE  Gy  ACCELERATION  ON  8LOOO 
OXYGEN  SATURATION  AND  PLEURAL  PRESSURE 
RELATIONSHIPS  IN  DOGS  BREATHING  FIRST  AIR  THEN  LIQUID 
fluorocarbon  in  A WHOLE  BODY  WATER  IMMERSION 
RESPIRATOR  D J Sass.  L L Ritrnan  P £ Caskey  J GreTnlee* 
end  N Banchero  ei  al  (Mayo  Ciioici  16  p »els  ‘oecN7l  203j8 
09  04) 

8 AGE  AND  EXERCISE  AS  FACTORS  INFLUENCING 
OSTEOPOROSIS  BONE  STRENGTH  AND  ACCELERATION 
tolerance  L E Kaidnan  and  H £ Von  Gierke  'AMflLl  2 1 u 
fit  (See  N71  20359  09  04i 

9 PROBLEMS  OF  AljAPTATION  TO  LONG  RANGE 
large  scale  AERIAL  TROOP  DEPLOYMENT  S C Knapp  (Army 
Aeromedical  Reseeirh  Lab  ‘ 14  p fels  (SecN71  20360  09  04) 

10  IMPULSIVENESS  -AND  ANXIETY  RELATED  TO 
PERCEPTUAL  MOTOR  performance  E S Barratt  i Te«a-i  Un.v 
Galveston)  and  G Toihutst  «ONH  Arlmrjion  Va  > 5 f)  'el*.  (Spp 
N71  20361  C9  04) 


11  EFFECTS  ON  HUMAN  PERFORMANCE  OF  COMBiNEO 
environmental  STRESSES  W F Greiher  (AMRL)  10  o »els 
tS«e  N71  20362  09  04) 

12  IriE  NOVEL  TASK  AS  A MEASURE  OF  PERFORMANCE 
UNDER  ENVIRONMi  NTAL  STRESS  M F AllnuM  I Royal  Am  Force 
Inst  ol  Avisitor)  Medicine  Farnborough.  Englandi  4 p ref*  (See 
N71  20363  09  04i 

ir  IS  laboratory  EXPERIMENTATION  USEFUL  FOR 
STUDYING  HUMAN  ADAPTATION  TO  UNINHABITABLE  SENSORY 
ENVlRONMENTS>  R Angtbousi  iCenue  O Enseignemem  Et  De 
Recherchcs  Oe  Medec.ne  Aeronaunque  Peris  France)  7 p (See 
N71  2036409  04) 

14  THE  psychotherapeutic  METHOD  IN  AVIATION 
PSYCHIATRY  IN  THE  TREATMENT  OF  SOME  SYNDROMES  OF 
A REACTIVE  CHARACTER  L Longo  (Italia^t  Arr  Force 
Psycho  Phsiologicai  Inst.  Naples*  10  p rels  (See  N7i  20365 
09  041 

16  EaPERIMENTAL  research  ON  HEAT  BALANCE 

Of  athletes  of  various  specialties  during  muscular 

EXERCISE  IN  DIFFERENT  THERMAL  ENVIRONMENTS  P Rola 
ritaiiar^  Air  Fo'ce  Aerospace  Medical  Centei  Ror.ie  Italy)  and  A 
Toda'o  ‘Accident  Prevent  Natl  Agency  Res  Cer>ter|  $ p refs 
tSee  N71  20366  09  04, 

16  ENERGY  METABOLISM  DURING  EXPOSURE  TO 
EXTREME  ENVIRONMENTS  C F Consola^io  H L Johnson  and 
H J Kr^v^icki  (Army  Medicdl  Research  actd  Nutrition  Lab ) 1 1 p 
rels  iSee  N7  ; 20367  09  04) 

17  ME  TAB  OLIC  imbalances  AND  body 

hypohydration  during  food  deprivation  no  oaysi  c 

f ConvolaziC  H L Joimson  and  H J Krzywicki  (Army  Medical 
Research  and  Nul'iiiO'  v.ahi  8 p rcl?  (SeeN71  20368  09  04) 

18  the  influence  of  environmental  factors 

IN  AlflCRAF.'  CARRIER  LANDINGS  AND  ACCIDENTS  C A 

m ^ ^ * o * - ■ * Ir**-  Sa^*a  ^ -- 

.els  (SeeN7i  20369  09  02* 

19  EFFECT  OF  ACUTE  AND  CHRONIC  EXPOSURE  TO 
21  MM  HG  ambient  P Sub  C02  ON  EXERCISE  RESPO.'^SE  OF 
NORMAL  MAN  R D Smclai*  J M Clark  and  B 6 Welch 
(School  ol  Aerospace  Medicine)  9 p refs  (See  N7  1 20370  09  04) 

20  VOLITIONAL  CONTROL  OF  VISUAL  ACCOMMODATION 
R J Rarsdie  (NASA  Ames  Research  Center  Moffett  Field  Cal'l ) 
13  0 rr.ls  -See  N7l  2037  1 09  C4i 

N71-203S2e  Oll'Ce  ol  N^val  Research  Arlington.  Va 
ACCOUSTIC  FATIGUE  OF  HUMANS  EXPOSED  TO  NO:SE 
Gilbert  C Toihurst  /•  AGARD  Adaptation  and  Acclimatisation  ,n 
Aetosiidce  Med  Mai  1971  8 p refs  iSeeN7l  2035109  04) 
Avail  NTlS 

Since  nu'nan  laiKjue  >s  nut  Iruiy  o unn-i>c  phase  by  bOffOv*ing 
an  analogy  from  tt>e  rr.aierial  sciences  an  atlempl  has  been  msde 
to  oulli'»c  botn  iihyMniogicaliy  arnl  psycholOQicallv  the  limits  and 
ranges  of  the  resporise  to  aCO^'*»liC  stimuli  terrried  elasticity, 
deformation  and  drslruc  ipn  The  precision  is  rio  better  or  no  inrc-'se 
thaey  The  same  terms  aop'ied  to  metal  fatigue  Present  damage-risk 
mieria  •!  stf'Cilv  aiuiheC  by  industry  the  military  or  by  social 
services  organizations  sh.iuld  materially  reduce  the  incidence  of 
noise  induced  i^eanng  losses  to  approximately  85  to  95  percent  of 
a Dopuldi'on  Considerable  amounts  of  data  are  needed  to  aH^  any 
particular  individual  s susceptibility  to  b»*  prcdi-  led  with  precision 
While  considerable  research  effoM  nav  yielded  ever  increasingly 
elegant  meihorJs  to  quantify  potentially  hazardous  noise  environments 
as  well  as  communications  mterlerring  ones  the  conse4u0nces  of 
pfolor'ged  noise  exuosure  need  extensive  expernneritat  validation 

Author 

N71  20353#  Army  Me<li-dl  Rnsearr.h  Lab  fort  Knpx  Ky 
Cxpenmenta*  Psychology  Div 

growth  and  recovery  of  temporary  threshold 

SHIFTS  FOLLOWING  EXTENDED  EXPOSURE  TO  HIGH 
LEVEL.  CONTINUOUS  NOISE 
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J.imes  O Mosko  and  John  L Fietchei  /a  aGAi'^0  Adaptation 
and  Accii»naiisation  «n  Aeiospa:e  Med  Mjr  19/1  7 p r«fs 

tS«e  N7!  20351  09  04) 

Avail  NTIS 

ReQuiratrenls  of  long  term  ope.itions  for  both  air  and 
ground  military  peraonnel  have  mcreaied  m recent  yeari.  md  the 
probebility  of  having  auch  pereonnel  eiposed  to  hatardou  > noise 
ieveli  and  duraticni  has  increased  Research  waa  undertaken  to 
invMtigaie  the  effects  of  long  term  eiposure  on  the  auditory 
thresholda  for  discrete  tonal  signals  'nd  the  recovery  from  any 
temoorary  threehofd  shift  evidence  indicates  a gradual  growth  m 
temporery  threshold  shift  (TTSl  over  1 2 16  hours  of  eiposure  with 

an  asymptotic  TTS  configuration  extending  through  48  hours  of 
exposure  Full  recovery  IS  aitSined  m epproximeieiy  23  24  hours 
after  cestatron  of  exposure  'fhe  results  of  this  research  could  lead 
to  reconsiderition  of  the  damage  risk  criteria  for  noise  exposure 
and  to  the  design  of  protective  devices  Author 


N71-203S4I  Rendomltne  Inc  . Willow  Grove  Pa 

CARDIAC  AND  NEURAL  EFFECTS  OF  RADAR 
WAVEUNOTHS 

Allan  H Frey  M AGARO  Adaptation  end  Acclimatisation  m 
Aerospace  Med  Mar  1971  6 p (See  N71  203S1  09  04l 
Avail  NTIS 

Results  of  experimentation  on  *he  cardiac  effects  of  UHF  er>ergy 
are  reviewed  A senes  of  three  experiments  were  conducted,  the 
first  two  experiments  used  isolated  frog  hearts  and  the  third  used 
intact  froge  The  UHF  energy  was  synchronned  with  events  m the 
ECG  «r>  an  etiempi  to  drive  the  heart  Synchfoni^etion  v^iih  the  R 
wave  had  significant  effects  Author 

N7V203S6I  Matin  Core-  Alexaf^drla  Va 

FLIGHT  CREW  ADAPTABILITY  TO  THE  HELICOPTER 
VIBRATION  ENVIRONMENT 

J W Oeneher  M AGNRO  Adaptation  and  Acclimatisation  »n 
Aerospace  Med  Mar  1971  5 p refs  Sponsored  by  ON R (See 
N71-20351  09  04) 

Avail  NTIS 

Interpreteiions  of  research  literature  concerning  ine  effects 
of  vibration  on  man  are  presented  Described  are  some  effects  of 
Vibration  on  the  oerformance  of  certain  flight  crew  tasks  require-i 
by  emerging  helicopter  missions  Specifically  the  implications  lor 
long  duration,  search  and  rescue  and  cssault  support  miss'ons  are 
discutied  Tasks  associated  with  the  operation  of  venous  human 
sensor,  systems,  digital  input  devicjs  h«imei.moini«fi  and 
other  displays  ere  also  analvied  A;eas  requiring  further  resecrch  are 
defined  arsd  engirseennj  approaches  to  the  solution  ol  the  helicopte' 
vibration  problem  are  outlined  Author 


N71‘203M*|  National  Aeronautics  and  Space  Administration 
Washington.  D C 

VIBRATION  IN  V BTOL  AIRCRAFT 

Walton  L Jones  /n  AGARO  Adaptation  and  Acclimatisation  ir^ 
Aerospace  Med  Mar  1971  10  p refs  (SeeN7  1 2035109  04) 
(NASA-TM  X 66956)  Avail  NTlS  CSCL06S 

T)se  rtde  comfort  program  bemg  conducted  at  Langley  Research 
Center  is  detenbed  This  program  assesses  tho'-e  characteristics  of 
V/STOL  vibration  which  influence  human  comfort  Veincie 
measurements  correlated  with  trse  lesults  from  simulation  experiments 
will  veld  the  recommended  nde  comfort  criteria  Also  described  is 
(1)  a planned  study  of  an  active  vibratic":  .soJatior-.  dciigr'.cd 

to  elim.nete  approximeieiy  90%  of  the  vibraiion  at  the  prir  lary 
frequency  cf  18  cycles  per  second  and  i2i  a ride  comfort  simulator 
having  three  degrees  of  freedom  a oayioar^  capacity  of  5 000 
pounds  and  vertical  and  iaierai  direction  hav-ng  peak  to  peak  double 
cmpiitude  of  SIX  inches  with  plus  and  minus  0 5 g A L 


N7l*20367iir  Royal  Air  force  Inst  of  Aviation  Medicine 
Fernborough  (England) 

EFFECT  OF  POSTURE  ON  TOLERANCE  TO  POSITIVE  (Ox) 
ACCELERATION 

R J Crosvley  and  O H GUiSler  In  AGARO  .Japtation  and 
Acciimat<sdimo  m Ae>nsoace  Med  Mar  )97l  8 p rets  (See 

NM  20351  09  04) 

Avail  NTlS 

The  effect  of  vatyinq  tlie  postu.e  of  eight  subjects  on  their 
relaxed  qrevout  ifireshotds  has  been  siu<jied  Six  ar^gies  of  the  seat 
back  between  70  deg  to  the  horizontal  and  IS  deg  and  rates  of 
on»et  of  acceleration  of  I 0 g 'sec  and  0 1 g/sec  were  used  The 
y ihiesboids  of  all  subiects  with  both  rate*  of  onset,  increased  as 
tt»e  back  angle  decreaseri  and  were  directly  proportional  to  the 
• eciprocai  of  the  vertical  distance  belweer>  the  eye  and  the 
hacmotiynamic  indifieiencc  point  The  degree  of  rieck  flexion  was 
observed  to  have  little  effect  on  the  thresholds  at  any  one 
.tngle  Foul  siibjecls  also  wore  an  anii  g suit  for  further  threshold 
4lelermif^alion>  Witfi  seat  back  angles  of  70  deq  30  deq  and  I 5 
deq  Tiie  ncrease  m thresholds  produced  by  the  anii  g suit  was 
the  sanic  for  each  angle  Con-.parison  of  the  thresholds  observed 
wr!h  the  two  rates  of  o'lsct  sMow  tf'ai  ihe  0 1 g.sec  rate  leads 
to  high  .1  ihie  ho'ds  tt^an  t)^e  1 0 q sec  rate  These  studies  indicate 
that  a near  suiune  pos!ur4»  con^bined  with  an  anii  g suit  can 
(■rovnie  lelavrl  g DneshoUis  ii>  Uxe  region  of  6 to  8 q while 
oerir.ilimg  arlcguate  fo-wjnJ  vision  SuCh  a pOstufC  would  have  the 
added  advantage  of  exposing  (he  aircrew  lo  y sub  x acceleratior'. 
durnu)  election  Author 

N71-20358*!  Mayo  Chruc  Rochester  Mion  Graduate  School 
of  Medicine 

EFFECTS  OF  POSITIVE  Gy  ACCELERATION  ON  BLOOD 
OXYGfeN  SATURATION  AND  PLEURAL  PRESSURE 
RELATIONSHIPS  IN  DOGS  BREATHING  FIRST  AIR,  THEN 
IIQUID  FLUOROCARBON  IN  A WHOLE  BODY  WATEf. 
IMMERSION  RESPIRATOR 

O J Sass.  € L Riiman  P E Caskey  J Greenleaf  N Banchero 
et  a>  /r>  aGaRD  Adaptation  and  Acclimdiisaiior>  m Aerospace 
Med  Mar  1971  15  p rel>  Sponsored  m pad  by  Navy  (See 

N71  20351  09  04i 

(Grant  NGR  24  003  001  Conitaci  F4  1 609  69  C 0058  Grant  NIH 
HE  3532- 

(NASA  CH  1 17  199)  Avail  NTiS  06S 

A total  body  Wviet  rmmersion  mechanical  respiration,  body 
Support  asserribiy  has  been  used  with  dogs  on  the  human 
ccninfugc  to  corr.paie  effects  of  • 1 Gy  and  • 6 G'  accele  ation  on 
cardiovascular  and  fespiratory  function  m OOgs  » nder  thnre  conditrons 
tl!  r.cimj!  rq-.,p::qt:cn  ;n  q;:  ;2!  totally  J.m.r.crscd  .r.  a sal.hG  filled 
respirator  chamber  providing  control  Of  respiraicry  rate  tidal  and 
residual  volumes  wf'en  breatfimg  an  or  o*rgen  and  '3*  when 
-espirert  m the  same  manner  witti  oxygenaterj  liquid  fluo-’ocarbon 
The  results  indicate  that  1 1 1 arterial  hypoxemia  due  to  dependent 
pu*mona»v  dde-iovenous  snunimg  caused  by  acceleration  is  not 
rnimmi/erl  by  water  immersion  alone  doTS  can  be  respired  with 
liqui'f  fluorocarbon  lor  four  hours  or  lonqer  without  clinical  signs 
of  respiratory  distress  *3»  liquid  respiration  prevented  deper’dr»nt 
oulmonarv  aderiovenous  sfumtinq  at  6 Gy  veilical  gradien* 
in  pieu-al  pressure  gradienls  were  appro*ima»€ly  0 7 cm  H20  'cm 
ver|«cdi  rl'Siance  between  pleural  raihete'  tips  m air  b-eathing  dogs 
III  contrast  'o  greater  than  1 0 cm  H20  cm  vedica'  distance  m 
liqi- J f»»ealbing  expeurrienis  and  i51  uquid  f)reaih.  prevented 
me'ital  r|isplar:ef««ents  of  the  heart  anrl  o'hc;  rr.rd'?sti..  ii  structure* 
to  rlcpendem  sites  m (he  tfiorax  and  roenigencjqiaphicaily  evident 
pulmonary  atelectasis  m depenrJeni  regu-ns  Authoi 

N71  20359»  »T  iVMr'Jii.ai  n Lat>s  vVrigru  Ka  iprsor^ 

Af  6 Ohio 

AGE  AND  EXERCISE  AS  FACTORS  INFLUENCING 
OSTEOPOROSIS  BONE  STRENGTH  AND  ACCELERATION 
TOLERANCE 

I E K.i.*a‘i.»i>  ,):i  I H t Vo;-  /m  At.-Ano  Adaptaiijn  and 
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Acciimalisaiion  in  Aerospace  Med  M#r  t971  21  p refs  <See 
N71  20361  09  04» 

(AMfU  TR-70-74)  Avail  NTlS 

Spinal  in|urv  aaaociated  with  escape  from  high  perfprrnance 
aircraft  has  tended  to  occur  more  frequently  in  the  aoed  than  the 
yourtger  aircrewrnan  pnputation  Although  an  age  mfiuer>ce  (or  this 
trauma  has  not  been  clearly  demonstrated  it  must  be  hypoti^aed 
Osteoporosis  IS  pari  of  the  oorrnai  agmg  process  and  accompanies 
most  diseases  affecting  man  Disuse  osteoporosis  appears  to  be 
an  axaggeratAo  of  the  normal  agir>g  process  Mechanical  stress  such 
as  that  produced  by  eiercise  and  physical  activity  is  necessary 
for  the  retent«on  of  skeletal  mass  end  may  be  a specific  influence 
in  controlling  the  adverse  effects  of  osteoporosis  To  produce  a 
partial  answer  to  the  questions  raised  and  their  poier^na'  operational 
Significance  24  adult  rhesus  monkeys  were  subiecied  to  60  days 
ol  physical  inaciiviiy  The  results  show  a decrease  m spinoi  impact 
tolerance  in  terms  of  vertebral  body  fracture  when  experimentally 
produced  osteoporotic  pnmates  were  exposed  to  whole  body 
longitudinal  spmal  impact  Histopalhological  examination  at  points 
of  ter>dinous  and  ligamentous  attachment  show  increased  bone 
modeling  activity  Author 

M71 -20360/11  Ar  my  Aeromedical  Research  tab  fort  Rucker  Ata 

RR06LEMS  OF  ADAPTATION  TO  LONG  RANGE  LARGE 
SCALE  AERIAL  TROOP  DEPLOYMENT 

Stanley  C Knapp  In  AGARO  Adaptation  and  Acclimatisation  m 
Aerospace  Med  Mar  1971  14  p refs  (SeeN7l  20351  09  04> 
Avail  NTIS 

Stresses  and  adaptation  problems  demonstrated  during  large 
sc«(e.  long  range  rapid  reaction  fme  aerial  troop  deployments  are 
described  NATO  Exercise  REFORGER  i and  other  recent  large 
scale  aerial  troop  deployments  are  discussed  Author 

N7 1-20361  a Texas  Univ  Galveston  Dept  of  Neurology  and 

Psychiatry 

IMPULSIVENESS  AND  ANXIETV  RELATED  TO 

PERCEPTUAL  MOTOR  PERFORMANCE 

Ernasi  $ Sarrall  and  Gilbert  Toihursi  lONR  Arlingiur.  Va  > In 
AGARO  Adaptation  and  Acclimatisation  m Aerospace  M«d  Mar 
1971  5 p refs  (See  N71  20361  09  04) 

(Contract  N00014  68  A 0106  0002) 

Avail  NTIS 

Ariiety  and  impulsiveness  have  ber/n  studied  w<thm  a 
conceptual  framework  that  recognues  four  cia:>ses  of  variables  ' i ■ 
everyday  life  experiences.  '2i  psycbomeinc  tests  and  psvchometr.c 
interviews  <31  laborat'-ry  bcrhaviO'di  measures  and  <4i 

osYChoohysiolooicai  measures  The  overall  goal  was  (o  describe 
anxiety  and  impulsiveness  across  all  tour  classes  of  variaoies  fu» 
both  stress  and  nonsl-**ss  rionpifions  Examoles  of  the  relationship 
of  the  interaction  of  imf’uisiveness  don  anx»eiv  to  ptr<,rpujai  n»ocor 
pertormar^ce  are  presented  within  the  context  of  a br«ef  discussion 
of  the  ovi'raM  research  program  Au;hni 

N71 -20362*  Aerospace  Medical  Research  Lab  Wnghi  Patterson 
AF0  Ohio 

EFFECTS  ON  HUMAN  PERFORMANCE  OF  COMBINED 
ENVIRONMENTAL  STRESSES 

Walter  F Greiher  In  AGARO  Adaptation  and  Acclimatisation  m 
Aerospace  Med  Mar  197  1 10  p 'els  'SeeN7  1 2036>09  04i 
Avail  NTiS 

Research  studies  of  environmental  effects  riyrmaiiv  expose 
Sub/eCIS  to  only  one  stress  at  a t»mc  vihile  «n  operat'Onal  flyny  there 
are  usually  several  tresses  acting  Simulianeously  Trie  possiL'litv 
exists  that  effects  ot  such  combined  stresses  may  be  greater  than 
would  he  predicted  fron-  smqie  stress  studies  There  have  been 
relatively  few  laboratory  studies  of  humari  performance  m which  (he 
subjects  have  been  exposed  to  such  combineti  stresses  A critical 
review  iS  prr^senlcd  o*  ttiesc  past  sturl>es  frri-  pie  particular 
viewpoint  of  whether  performance  rjec'enieMts  fombmed 

stresses  are  moie  severe  Ihari  woulrl  be  (irerlicterl  liom  vri-jlr  stress 
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Biudtdft  Although  the  number  of  past  studies  is  not  sufftcioni  to 
present  a consistent  or  cor^ciusivc  picture  they  do  suggest  that 
combinetior^a  of  environmer^tai  tiresiet  dn  not  present  a special 
heianj  m Rymg  that  could  not  be  anticipated  from  results  of  tmgle 
streM  studies  Author 

N7t-20363iH  Royal  Air  Force  Inst  of  Av.ai'on  Medicine. 
Fernborough  lEngland) 

THE  NOVEL  TASK  .AS  A MEASURE  OF  PERFORMANCE 
UNDER  ENVIRONMENTAL  STRESS 

M F Allnuft  If)  AGARD  Adapiaticn  and  Ac^limatiseticn  m 
Aerospace  Med  Mar  1971  4 p refs  (6«e  N7 1-20361  09-04) 
Avail  NTIS 

Experiments  were  conductet*  to  determine  human  pe-'^ormance 
on  a complex  reasoning  test  unde'  the  stresses  of  temperature  and 
altitude  in  the  analysis  of  iha  dma  special  attention  was  g vert  to 
those  Situations  m which  the  subjects  fust  acquaintance  with  the 
task  was  under  the  stress  condition  The  experimental  work  a'ong 
with  a discussion  of  the  advantages  and  disadvantages  of  using 
a novel  task  to  assess  per'prmance  under  er^vironmental  stress  <s 
briefly  discussed  Author 

N71-20364/II  Centre  d Enseignemeot  et  da  Recherchei  de 
Medecine  Aeronaotiqja.  Paris  (Franca)  Lab  Central  de  Biologie 
AeronautiQue 

IB  LABORATORY  EXPERIMENTATION  USEFUL  FOR 
6TUOVINO  HUMAN  ADAPTATION  TO  UNINHABITABLE 
BCNQORY  ENVIRONMENTS^  [LEXPERlMENTATION  EN 
LABORATOIRE  ESTELLE  PERTINENTE  POUR  ETUOlER 
LAOAPTATION  DE  L'HOMME  AUX  ENVIRONMENT 
SENBORIELSINHABITUELBI 

Roger  Angiboutt  !n  AGARD  Adaptatrpn  »r*H  AcciimetisjtiAri  m 
Aerospace  Med  Mar  19T1  7 p In  FRENCH  ENGLISH  sun.mary 

lSaeN7l-20351  0904) 

Avail  NTIS 

Two  expanmenis  ware  conducted  lo  study  the  adaptation 
of  voluntary  subjects  lo  a degraded  sensonai  environment  These 
aipenments  showed  that  (1)  The  behavioral  and  physiological 
response  to  an  unusual  environment  depends  on  the  subjl^cts  level 
v>f  education  and  personal  interest  m the  test  (2)  Adaptation  to 
a-'i  unusual  environment  can  be  modified  by  giving  to  the  tasted 
su%'Hects  psychoanelepiics  which  induce  behavioral  mai.ifesiatioris 
of  rnadaptation  m subjects  who  had  been  so  lar  free  from  thenr> 
In  light  of  these  experiment'  >t  appears  that  for  the  subject,  the 
tignihcant  stimulus  is  not  the  physical  cne  or  the  arrangement  of 
physical  stimu.i  whch  exciies  h's  senses  but  the  meaning  which 
he  gives  to  the  overall  experiment  situation,  ar^d  the  way  he  feels 
it  The  rm»»onance  of  the  decrement  of  physical  stimuli  doej  not 
affect  the  t>ehavio>ai  rnanifestaiions  of  madaptation  The  sarne 
physical  envi.onment  can  be  felt  as  a neutral,  iridifferent  stimulus 
or.  on  the  contrary,  as  an  aggressive  nocicepuve  stimulus 

Author 

N7l-20396/if  iiiiian  Air  Force  Psycno  F*hsioiogicai  Inst  Naples 

THE  PSYCHOTHERAPEUTIC  METHOD  IN  AVIATION 
PSYCHIATRY  IN  THE  TREATMENT  OF  SOME  SYNDROMES 
OF  A REACTIVE  CHA  RACTER 

L Longo  'n  AGARO  Adaptation  and  Acciimat'sat«on  .i  Aefospace 
Med  Ms  1971  10  p rtis  (See  N7  l 20351  09  04i 
Avail  NTlS 

The  usefuii^ess  >n  avia'ion  psychiatry  of  psychotherapeutic 
treairTtent  of  some  r.vndromu.'.  of  a rea'J've  character  is  shown 
lh<ough  ihe  fJescript'Or.  of  7 ctses  synthetically  reported  in  their 
mos»  rodicairve  constitutive  t'en  ents  and  m the  psychodynamic 
modality  of  the  relative  psychoiiie'ar>eutic  trea'meni  Stress  was  ia>d 
on  the  advantages  tna.  accrue  fron.  'ne  fact  uf  oemi^  «L»!t  to 
out  the  therapy  in  the  environment  I'soif  ar^d  c'-  tne  favore'jle 
implications  that  can  derive  from  it  both  or.  the  stnctiy  cimi  :ai  plane 
arid  on  the  more  specific  one  of  rnaintair^ing  and  repairing  flight 
fi’  ess  Author 
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N7i-203eai  lt«li»n  Air  Forc«  A«rosp«c«  M«dic«l  Onter  Rome 
llteiv) 

CXPIRtMCNTAL  RESEARCH  ON  HEAT  BALANCE  OF 
ATHLETES  OF  VARIOUS  SPECIALTIES.  DURING 
MUSCULAR  EXERCISE  IN  DIFFERENT  THERMAL 
ENVIRONMENTS 

Peoio  Rote  end  Antonio  Tode^o  (Acodent  Prevent  Neil  Agency 
Res  Center)  In  AGARD  Adaptation  and  Acclimatisation  m 
Aerospace  Med  Mar  1971  8 9 refs  (See  N71  2035  - 0^  04) 
Avail  NTlS 

Athletes  trained  to  different  muscular  exercises  itong  distance 
runrters  and  sprinters)  carr>ad  out  work  tests  under  condi  ions  of 
Iherrnal  neulraiity  and  ir>  not  environments  During  the  tests 
phyftiologicel  pa'ameters  were  recorded  (central  and  skin 
temperatures,  sweat  loss  oxygen  intake  wo>k  load  etc  ) in  o>der 
to  calculate  heat  balance  Based  on  accumulated  data  the  behav  or 
of  thermal  regulation  in  respect  to  the  different  athletic  specialties 
of  the  subiects  tested  is  discussed  Author 

N71-20367#  Army  Medical  Research  and  Nutrition  Lab  Denver 
Colo  Bioenergetics  Div 

ENERGY  ME  ABOLISM  DURING  EXPOSURE  TO  EXTREME 
ENVIRONMENTS 

C F Ccnsolazio.  H L Johnson,  and  H j Krywicki  m AGARO 
Adaptatior<  and  Acclimatisation  m Aerospace  Med  Mar  I971 
1 I p refs  (See  N7!  2035t  09  041 
Avail  NTlS 

The  energy  requireme  's  m a cold  environ.-nent  are  practically 
unchanged  as  compared  to  a temperate  environment  except  for 
the  2 to  5%  increase  due  to  the  wearing  of  the  heavy  clothes 
and  footgear,  providing  that  the  individual  is  adequaiefy  clothed 
However  the  d3'*v  er'^'S.  <<»OH»r»rnents  for  me»-.  livifiQ  and  working 
in  a hot  environment  are  increased  Tins  i>  *e(<jied  (o  (he  increased 
'equirement  of  the  circulation  u-.  heat  tran  .port  the  increased 
action  of  the  sweat  glands  increased  caloric  loss  due  to  sweat 
vaporuation  and  to  the  increase  m body  temperature  Balance 
studies  including  losse»  of  nutrient  in  sweat  indicate  that  these 
excretions  are  appreciable  under  conditions  of  profuse  sweating  in 
the  oast,  with  the  exception  of  sodium  very  lew  investigators  have 
recognised  the  fact  that  (he  mineral  tosses  m sweat  couid  be 
appreciable  The  total  nnrerai  loss  should  include  ihe  mineral  toss 
.n  sweat  This  in  turn  would  help  m estimating  more  realistically 
the  minifT'ai  daily  allowances  of  nifnerals  Author 


N71  2036B#  A rmy  Medical  Resea'ch  and  Nutrition  Lab  Denver 

U-Oio  BiUU'ieryelx.^  k->iv 

METABOLIC  IMBALANCES  AND  BODY  HYPOHYDRATION 
DURING  FOOD  DEPRIVATION  ilO  DAYS) 

C F ConsolSZiO  H L ^ohosOn  arid  H J Kr^yvviCki  In  AGARO 
Adar^tation  and  Acciimatisaiion  in  Aerospace  Med  Mar  l97i 
B p refs  iSee  N7l  20351  09  04 1 
Avail  NTlS 

During  studies  ol  6 m-'n  who  fasted  completely  lor  '0  days 
significar^t  metabolic  stres:»es  developed  which  could  eventually 
lead  to  senous  abno'maiities  Theoe  observations  included  great 
body  hypol^vdraiion  resulting  m large  body  weight  losses  large 
nitrogen  and  mineral  losses  and  a marked  ketosis  These  findings 
are  not  unusual  since  both  the  bodv  fat  and  (ifOtem  stores  must 
be  utilized  as  ene'qy  sources  The  inainienance  ol  normal  b'oori 
carbohydraie  levels  require  a known  q'.janiity  of  pfoteu^  breelidown 
As  a result  it  was  suggested  >hat  iov<  anti  ketogenic  diets  and 
adequate  mineral  supolerT‘enidi..,ri  couid  prevenn he  marked  ketos'S 
mir^imize  proiem  catabolism  rnamtairi  fluid  balance  and  decrease 
me  eiectfoiyiw  vuv'ot-ui-  CKG  s C£.C  /.c-'c  «c"”3'  ho’^ 

groups  during  the  entire  study  i;  appears  mat  restricted  diets 
containing  less  than  500  co'ones  day  a-e  maderjuaie  lo-  short  term 
perforn\ar.c6  Although  they  spared  water  itie  iiroieiri  taiat>oiism 
was  still  a rmator  piob'erri  AutriO' 


N71*203BB||I  Dunlap  and  Associates.  Inc  . Santa  Momca  Caiif 
THE  INFLUENCE  OF  ENVIRONMENTAL  FACTORS  IN 
AIRCRAFT  CARRIER  LANOINQ8  AND  ACCIDENTS 
Oyde  A Bncison  M AGARD  Adaptation  and  Acclimatisation  m 
Aarospaca  Mad  Mar  1971  7 p rafs  fSae  N7 1 -20351  09-04) 

Avail  NTlS 

An  analysis  of  earner  landing  accidents  during  a five  year 
partod  11965-  1969)  showed  that  environmental  causal  factors 
corstnbutad  to  27%  of  all  jet  landing  accidents  Pitching  deck  was 
the  most  fraquaniiy  cited  envirorimentai  causal  factor  and  was 
cited  (A  15%  of  the  landing  accidents  The  F4  aircraft  had  the 
highest  percentage  of  environment  related  mishaps  (36%).  half  of 
whtch  were  pitching  deck  accidents  (16%)  Furthermore,  pitching 
deck  conditions  were  found  to^be  related  to  two  accident  types 
hard  landings  and  undershoots  which  accounted  for  93%  of  all 
landing  accidents  Piiot/aircraft  height  tracking  responses  under 
different  levels  of  deck  pit  :h  ware  analyzed  and  results  indicate  that 
deck  motron  m excess  of  four  feet  may  result  in  a 160  Ceg  phase 
relation  between  deck  pitch  and  pilot  height  tracking  for  certain 
aircraft  Synchronized  records  of  deck  motion  and  pilot  aircraft 
height  (recking  during  final  approach  to  night  earner  landing  deck 
chasing  phenomenon  and  provide  graphic  evidence  the 
consequences  of  180  deg  phase  lags  especially  for  high  accident 
ntk  eircreft  A ithor 

N71 -203701  School  of  Aerospace  Medicme.  Brooks  AFB.  Ttx 
Environmental  Systems  Div 

EFFECT  OF  ACUTE  AND  CHRONIC  EXPOSURE  TO  21  mr« 
Hg  AMBIENT  P BUB  C02  ON  EXERCISE  RESPONSE  OF 
NORMAL  MAN 

ft  0 Sinclair.  J M Clark  and  6 £ Welch  In  AGARD  Adaptation 
and  Acclimatisation  m Aerospace  Med  Mar  1971  9 p refi 

.Gae  N71  21361  09  04) 

Avail  NTlS 

Physiologic  responses  to  ma  interacting  stresses  ol  exercise 
and  hypercapnia  were  studied  lu.  4 young  meie  subiects  who  were 
well  trained  and  m excellent  physical  condition  The  subiects 
performed  light,  intermediate  and  heavy  exercise  on  a bicycle 
ergometer  whil  breathing  air  and  during  acute  ( 1 6*30  'mnulesr  end 
chrome  (15  20  lays)  exposure  to  an  ambient  P sub  C02  of  21 
mm  Hg  Simultaneous  measurements  of  V Sub  E V sub  02.  V sub 
C02  pulse  rate  rectal  lemperaiure,  anrj  crtenai  P sub  02  P sub 
C02  and  pH  were  made  at  rest  and  from  the  12th-l5th  mmule 
of  steady  state  exerc  se  m the  supme  P sub  02  position  Increases 
in  V sub  £ V sub  02  and  Y sub  C02  were  linear  m response  to 
increasing  work  load  for  dll  experimental  condilior>s  but  the  average 
magnitudes  of  these  parameters  at  similar  work  loads  wu'e 
ess  mtially  equal  m acu'9  and  chrome  hypercapnia  At  each  work 
loeri  average  V sub  t as  higher  and  average  V sub  C02  was 
lower  ir.  hype'capnid  than  the  corresponding  values  ir»  air  Average 
V sub  02  and  pulse  rate  varied  little  for  the  same  wor)<  load  m 
the  differer^t  experimental  conditions  The  differences  between 
mean  artend)  P sub  C02  dunng  acute  and  chronic  hypercapnia  and 
arterial  P sur>  C02  dunng  dir  breaihmg  increased  progressively  with 
increasing  work  load  Decreases  m arterial  pH  from  resting  control 
values  were  also  progressive  /.ith  increasing  work  load,  but  were 
suT-itar  «n  magnitude  for  the  in-ee  expenrrental  conditions  owing 
to  differences  m metabolic  acidosts  Author 

N71  20371*J^  National  Aeronautics  and  Space  Administration 
Ames  Research  Center  Moflett  Field  CaM 
VOLITIONAL  CONTROL  OF  VISUAL  ACCOMMODATION 
Robert  J Randle  in  AGARD  Adaptation  and  Acclimatisation  m 
Aerospace  Med  Mar  1971  I 3 t>  refs  1 See  N 7 1 7.035 1 09  0 1 ) 
(NASA  TM  X 669551  Avail  NTiS  CSCl06P 

Rp^parrh  was  conducted  m an  attempt  to  snow  that  volitional 
control  IS  possible  m most  indn  iduflls  when  feedback  is  provided 
which  indicates  to  t’le  subiect  hr.  p-esent  accommodation  love' 
the  ^eedt.ack  was  provided  bv  mcKi'itating  an  audio  oscillator  with  Iht 
Ciitpul  of  1 servo  controlled  mh.  -d  optometer  whict'  ^'-tmuously 
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monitortd  ftfractive  stale  of  the  subiecl's  eye  Six  youog  males 
vytth  ncfmal  vistcn  were  trained  to  control  iheir  accommodation 
first  using  a tone  and  then  without  it  A specific  task  they 
learned  was  to  accommodate  toward  0 diopters  when  a ?-diopter 
checkerboard  target  wa^  axtmguished  and  they  viewed  a dark 
empty  field  Their  performance  was  comparad  agamsi  six  untrairved 
subiects  on  two  dark  empty  field  test  tasks  Tha  tasks  ware  (1)  to 
maintain  infinity  focus  whil«  viewing  a dark  empty  field  for  3 
mmues  and  (2)  to  go  to  infinity  locus  from  a 3 diopter  target  when 
It  was  extinguished  end  a dark  field  ensued  during  a 3 minute 
period  A statistical  analysis  of  the  results  showed  that  the  trained 
group  made  Significant  reductions  in  thetr  dark  field  myopia  under 
these  conditions  but  the  untrained  subiects  did  not  Author 


N72-24068I  Advrsory  Qioup  for  Aerospace  Research  aod 
Oeveiopmeni.  Pans  (FrarKa) 

ACROMCDICAL  HANDBOOK  FOR  AIRCREW 
T G Dobre  Mar  1972  226  p 
(AGARO-AG  154)  Avail  NTlS  HCS1350 

An  aaromedical  handbook,  designed  to  provide  information 
on  the  variout  aspects  of  aviation  mediCtne  thai  affect  aircrew 
tasks.  IS  presented  Data  cover  mantel  and  physical  health, 
affects  of  ncHSe.  survivei  measures,  high  attitude  breethir>g. 
preventive  medicirw.  arid  various  other  protective  meesures 
nacassary  for  a safe  flight  E H W 


N72-2S031#  Advisory  Group  for  Aerospace  Research  and 
Oevatopment  Paris  (France) 

THE  DISORIENTATION  INCIDENT,  PART  1 
A j Benson,  ed  (Royal  Air  Force  Inst  of  Aviation  Med  ) Mar 
1972  134  o refs  Presented  at  Aarosoece  Med  Panel 

Specialist  Meeting.  Luchon.  France.  28  Sep  1371 
iAGARO-CP-95  Pt  l)  Avail  NTlS  HCS8  75 

The  proceedings  of  a conference  on  spatial  ddonentation 
are  presented  The  subiects  discussed  are  (1)  deKriptton  and 
analysis  of  disonenta(ion  incidents.  (2)  orientation  error  accidents. 
(3)  ireming  procedures  and  (4)  laboratory  studies  The 
presentations  were  given  m 16  repodi  The  principal  fir^mgs 
and  recommendations  are  Summarized  m a technical  evaluation 
report  For  individual  titles,  see  N72-25032  through 
N72r?5047 


N72  25032**  San  Jose  State  Coll  Calif 

DISORIENTATION  INCIDENTS  REPORT  BY  MILITARY 
PILOTS  ACROSS  14  YEARS  OF  FLIGHT 
Brant  Clark  in  AGARO  The  Disorientation  Incident.  Pea  t 
Var  13/2  7^  .-efi  !S«c  W72-25C31  IF  04) 

(Grant  NGL-05  046  002) 

(NASA  CR  126786)  Avail  NliS  HC  $3  00  CSCL06S 

The  historical  background  of  spatiul  diaonentation  problema 
among  dying  personnel  is  discussed  decent  incidents  involving 
d'SorMintation  >n  flight  were  compared  with  incidents  reported  14 
years  earlier  The  incidents  were  very  similar  for  various  types  of 
aircraft  The  findings  suggest  tha>  disorientation  is  currently 
experienced  m a wide  variety  of  flight  operations  end  will 
continue  to  be  experienced  by  Hying  personriel  as  an  ui'correcteble 
flight  ha/rifd  /luthor 


N72  25033/If  Royal  Air  Force  Famborough  (England) 

A REVIEW  OF  UNITED  KINGDOM  (RAF  AND  ARMY) 
STATISTICS  ON  SPATIAL  DISORIENTATION  IN  FLIGHT 
1960  1970 

R G Lofting  In  AGARO  The  Disorientation  Incident.  Part  1 
Mar  1972  6 p (See  N72  25031  16  04) 

Avail  NTlS  HCS8  75 

An  analysis  of  spatial  disorientation  incidents  among  pilots 
of  the  Royal  Air  Force  is  presented  Subiects  discussed  are  (1) 
disorientation  s'ati'jtxs  (?)  aircraft  types  involved  m disorienva- 
non  occurrences  ("))  classification  of  disorientation  accidents.  (4) 
classification  of  disorientation  occj/rences.  and  (5)  relevant 
aircraft  desigr^  features  leaomg  »o  disorientation  Author 


N72*26034/|l  Navai  Aerospace  Medical  Research  tab  . Pensacola. 
Fla 

ORIENTATION  ERROR  ACCIDENTS  IN  ARMY  AVIATION 
AIRCRAFT 

Carroll  Hisson,  Jorma  I Nivan.  and  Emit  Spetia  (Army  Board 
for  Aviation  Accident  Res  ) In  AGARO  The  Oisooentancn 
tncideni.  Part  1 Mar  1972  16  p refs  (See  N72-25031 

1604) 

Avail  NTlS  HC  $8  75 

To  initiate  the  action  nacassary  to  astabiish  the  magnitude 
of  the  oneniaiion  error  problem  in  Army  eviatioo.  en  interservice 
research  program  was  organized  under  tha  lomt  sponsorship  of 
the  U S Army  Aaromedical  Research  Laboratory,  the  U S 
Army  Board  for  Aviation  Accidani  Research,  and  the  Navel 
Aerospace  Medical  Research  Laboratory  The  first  step  was  the 
construction  of  an  operational  definition  of  an  orientation-error 
eccident  The  asaimilation  of  data  pertaining  to  tha  incidanca  and 
cause  of  such  accidents  and  thmr  actual  ar.d  relaii«a  costs  m 
terms  of  fatalities,  injuries  and  aircraft  damage  was  then  set  as 
the  working  objective  of  the  program  Accordingly,  ths'  decision 
wes  made  to  implsment  a five-year  longitudinal  study  of  all 
major  a.id  minor  oneniation-ertor  accidents  involving  Army 
avietion  flight  operations  beginning  with  July  1966  Incidence 
arvd  cost  data  are  presented  for  ell  Army  aviation  major  and 
minor  orientation  error  accidents  delected  m the  search  of  the 
accident  files  for  the  period  July  1966  to  July  1967  Separate 
ar>d  totalized  statistical  data  are  provided  for  fixed  wing  and 
rotary  wing  aircraft  at  wall  as  for  accidents  occurring  m Vietnam 
artd  those  occurring  elsewhere  Author 


N72*25035)f  Bureau  ol  Medicine  and  Surgery.  Washington 
DC 

DISORIENTATION.  FACT  AND  FANCY 

Paul  E Tylei  ar>d  Paul  A Furr  In  AGARD  Tha  0 isorienfation 
Incident  Pad  1 Mar  1972  6 p refs  (See  N72-25031  16-04) 

Avail  NTlS  HCS8  75 

Tha  experiences  of  2.000  naval  aviators  with  disoneniation 
during  venous  flight  conditions  are  presented  An  analysis  of  ail 
naval  flight  accidents  for  calendar  yea'  1969  m which  a 
disorieniation  incident  contributed  lo  the  accident  was  made  M 
IS  shown  that  the  majority  of  accidents  coded  as  related  to 
discriemaimn  were  erroneously  coded  It  wes  concluded  that 
approximately  96  percent  of  aviators  experience  disonentation  at 
some  time  but  that  this  disorientation  coninbjtes  to  a very 
small  percentage  of  the  accidents  Author 


N72-26036e  Navel  Air  Station.  Norfolk.  Va  Safety  Canter 
PSVCH0PHV8I0  LOGICAL  AND  ENVIRONMENTAL 
FACTORS  AFFECTING  DISORIENTATIONS  IN  NAVAL 
AIRCRAFT  ACCIDENTS 

Earl  M Ninew  William  r Cunn*ngham.  and  Frederick  A 
RadcliHe  in  AGARD  The  Disorientation  Incident.  Part  1 Mar 
1972  4 p refs  I5ee  N72  25031  16  04) 

Avail  NTlS  HC$8  75 

Psychophysiological  and  environmental  factors.  12  m number, 
which  moot  affect  disoneniation  related  mishaps  are  presented 
These  factors  era  listed  in  order  of  number  of  occurrence  and  it 
IS  indicated  thei  of:en  multiple  factors  are  coded  m conjunction 
With  disorientation  Examples  of  disonentation  related  mishaps 
are  presented  to  demonstrate  psychophysiological  and 
environmental  factor  involvement  A graph  comparing  attack  and 
fighter  pilot  flighi  exposure  to  disorientation  mishaps  is  charted 
to  demonstrate  the  efTeci  of  experience  upon  control  of 
disorientation  The  chan  indicates  that  flight  experience  does 
play  a role  m deterring  of  disonentation  mishaps  Author 

N72  25037)»  Naval  Air  Development  Center.  Johnsville,  Pa 
Crew  Systems  Dept 

OlSORIENTIWQ  EFFECTS  OF  AIRCRAFT  CATAPULT 
LAUNCHINGS 

Malcolm  M Cohen  Richard  J Crosbie  and  Laurence  H 
Blackburn  In  AGARO  The  D»sorientaiion  Incident.  Pan  1 Mar 
1972  6 p refs  (See  N/2  25031  16  041 

Ava.l  NTlS  HCS8  75 
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A human  cantnfuge  facility  was  uaad  to  s«mulata  iha 
acceleratK>n  profiles  encountered  m aircraft  catapult  launchings 
Twelve  subfecta  attempted  to  keep  a continuously  nr^oving  target 
at  subiective  eye  level  before,  during,  and  after  exposure  to 
Simulated  catapult  laur'ch  accelerations  Results  demonstrated 
that  subiective  eye  level  was  changed  by  exposure  to  ihe 
accelerative  forces  The  change  m subiective  eye  level  persisted, 
in  some  cases,  for  as  long  as  thrae  minutes  aher  the  simulated 
launch  sequer>ce  wss  completed  The  results  are  discussed  m 
terms  of  the  effects  of  rotatad  acceleration  vectors  on  human 
spatial  oriantation  and  tha  data  are  'elated  to  certain  types  of 
aircraft  losses  that  have  been  reported  following  catapult 
launchings  at  mghi  Author 


N72-2G038/V  Aerospace  Medical  Research  Labs.  Wright- 
Patterson  AF8.  Ohio 

EFFECTS  OF  ACOUSTIC  STIMULI  ON  THE  VESTIBULAR 
SYSTEM 

C Stanley  Harris  M AGARD  The  Disorientation  Incident.  Pad  1 
Mar  1972  lip  refs  (See  N72  2S031  16  04) 

(AMRL  TR  71-581  Avail  NTIS  HC  $8  76 

Tha  effects  of  noise  intensity  on  the  human  vestibular 
system  with  resultant  d.sor:entation.  nausea,  and  diinness  are 
discussed  The  response  of  h-iman  subiects  to  accustic  stimuli 
wss  measured  using  nystagmorgraphy.  vertical  perception,  and  a 
rail  test  of  human  equilibrium  Oecremenis  in  performance  of  20 
to  35  percent  were  obramed  m high  intensity  noise  of  140 
decibels  even  when  subiects  wore  ear  protectors  Sound  levels 
as  low  as  lOO  decibels  were  fourvd  to  produce  an  adverse  effect 
or)  task  performance  It  was  also  determined  *hat  noise  levels 
a*tfct  human  equilibrium  ai  levels  beicw  those  whicn  will 
damage  hearing  Author 


N72  25039?  Institute  of  A/iat’O”  Med'cine.  Fuerstenfeldb'uck 
tWest  Germany! 

ALCOHOL  tNOUCEO  POSTROTATORV  FIXATIONAL 
nystagmus,  a TnAINING  FILM  ON  A SIMPLE  METHOD 
OF  DETECTING  SLIGHT  ALCOHOLIC  INTOXICATIONS  IN 
PILOTS 

G Frocl-lich  m AGARD  ''ha  OisoMsniatioo  Incident.  Pad  1 
Mai  1972  3 o rels  (See  N72  25031  16  041 

Avail  NTiS  HC  S8  75 

A method  lot  datecting  mooeiate  alcoholic  intoxication  in 
human  subiects  15  presented  The  method  is  based  on  observation 
of  incbilily  of  intoxicated  subject  to  suppress  postrotatory 
fixational  Tiystagmus  The  subiect.  >n  9 standing  position  is 
turned  around  his  vertical  axis  five  t-mes  within  ten  seconds  with 
his  eyes  open  m a normally  illurriinaied  room  When  the  subiect 
is  slopped  and  asked  to  fix  his  vision  on  the  exar.nner  s finger 
held  about  25  centimeters  m front  of  his  eyes,  the  intoxicated 
suDiecT  wiii  be  unable  to  fixate  The  method  mvoived  w«s 
de  ooostratBO  by  a motion  picture  Author 


N72-2S040i?  Aerospace  Medical  Research  Labs  Wright 
Patterson  AFB.  Ohio 

ANALYSIS  OF  THE  VESTIBUlO  OCULAR  COUNTERROLL 
REFLEX  IN  PRIMATES 

A M Junker.  C R fteplogle.  K A SniHes.  R 0 Brown  and  K 
H Wheeler  (AF  Inst  of  Technol ) In  AGARD  The  Oisorientstion 
incident.  Part  1 Mar  1972  10  p refs  (See  N72  25031 

16  04) 

(AMRL  TR  7159)  Avail  NTIS  HC  $8  75 

The  vestibulo-ocular  reflex  manifest  by  counterroll  was  used 
to  determine  the  response  dynarnics  of  the  vestibular  systern  and 
alterations  m these  dynamics  subsequent  to  « Gx  acceleration 
exposure  Six  rhesus  monkeys  were  tosted  before  end  after 
acceleration  exposure  to  determine  if  significant  changes  had 
occurred  in  the  vesiibulo  cculer  counterroll  reflex  The  tests 
consisted  of  constant  speed  rotation,  pendular  oscillations  and 
multiple  ame  wave  oscillations  about  the  subiect  s cydopean 
axis  Ocular  counterroH  was  recorded  using  a linear  resolver 
mechanically  fixed  to  the  monkey  s eyeball  There  is  no  significant 
decrease  m the  system  gstn  with  inputs  up  to  1 Hz  The 
observed  phase  lag  can  be  accounted  for  by  a time  delay  of 


approximately  0 2 sacor>ds.  end  there  n no  significeot  response 
alteration  caused  by  accelaration  loadmg  up  to  75  4 Gx  Author 


N72-26641I  Advisory  Group  for  Aerospace  Research  er>d 
Oevelopment.  Peris  (Frencei 

TWO  SPECIFIC  KINDS  OF  DISORIENTATION  INCIDENTS 
JET  UPSET  AND  OIANT  HAND 

R Malcolm  end  K £ Money  In  its  The  Disorientation  ir  cident. 
Parti  Mar  1972  4 p reft  (Sea  N72  2503 1 16  04) 

Avail  NTIS  HCS8  75 

In  certain  circurnstarces  (instrument  flying  conditions  and 
severe  turbulor.ee).  an  inappropriate  pilot  input  to  aucraft 
controls  leads  to  a dangerous  nose  down  attitude  of  the  aircraft 
There  have  been  something  m excess  of  26  of  these  let  upsets 
in  Similar  circumstances  there  have  been  a few  reports  of  whai 
can  be  called  the  Giant  Hard  phenomenon,  in  which  the  pilot 
reports  that  the  aircrdh  controU  are  forced  into  an  extreme 
poeition  and  held  there  as  if  by  a giant  hand  Presipildtmg 
circumstances  and  underlying  mechanisms  of  these  two  kmd>  of 
incidents  are  discussed,  arid  some  unpublished  experimental 
observaitons  are  presented  Author 


N72-26042)ii  Royal  Air  Force  Inst  of  Aviation  Medicine. 
Farr.borough  (England) 

SPATIAL  DISORIENTATION  AND  THE  BREAK  OFF 
PHENOMENA 

A J Benson  In  AGARD  The  Disorientation  Incident.  Part  1 
Mar  1972  11  p refs  (See  N72  25031  16  04) 

Avail  NTIS  HC$87S 

Reports  of  aircraft  pilots  concerning  occurrence  of 
ditor»er)tation  wilh  subsequent  feelings  of  unreality  and 
deiachment  are  analyzed  It  was  determined  that  tha  'eactons 
occurred  during  monotonous  phases  of  flight  m conditions  where 
evlemel  visual  ortenteiion  cues  ware  restricted  Evidence  is 
presented  which  suggests  the  spatial  disorientation  occurring  as 
a concomitant  of  break  oH  was  caused  by  mmor  degrees  of 
veetibuler  asymmetry  The  high  incidence  of  anxiety  reactions 
supports  the  view  that  m susceptible  individuals  break  off  can  be 
both  a orecipitant  and  a manifestation  of  anxiety  neurosis 

Author 


N72'25043/lf  Naval  Submarine  Medical  ('enter.  Groton.  Conn 
Research  Lab 
VERTIGO  IN  DIVERS 

C F GeM  In  AGARD  The  Disoneniation  Incident.  Part  1 Mar 
1972  4 p refs  (See  N72-25031  16  04) 

Avail  NTIS  HC  S8  75 

The  occurrence  of  vertigo  in  hyperbaric  atmospheres  and 
with  underwater  divers  is  discussed  Theories  ere  presented  to 
explain  the  etrology  of  these  cvc.nts  Some  of  the  thec'^ies  a'9 
(II  berouauma.  (2)  damage  from  the  formation  of  bubbles.  (3) 
hyperemra  and  hemorrhage.  (41  unusual  displacement  of  the 
stapes.  (51  caloric  stimulation.  (6)  slow  movement  of  the  ear 
drum  and  ossiclas  causing  eddy  currents.  (7(  performance  of  the 
velsaive  maneuver,  end  (8)  disturbed  labrynthian  function 

Author 


N72-26044#  Naval  Aerospace  Medical  Research  Lab  . Pensacola. 
Fla 

THEORY  OF  DEVELOPMENT  OF  REACTIONS  TO  WHOLE 
BODY  MOTION  CONSIDERED  IN  RELATION  TO 
8EUCTI0N,  ASSIGNMENT.  AND  TRAINING  OF  FLIGHT 

personnel 

Fred  t oundry  Jr  In  AGARO  The  Disorientation  Incrdent. 

Part  1 Mar  1972  17  p refs  (See  N/?  25031  lC04) 

Avail  NTIS  HC  SB  75 

A speculative  theory,  dealing  with  the  development  of 
raaciions  to  whole  body  motion.  >$  ouiimed  Functional  aspects 
of  reactions  ai  several  stages  of  maiuration  era  considered  in 
relation  to  condihomng  mechenismr.  which  are.  rr  turn,  related  to 
individual  differences  m development  of  motion  raacirviry. 
personality,  and  cognitive  functioi  Unnatural  feedback  resulting 
from  passive  motion  is  discussed  m relation  to  different  control 
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IMkt  p«rfo<in«(l  m dilfarant  |0b  *Mionm«nt«  tod  m .tlalian  lo 
individual  dif>*f«nc«v  m raacnont  to  motion  Adaptation  to  ttia 
unnatural  whola-bodv  movamant  o)  (light  ••  conaidarad  m ttua 
contait  and  in  ralation  to  axpanmanta  Jluttrating  that  aubatantial 
changaa  m laacnont  to  motion  can  ba  accomplohad  through 
habituation.  Aviator  aalaction  tattt.  oanonality  laatt.  flight 
aplituda  latti.  and  lavaral  catagonat  o<  training  ara  conaidarad 
m ralation  to  tha  thaoratical  conatructt  Author 


N72-360AS|H  Civil  Aaromadical  ln$t . Oklahoma  City.  OUa 
Ptychologv  Lab 

hHACTlCAl  TECHNIQUES  FOR  DISORIENTATION 
FAMIUARIZATION  AND  THE  INFLUENCE  OF  VISUAL 
REFERENCE  AND  ALCOHOL  ON  DISORIENTATION- 
RELATED  RESPONSES 

WWiam  E Colima  In  AGARO  Tha  Oiaonantation  Incidant.  Part 
1 Mar  1972  10  p rata  <$aa  N72-2S031  16-041 

Avail  NTIS 

Tachniquea  and  procaduraa  for  providing  on-tha-ground 
(amiliardalion  ol  aviation  paraonnal  with  tha  aflacta  of 
daoriantation  are  diacuaaad  Tha  procaduraa  ara  ralatwalv 
inai4>anaiva.  affective  for  both  participanta  and  obaarvara.  and 
ara  readily  accepted  by  aviatora  aa  partmant  to  the  amation 
aituation  Tha  extant  to  which  diaoriantation  la  affected  by  tha 
typa  ol  viaual  informetion  availabta  lo  the  pilot  la  axaminad 
undar  normal  conditiona  and  when  alcohol  la  involvad  Waya  of 
damonatraiing  tha  daletarioua  effacta  of  alcohol  ara  daacribad 

Author 


N72-2B04t^  Royal  Air  Force  Central  Medical  EatabliahfTiant. 
London  (England) 

THE  disorientation  ACCIDENT:  PHILOSOPHY  OF 

INSTRUMENT  FLVINO  TRAINING 

T G Oobia  In  AGARO  The  Oiaonantation  Incidant.  Part  1 
Mar  1972  4 p rela  (See  N72  2S031  16  04) 

AvaM  NTIS  HC  S8  7S 

Panama  of  diaonantanon  oecurrancaa  in  tha  United  Kingdom 
RAF  and  Army  lor  tha  period  1960-1970  are  axaminad  in  order 
to  formulate  poaaible  axplanationa  and  racommandationa 
concerning,  m particular,  tha  pmioaophy  of  inatrument  flight 
traming  Tha  aircraft  typaa  moat  commonly  involvad  and  the 
circumetancaa  confirm  tha  likelihood  of  aanaory  incongruity  bamg 
a contributory  factor  m tha  meiority  of  ceaaa  The  undarfymg 
drflarencaa  between  primary  and  aacondary  diaoriantaton  era 
dwcuaaao  The  predominant  emphaaia  both  in  aaromadical 
indoctrination  and  inatrument  flying  practice  la  concarnari  with 
preventing  primary  apatial  diaociantation.  but  meufficiani  effort  la 
made  towarda  anauring  that  pnmary  diaonantation  whan  it 
occura.  doea  not  develop  into  tha  dangaroua  aacondary  ataga 
Tha  varioua  mathoda  ol  aimulation  ol  inatrument  flying  are 
axami-ned  A'jtho' 


N72-26047||l  Adviaory  Group  for  Aeroapace  Reaaarch  and 
Oevelopmeni.  Pane  (Franca) 

CUNICAL  EVALUATION  AND  TREATMENT  OF  DIS- 
ORIENTATION IN  AIRCREW 

P J OConnor  In  its  The  Oiaorientaiion  Incident.  Pen  1 Mar 
1672  6 p (See  N72  26031  16  04) 

Avari  NTIS  HCSS  7S 

Tha  clinical  evaluation  end  medical  treatment  of  diaonantation 
problema  m flying  paraonnal  are  diacuaaad  It  waa  datarminad 
that  diaonantation  occura  moat  frequently  in  agaa  between  30 
and  60  Tha  aymptomi  were  dividad  into  (1)  mcraaead  aanaory 
input.  (2)  decraaaed  aanaory  input,  and  13)  diaturbad  central 
thought  proceaaea.  Treatment  waa  by  explanation  and  raaaauranca 
with  the  addition  of  rehabilitation  flying  and  treatment  of 
aeaeciited  paychiatnc  diaordara  Of  the  90  caaaa  treated.  64 
returned  to  full  flying  duty.  Author 


N72-2B<MS|  Adviaory  Group  for  Aeroapace  Raaaaich  and 
Devatopmam.  Pane  (Franca) 

IMPROVED  AND  SIMPUFIED  METHODS  FOR  THE 
CUNICAL  EVALUATION  OF  AIRCREW.  PART  2 


Halni  S.  Fueha,  ad.  (AF  Hoapital  Inapaction  SyaUm.  Waat 
Oarmany)  Mar  1972  81  p refa  Maatty  in  ENGUS.I.  partly  in 
FRENCH  Praaantad  at  tha  Leroapaca  Mad.  Panel  Specialiat 
Meeting.  Luchon.  France.  29-30  Sap  1971 
(AQARD-CP-BS-Pt-2)  Avail:  NTIS  HC  S6 76 

Practical  aaromadical  raquirementa  are  diacuaaad  in  the 
areaa  of  caidioroapiratoiy  aaaaaamant.  anthropometric  mathoda. 
bioetMmical  anahraea.  X-ray  anamirMtiona.  and  apacial  viaual 
imaetigation  mathoda  For  individua:  titlaa.  aee  N72-26049 
through  N72-2SOM 

N72-2S049I  Reach  Army  Hoapital.  Fort  Wolteri.  Tex 
MEDICAL  EUMINATION  OF  STUDENTS  UNDEROOING 
PRIMARY  PUOHT  TRAINING 

Guthrie  I.  Turner.  Jr.  and  Enc  E.  Lindatrom  In  AGARO 
Improved  and  Simplifiad  Mathoda  for  tha  Om  Evaluation  of 
Aircraw.  Part  2 Mar  1972  5 p refa  (See  N72-26048  1b  04) 

Avail  NTIS  HC  S6  26 

A group  of  6.279  atudant  aviatora  ware  proceaaod  for 
primary  halicoptar  training  All  had  undergone  the  initial  Oaaa  1 
or  I A flight  phyaical  examination  lor  flying  and  wc.a  found 
qualified  Studenta  eliminated  durmg  calande'  year  1 970  from  all 
cauaea  totaled  1.410  Of  thia  number  168  wera  eliminated  lor 
medicat  cauaea  Eye  defecta.  ear.  noae  and  throat  defecta.  and 
nauropeychiatric  abnormalitiea  accounted  lor  63.8%  of  the 
medical  alimmationa.  Of  tha  168  atudent  aviatora  eliminated.  87 
had  medical  dafacta  that  ware  probabty  detectaols  on  tha  initial 
flight  phyaical  Author 


N72-260flO])l  Inatituta  of  Aviation  Medicine.  Fueratenla'dbruck 
(Waat  Garmeny) 

WHAT  IS  THE  MEANING  OF  THE  MASTER  STEP  TEST  IN 
EXAMINATIONS  TO  DETERMINE  THE  FITNESS  FOR 
MIUTARV  FLVINO  DUTY 

H W.  Kirchhc.T  and  A Oieo  In  AGARO  Improved  and 
Simplified  Mathoda  for  the  Clin  Evaluanon  ol  Aircrew.  Pan  2 
Mar  1672  3 p (See  N72  26048  16-04) 

Avail  NTIS  HC  S6  26 

long  term  examinaliona  by  meena  ol  an  ECG  were 
conducted  on  approximately  1000  pilota  between  18  and  60 
yeara  of  age  For  the  period  of  the  paai  14  yeara.  at  leaai  8 
ECG'a  wore  obtained  for  each  pilot  The  exammationa  revealed 
the  following  reaulta  (1)  Abnormal  or  conapicuoua  ECG 
eheretiona  ara  found  to  a amall  extent  in  teata  at  real  and  in 
maater  teata  (2)  The  number  of  conapicuoua  ECG  findinga 
incraaaae  with  age  It  bacema  evident  that  apacial  examinaliona. 
auch  aa  ergomatar  or  hypoxia  ECG.  rnore  frvquenity  indicate 
abnormal  ECG  alterationa  than  the  routine  procedurea  Uaa  ol 
the  meatar  teat  la  recommended  only  m routine  axaminalxina 
from  the  36th  year  of  age  on  Author 


N72-280B1||I  Inatituta  of  Aviation  Medicine.  Fueratenleldbruck 
(Waal  Germany) 

USE  OF  LONGTERM  ECG  IN  AVIATION  MEDICINE 

A Oieu  and  H W Kirchhcfl  In  AGARD  Improved  and 
Simplified  Malhoda  lor  the  Cfm  Evaluation  ol  Aircrew.  Pert  2 
Mar  1972  e p lefe  (See  N72  26048  18  04) 

Avail  NTIS  HCS6  26 

A ona-channei  ponabla  tape  recording  eyaiem  lor  long  term 
ECG  recording  la  deaciibad  ^a  poaaibilitiea  ol  applicaiion  ol 
auch  a ayatem  n the  aximinatxm  and  aaaaaamant  ol  flying 
paraonnal  ii  conaxferad  Topica  diacuaaad  include  (1) 
aupplcmantation  ol  ECG  disgnoiiici  in  examinaiions  to  determine 
fitneae  for  military  Hying  duly.  (21  longitudinal  obsarvetiont  for 
ecieniific  clerilication  ol  certain  ECG  altarationj.  (3)  inflight  ECG 
exeminetiona.  and  (4)  heart  rate  registration  during  soecial 
examinaliona  m aviation  psychology,  and  naming  affecia  on 
heart  rate  Author 


N72-2b062e  Irisiitulu  ol  Aviation  Vedio-ne.  ruarstanleldb.'uck 
(Waat  Germany) 

THE  AUTOMATIC  ANALYSIS  OF  THE  ECO  AT  REST. 
DURING  AND  AFTER  EXERCISE  WITH  TWO  DIFFERENT 
COMPUTER  SYSTEMS 


74 
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J Zip4#<.  J.  D M«v«f-£rk^aru.  C V Kirschbtur^.  and  H.  W. 
Kirchhoff  /n  AGARO  Improved  and  Simplified  Method*  for  (he 
Qm  Eveluetion  of  Aircrew.  Part  2 Mar  1972  6 p (Saa 

N72-26048  1604» 

Avail  NTIS  HCS6  2S 

The  quality  of  various  lead  aystems  and  computer  programa 
for  ECG  dtagnoais  ta  considered  For  the  evaluation  o^  the 
standard  leads,  the  Minnesota  system  can  be  used  The  program 
ol  Arwedson  was  used  for  the  Frank  system,  which  is  particularly 
suitable  for  computer  The  ECG  was  recorded  at  rest  arvl  during 
esercisa  to  detact  tha  beginning  of  coronary  artery  disease  The 
quarttifiad  ergometar  work  Iced  was  used  as  exercise  Attertiion 
waa  directed  towards  the  evaluation  of  ST  T changes  The 
results  were  compared  with  the  diagnosis  of  a cardiology  taam 
for  the  two  computers  It  is  concluded  that  at  rest  and  m the 
postexercise  period,  the  use  of  both  computer  systems  •$ 
justified  Author 


N72-260S3/|I  School  of  Aerotpace  Medicine.  Brooks  AFB.  Tex 

extended  ELECTROCAROiOCRAPHIC  monitoring 
WITH  emphasis  on  COMPUTER  ANAtYSiS  OF  THE 
RECORDS 

Will  H Walter.  III.  Eric  0 Grassman.  F.dwa  d J Engelken. 
aivd  V.alcOim  C Lancaster  M AGARO  Improved  a«xl  Simplified 
Methods  for  the  Om  Evf'ustion  of  Aircrew.  Part  2 Mar  1972 
S p refs  (See  N72  25048  16  04) 

Avail  NTIS  HCS6  25 

The  use  of  contir^uous  6 to  8 hour  tape -recorded 
electrocardiograms  m the  evaluation  of  patients  with  known  or 
Suspected  cardiac  disorders  proved  to  be  of  value  All  of  the 
preseoi  coMmercialiy  available  equipment  requires  that  a physiciar^ 
parsonjlly  review  each  6 to  8 hour  tape  These  tapes  may  be 
scanned  at  36  to  60  times  real  (ime.  and  suspicious  portions 
rnar  ^ repioduced  m eqj.vaSer.t  r«a!  '.'me  In  an  effort  to 
accurately  detect,  count,  and  classify  atypical  ventricular 
depolariiation  complexes,  an  analog  computer  program  wes 
developed  Author 

N72-260S4#  Royal  Air  Force  Hospital.  Wegberg  (West  Germany) 
PROBUM8  IN  THE  CLINICAL  ASSESSMENT  OF  RAISED 
ARTERIAL  BLOOD  PRESSURE  IN  AIRCREW 
J N.  C Cooke  In  ACARO  Improved  and  Simplified  Methods 
for  the  Oin  Evaluation  of  Aircrew.  Pan  2 Mar  1972  3 p 

refs  (See  N72  25048  16  04) 

Aviil  NTIS  HC  $6  25 

The  further  assessment  of  apparently  raised  blood  pressure 
levels  found  on  routine  examination  of  aircrew  members  is 
considered  The  initial  problem  is  posed  by  difficulties  «n 
establishing  definite  limits  of  normalcy  and  m fixing  any  level  of 
blood  pressure  the!  divides  health  from  disease  In  the  Fovsl  Air 
Force,  a consultant  physician  makes  an  initial  clinical  assessment 
end  decrdes  if  there  is  a requirement  for  detailed  investigation 
This  investigation  consists  of  a standardized  comprehensive 
search  (or  possible  causes  for  a ri$e  m blood  pressure  and  for 
associated  pathological  conditions  After  this  invesiigatK)n  a 
fiumber  of  subjects  remain  whose  fitness  for  lurlher  flying  must 
be  judged  upon  their  blood  pressure  alone  These  figures  are 
lubjeci  to  great  variability,  compounded  by  known  factors  of 
anxiety,  tension,  observer  error,  and  environmental  influences 
Some  of  iFese  problems  might  be  reduced  by  repeated  recordings 
under  standardized  conditior*  and  the  use  of  automatic  cuH 
recorders  m the  hope  that  comparisons  over  varying  tirne 
intervals  may  show  up  dear  fiends  of  improvement  or  detei  oration 
in  an  individual  Final  disposal  still  depends  largely  on  the 
statistical  evidence  for  increased  moaality  and  morbidity 
associated  with  raised  blood  pressure  levels  and  the  resultant 
need  to  institute  treatment  Author 


N72-2B066*'  Institute  of  Aviation  Medicme.  Fuerstenfeidhruck 
(West  Germany) 

A SIMPLIFIED  AND  IMPROVED  METHOD  FOR  OPERA 
TIONAL  ANTHROPOMETRIC  PROGRAMMES  c06 

H J Grunhofer  In  AGARD  Improved  and  Simplified  Methods 
lor  the  Cm  evaluation  of  Aircrew.  Pah  2 Mar  1972  8 p 

Avail  NTIS  HC  $6  25 


The  operational  significance  of  antropometric  data  is  ! r 

demonstratad  by  an  example  o*  consequences  following  tne  | 

introduction  of  an  ajection  seat  m an  aircraft  Sevarai  simplified  j 

measuring  davicas  and  techniques  ar#  discussed  A device  lor  | V 

the  application  ol  anthropometric  data  and  for  madical  ! 

re-evaluation  of  pilots  with  possible  functional  impairments  is  ] 

discussed  Author 

! 'i 

I 

N72'26066/if  Centre  Principal  d'Expartises  Medicates  du 
Personnel  Navigant.  Paris  (Prance) 

RADIOLOGICAL  EXAMINATION  OF  THE  SPINE  AND  THE 
COMBAT  PILOTS  CAPABILITY  FOR  DUTY  lEXAMEN 
RADIOLOOIOUE  DU  RACHIS  ET  APTITUDE  A LEMPLOl  ^ 

OE  PILOTS  DE  COMBAT) 

R P Daiahaye.  G GueHier.  and  P J Melges  In  AGARD 
Improved  and  Simplified  Methods  for  the  Clm  Evaluation  of 
Aircriw.  Pan  2 Mar  1972  10  p refs  In  FRENCH  (See 

N72  25048  16-04) 

Avail  NTIS  HC  S6  25  ! 

The  radiological  exarr^mation  of  the  spine  during  entrance 
(itrwss  examtnations  of  flymg  personnel  ■&  discussed  The  limiting 
scoliotic  angle  for  combat  flight  was  determined  to  be  10  ^ 

degieet.  beyorvd  which  thare  is  danger  of  injury  m the  case  of 
ejection  from  tha  aircraft  TransI  by  K.PO 


N72  26067^e  National  Aeronautics  and  Space  Administration. 
Washington.  0 C 

A SIMPLIFIED  SPACE  TECHNOLOGY  METHOD  FOR 
CLINICAL  AIRCREW  MEASUREMENT  OF  FUNCTIONAL 
RESPIRATORY  VALUES 

Walton  I Jonas  and  B M Bushman  fParkin-Fimar  Corp . 
Pomona.  Calif)  M AGARO  Improved  and  Simplif>ed  Methods 
for  tha  CJ:r.  Evaluation  of  Aircrew  Pan  2 Mar  1972  1 1 p 

ISee  N72  25048  16-04i 

(NASA-TM  X 68370)  Avail  NTIS  HCS300  CSCL  06E 

A versatile,  rapid,  reliable  respiratory  gas  analyzer  based  on 
mass  apectrometar  principles  was  rieveloped  (or  air  crew 
pulmonary  function  maasuremant  The  instrument  can  provide  e 
continuous  and  simultaneous  analysis  of  up  to  eight  gates  useful 
in  pulmonary  function  evaluation  The  prmcipal  gates  include 
oxygen,  carbon  dioxide,  nitrogen,  and  water  vapor  The  instrument 
•s  tuited  to  a>r  crew  and  space  cabm  applications  because  (i) 
The  Quantity  ol  gas  diverted  to  the  mass  spectrometer  ii  a 
negligible  frachcn  of  the  expired  gas  (2)  The  time  response  of 
the  mass  spectronneter  is  feet  relative  to  the  breath  cycle  time 
O)  The  mats  spectrometer  is  capable  of  accurate  partial 
pressure  maasurementt  (4)  The  sue  weight,  and  power 
requirements  are  compjtible  with  most  m flight  applicaiiont  (5) 
Simplicity  and  reliability  of  operation  are  stressed  Author 


N72  26058iir  Royal  Air  Force.  Farnborough  (England)  Central 
Medical  Establishment 

IMPROVED  METHODS  OF  CUNlCAL  ELECTRODIAGNOSIS 
IN  PROGNOSIS  OF  LOWER  MOTOR  ^'EURONE  LESIONS 
C B Wynn  Parry  In  AGARD  Impro  J Simplified  Methods 

for  the  Om  Evaluahon  of  Aircrew.  Part  2 Mar  1972  4 p 

refs  (See  N72-25048  16-04) 

A^ail  NTIS  HC$6  25 

Techniques  m electromyography  are  discusf.ed  m connection 
with  the  diagnosis  of  lower  motor  neurons  lesions  Various 
lesions  and  their  symptoms  are  considered  K P D 


N72-26069#  Centre  Principal  d Expertises  Medicales  du 
Personnel  Navigant.  Pans  (France) 

INTEREST  IN  MEASURING  RESISTANCE  TO  VERTIQO 
AMONG  flying  PERSONNEL  (INTeRET  OF  LA  ME8URE 
DE  LA  resistance  A L E P LOUISSEMENT  CHEZ  LES 
MEMBRE8  OU  PERSONNEL  NAVIGANT) 

J P Chevalerai^d  and  G Perdriel  /n  AGARD  Improved  and 
Stmpitiiod  Methods  fer  the  Clin  Evaluation  of  Aircrew.  Pert  2 
Mar  1972  3 p In  FRENCH  (See  N72  25048  16  04) 

Avail  NTIS  HCSG25 

A Simple  method  <s  presented  which  permits  the  evaluation 
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of  •piiluOo  toi  rogoinmg  vi«ufl  function  whito  bting  lubioctad  to 
vortiyo  Tho  oriontotion  of  tho  tubfoct  «nd  authoniotion  for 
rovocotion  of  fhgftt  KtivitMM  wtton  an  ocular  affactron  ia  invotvod 
aia  conatdarad  Trana'.  by  K.P  D 


N72-260MI  Inatituta  of  Aviation  Madicina.  Fnarttanfaldbruck 
IWaai  Garmany) 

ALCOHOL  INOUCEO  P08TR0TAT0RV  FIXATIONAL 
NVtTAQMUS.  A THAINING  FILM  ON  A SIMPLE  METHOD 
OF  DETECTINO  SUOHT  ALCOHOUC  INTOXICATIONS  IN 
PILOTS 

G FroaNich  In  AGARO  Improvad  and  Simplifiad  Mathoda  for 
tlia  Qin.  Evaluation  of  Aireraw.  Part  2 Mar.  1972  1 1 p rafa 

<Saa  N72-2504S  16  04) 

Avail  NT1S  HCS6  2S 

A film  allowing  tha  practical  procadura  and  its  nyatagmo- 
giaphical  corralataa  it  diacuaaad  With  ihia  tail,  tha  flight 
aurgaon  haa  at  hia  diapoaal  a raliabla  and  aimpia  mathod  to 
datact  and  thua  aliminata  from  duty  flying  pilota  m an  acuta 
atata  of  alcohol  intomcation  or  with  a markad  hangovar  from  tha 
night  bafora.  Author 


N72-2S04SI  Adviaory  Gioup  (or  Aarotpeca  Raaaarch  and 
Oavalopmant.  Pana  IFiancal 

SPECIAL  8I0PHVSICAL  PROSLEMS  IN  AEROSPACE 
MEDICINE.  PART  3 

A M Pfntar.  ad  Var  1972  126  p rafi  Partly  in  ENGLISH 
and  FRENCH  Praaantad  at  Aarotpaca  Mad  Panel  Spacialiat 
Maating.  Luchon.  'ranee.  30  Sap  • 1 Oct  1971 
(AGARO  CP  95  Pt  3)  Avail  NTIS  HC  SR  SO 

A bwphyaical  approach  to  solving  tha  problamt  faced  by 
man  whan  axpoaad  to  coamic  raya.  alactromagnatic  wavaa 
magnetic  fialda.  and  laaar  radiation  la  aummantad  For  individual 
titloa.  aaa  N72  26046  through  N72-260S7 


N72-2604S||I  Kiel  Unnr  (Watt  Germany) 

PRESENT  KNOWLEDGE  OF  COSMIC  RAYS 
0 C Allkofar  In  AGARO  Spec  Biophyt  Piobi  in  Aarotpaca 
Mad  .Pt  3 Mar  1972  14  p raft  ($aa  N72-26O40  17  04) 

Avail  NTiS  HCS8S0 

Tbu  mam  faaturat  of  cotmic  radiation  are  outlined  at  far  aa 
they  are  of  mtarait  concerning  radiation  hataidt  m SST  and 
manned  toaca  flights  Tha  properties  of  the  galactic  and  tolar 
component  and  of  iha  radiation  belts  are  charactariaed  Tha 
intaractiont  of  tha  primary  particles  with  the  atmosphere  and  tha 
earth's  .magnaiic  field  are  illustrated  and  (iguret  are  given  for  the 
attitude  and  latitude  dependence  Finally,  tha  modulation  affects 
of  tha  galactic  component  due  to  th«  solar  influence  are 
ditcussad  Author 


N72-26047H  Atomic  Weapons  Ratasrch  Establishment 
Aldarmatton  (England)  Radiation  Maasuramenta  Section 
ACTIVE  DOSIMETRY  OF  CDSMIC  RADIATION 
E W Fuller  In  AGARO  Spec  Biophys  ProbI  in  Aarotpaca 
Mad  , Pt  3 Mar  1972  lip  refs  (See  N72'26045  1 7 041 
Avail  NTIS  HCS8S0 

Tha  rola  assumed  for  active  dptimelry  in  manned  space 
mitaions  and  high  altitude  flight  is  to  anabfa  tha  aipotura 
racaivad  during  flight  to  be  conirollad  by  on  board  monitoring 
Tha  radiation  anviionmant  and  the  need  for  active  doaimatry  in 
Iha  two  circumstances  are  laviawad  and  then  the  inttrumanlation 
avaiJabla  and  under  development  for  this  application  it  described 
Methods  of  calibrating  such  instrumentation  are  alto  contiJerad 
It  It  concluded  that  satisfactory  insliumantt  (or  both  applicaliont 
are  pratanthr  available  but  that  there  is  a need  for  continuing 
devalopmani  of  more  compact  tystamt  (or  high  altitude  aircraft 

Author 


N72*2604Sf  Centra  da  Racharchas  Nuclaairat.  Strasbourg 
(Franca)  Lab  da  Phytiqua  CorpuKu)aire 
PASSIVE  DOSIMETRY  OF  COSMIC  RADIATION  (DOSIM 
ETRIE  PASSIVE  DU  RA''ONNEMENT  COBMIQUEl 


R Ka«ar  In  AGARO  Spec  Biophyt  ProbI  in  Aarotpaca  Mad 
pt  3 Mar  1972  9 p In  FRENCH  (See  N72  26045  17-04) 

Avail  NTIS  HC  SB  50 

Tha  use  of  pttanra  dotimatry  to  study  tha  biological  affacta 
of  coamic  radiation  it  ditcuaaad  Tha  problamt  and  hinctiocw  of 
uarrtg  such  equipment  are  alto  asaminad.  Expanmanttl  dote 
raiat  ware  calculated  and  compared  to  maaturad  ortas  Raaulta 
are  given  in  tablat  Trantl  by  E H W 


N72-26049|f  Centra  d'Entaignamant  at  da  Racharchaa  da 
Madacina  Aaronaulique.  Pant  (Franca) 

SOME  CONSIDERATIONS  ON  THE  DIFFICULTIES  OF 
DOSIMETRIC  EVALUATION  AND  COSMIC  RADIATION 
INJURIES  (QUELQUES  CONSIDERATIONS  SUR  LES 
DIFFICULTES  DE  LEVALUATION  OOSIMETRIQUE  ET 
USIONNELLE  DES  RADIATIONS  COSMIQUES] 

S Oatpret.  C Noguat  and  G Oellour  In  AGARO  Spec 
Biophyt  ProbI  m Aarotpaca  Mad  . fh  3 Mar  1972  6 p In 

FRENCH  ISaa  N72-26045  17-04) 

Avail  NTIS  HC  $8  SO 

Tha  difficulties  ancountarod  in  tha  dosimetric  evaluation  of 
coamic  rays  aryl  their  affect  or,  Irving  matter  ara  reported  Data 
cover  tha  affarht  of  heavy  lont  on  tkm  pigments,  nervous  tiaaua. 
human  calls  in  culture,  biological  molecules,  arid  microorganiama. 

T'antI  by  E H W 

N72-260G0il  Toulouse  Univ  (Franca)  Lab  da  Biologia 
Madirrale 

EVIDENCE  ON  THE  EFFECT  OF  NATURAL  IONIZING 
RADIATION  ON  BIOLOGICAL  STIMULATION  |MISE  EN 
EVIDENCE  D UN  EFFET  BIOLOOIQUE  DE  STIMULATION 
DES  RADIATIONS  lONISANTES  NATURELLEB] 

H Plarsal.  J P Soleilhavoup.  R Tisador.  M C Giaat.  arid  F 
Crouta  In  AGARD  Spec.  Biophyt.  ProbI  m Aerotpat^  Mad . 
Pt  3 Mar  1972  12  p rale  in  FRENCH  (Sea  N72  26045 

17-04) 

Avail  NTIS  HCSBSO 

T)>a  affects  of  radioproteciion  and  vary  weak  nradiationa  on 
unrcaflultr  oiganiam  mulnplication  and  embryonic  development 
of  Droaphila  rnalonogattar  are  studied  Results  show  that  in 
unicallulat  organisms,  irradiation  prolonged  the  cellular  cycle  and 
reduced  muIttpSpation  When  the  orgeniama  were  returned  to  a 
radioprotected  environment,  their  multiplicclion  and  cellular 
cyclea  returned  to  normal  In  the  fruil  fly.  rtdiahon  espoeure 
ccuiad  prolongeif  embryonic  and  larvae  devalopmani 

Trenal.  by  E.H  W 


N72-2S061  *1)1  Naiional  Aeionaulics  and  Space  Adminiatration 
Manned  Spececratl  Center  Houston.  Te> 

VISUAL  PHENOMENA  INOUCEO  BY  COSMIC  RAYS  AND 
ACCELERATED  PARTICLES 

Cornelius  A Tobias.  Thomas  F Budmgar.  John  T Laith. 
Abdel  Magid  Mamoon  and  Philip  Chapman  In  A sTO  Spec 
Biophya  ProbI  m Aerospace  Med  . Pt  3 Met  )v72  12  p 

rafa  Prepared  m cooperation  with  Calil  Univ . Berkeley  (See 
N72-26045  17  04) 

INASA  TM  X 68460)  Avai)  NT)S  HC  $3  00  CSCL  08R 

Esperimenis  conducted  at  cyclolroni  logalhar  with 
obaarvationt  by  Apollo  aaiionauis  suggaat  with  little  doubt  that 
coamic  nuclei  mieracimg  with  the  visual  apparatus  cause  the 
phertomenon  of  light  flashes  seen  on  trenslunar  errd  trerrseerth 
coast  over  the  past  four  Apollo  missions  Other  espenmanta  with 
high  and  low  energy  neutrone  end  e helium  ion  beem  euggeat 
that  alow  protons  end  helium  lona  with  a slopping  power  graalar 
then  to  to  the  Bth  power  eV,  gram  sq  cm  can  cause  the 
pbertomenon  in  the  dark  adepted  eye  li  was  demonatreted  that 
charged  particles  induced  by  neulrons  and  helium  ion;:  can 
anmulais  the  visual  apparatus  Soma  sppioachaa  to  undaiitsnc  ng 
Iha  long  term  mission  ehecis  of  gslacuc  coamic  nuilei 
intarscnng  with  man  and  nn  nervous  system  ere  oullmed 

Aullior 

N72'26062|l(  Ceniie  de  Recherches  Nucleairas.  Stratb.>urg 
IFrencel  Lab  de  Physique  Corpuscuiane 
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FIRST  RESULTS  OF  PASSIVE  DOSIMETRIC  COSMIC 
RADIATION  EFFECTS  ONBOARD  A PROTOTYPE  OF  THE 
CONCORDE  001  SUPERSONIC  TRANSPORT  [PREMIERS 
RESULTATS  DE  la  OOSIMCTRIE  passive  DU  RAVONNE 
MENT  COSMIOUE  EFFECTURE  A 60R0  OU  PROTOTYPE 
OE  L AVION  OE  TRANSPORT  8UPERSONIQUE  CONCOHDE 
0011 

R Kais«r.  A M Pfistar.  and  R P Oalahava  In  AGARC  Soac 
e«ophya  Probi  m Aaroapaca  Mad.  Pt  3 Mar  1972  10  p raft 

In  FRENCH  (Sea  N72-2S04S  1 7-04) 

Avail  NTIS  HCSe&O 

After  a description  of  the  characteristics  of  passive 
doaimatry  carried  out  with  the  aid  of  equipment  installed 
onboard  a French  prot.Mype  of  the  Concorde  supersonic  transport 
aircraft,  the  methods  used  to  calculate  the  cosmic  redienon  dose 
rates  ar>d  the  results  obtained  are  given  A preliminary 
mierprjtaiion  of  dose  rates  was  made  and  compared  to  those 
obtained  m an  English  prototype  The  results  from  this 
comparison  show  the  dose  rates  are  in  agreement 

TransI  by  E H W 


N72-26063#  Service  de  Same  des  Armees.  Toulon  (France) 
BIOLOGICAL  EFFECTS  OF  UHF  ELECTROMAGNETIC 
RADIATION  IEFFETS  BIOLOGIQUES  OES  RAYONNE 
MENTS  ELECTROMAGNETIQUES  UHF  (RAOARS)| 

R Joly  and  8 Servaniie  m AGARO  Spec  Biophys  ProW  m 
Aerospace  Med.  Pt  3 Mar  1972  14  p rets  In  FRENCH 

(See  N72-26045  17  04) 

Avail  NTIS  HCS8S0 

Very  high  frequency  radiation  effects,  erriitted  by  radar 
equipment,  on  the  human  organism  are  investigated  The 
physiological  and  physiopathological  aspects  are  outlined  Data 
also  cover  pulse  duration,  pene!rflV''e  powe'  energy  density  and 
exposure  time  Trans'  by  E H W 


N72-260S4/V  Gureau  of  Medicine  and  Surgery.  Washington. 
OC 

THE  US  NAVY'S  PROGRAM  IN  NONIONIZING  RAOIATlON 
Kaul  E Tylet  In  AGARO  Spec  Biophys  ProbI  m Aerospace 
Med  . Pt  3 Mar  1972  4 p refs  (See  N72-26045  1 7 04) 

Avail  NTlS  HCS8  50 

The  e;«lent  of  dependence  of  military  forces  upon 
electromagnetic  radiation  emitters  (or  their  day  to  day  operations 
IS  discussed  The  current  concepts  and  saf»*tv  standards  of  the 
Eastern  European  countries  are  review  ad  bnefiy  The  current 
Navy  program  in  the  area  of  nonionifa  ion  radiation  is  presented 
Three  major  approaches  are  ernphas  ted  ill  basic  research  (2) 
exploratory  research  and  (3)  cpidem  <rlogiral  surveys  The  lack  of 
adequate  dosimainc  instrumeniauon  is  discussed  and  the  current 
program  to  devslop  inslrumer«t?'ion  is  presented  Author 

N72-28096**  Naval  Aerospace  Medical  Research  Lab 
Pensacola.  Fla 

MAGNETIC  FIELDS  AND  MAN  WHERE  DO  WE  STAND 
TODAY? 

Oietnch  E Beischer  and  Vernon  R Rene  In  AGARO  Spec 
Biophys  ProbI  in  Aerospace  Wed  Pt  3 Mar  1972  9 p refs 
Sponsored  m pan  by  NASA  (See  N72-2604S  17  041 
(NASA  CR  127049)  Avail  NTlS  HC53  00  CSCL  06R 

• n atsessmen.  is  made  of  the  effects  of  very  low  and  very 
high  magnetic  fluids  on  man  In  preparation  for  the  Apollo 
(lights,  magnetic  fields  of  50  gamma  were  generaied  m the 
laboratory  by  two  different  methods  Human  volunteers  were 
tested  with  a comprehensive  battery  of  physiological  and 
psychological  tests  during  and  after  continuous  exposure  for 
venous  lime  periods  Nn  significant  difference  due  to  the  low 
field  wa^  found  for  exposure  periods  of  up  to  10  days 
Technological  advancements  m power  generation  antisubmarine 
warfare  and  energy  storag-  and  transmission  expose  man  to 
magnetic  fields  many  order  of  magnitude  higher  than  those 
heretofore  encountered  The  only  available  information  relevant 
to  these  condnons  is  based  upon  occasional  observations  m 
high  energy  physics  laboratories  and  Soviet  descriptions  of 
clinical  effects  Results  0‘-  incidental  human  exposure  and  of 


primates  exposed  to  high  fields  indicate  that,  while  actual 
sufvrval  IS  not  threatened  by  such  exposures,  high  fields  can 
influence  man  to  a degree  sufficient  to  cause  serious  performance 
decrement  Author 

N72-26066/K  Duke  Univ  . Durham.  N C Oepi  of  Ophthalmology 

LASER  FXrETY  AND  HOW  TO  PROMOTE  IT 

Myron  L Wolbarshi  In  AGAPD  Spec  Biophys  ProbI  m 

Aerospace  Med  . Pt  3 Mar  1972  6 p refs  (See  N72-26045 

17-04) 

(Contract  N00014  57-A-0251  0011) 

Avail  NTlS  HC  SB  50 

The  charecterisi.es  of  lasers  which  may  produce  danger  are 
briefly  discussed  with  regard  to  the  special  characteristics  of 
laser  light  and  also  the  characteristics  they  share  wnh  other  light 
sources  Types  of  personnel  protection  are  considered  AS  are 
regulations  and  safety  programs  ir.  relation  to  the  energy  and 
power  levels  that  ere  currently  thought  to  be  nonhazardous  Th« 
principles  of  hazard  analysis  are  described  in  conjunction  with 
their  use  at  any  particular  safety  level  Two  of  the  programs 
carried  on  by  the  U S Navy  Medical  Department  on  laser  safety 
are  considered  m detail  One  deals  with  the  functional  decrement 
in  Visual  acuity  of  monkeys  by  pulsed  laser  trams  in  the  near 
mfrared  The  other  is  concerned  with  the  determination  of 
threshold  levels  for  ocular  injury  by  lasers  m human  volunteers 

Author 


N72-2S057V  Royal  Air  Force  Inst  of  Aviatico  Medicme. 
Farnborough  (England) 

LASER  SAFETY  SOME  CONSIDERATIONS  IN  THE 
DESIGN  OF  A CODE  OF  PRACTICE 

R G Borland  In  AGARD  Spec  Biophys  Prv'bl  m Aerospace 
Meu  . Pt  3 Mar  )372  13  p refs  (See  i'v/Z-ZGOhS  17-04) 

Avail  NTlS  HCS8  50 

Military  and  industrial  research  on  a safely  code  for  the  use 
of  laser  eQuipments  is  outlined  Data  cover  sale  thresholds, 
methods  lor  measuring  these  thresholds,  and  charactenst'cs  of 
the  laser  to  be  used  Special  atiention  i$  given  to  retina  damage 
m the  operators  E H W 

N73-1709S/|f  Advisory  Group  for  Aerospeca  Retaarch  and 
Oovalopment.  Pan*  (France) 

AEROMEDICAL  ASPECTS  OF  VIBRATION  AND  NOISE 
J C Gu>an»fd  •nd  P F Hmg  Nov  1972  280  p r»1» 
(AGAR0ogi«ph-151.  AG  A R D-AG-1  SI)  Av»il  NTlS  MC 
S16  00 

Efivcl*  ol  a».o«p*c«  vibration  and  noiaa  on  man  ara 
conaidarad  Tha  apacial  aeromadical  ptoblamt  ol  auditory 
parcaplion  and  non#  iniuriea  in  airctaw  ano  atO'ifd  aupport 
parsonnal  ara  amphaaiied  For  individual  titlaa,  aaa  N73- 17099 
through  N73-17101 

N73-17099  Wright  Stata  Unnr  , Dayton.  Ohio  Oapt.  of 
Engineering 

VIBRATION 

J C Guignard  In  AGARD  Aeromed  Aapaett  of  Vibfition  end 
Ncit#  Nov  1972  pl  l13  ref»  IFor  availebility  aee  N'3- 17098 
08  041 

The  nature  ol  •tructure  borne  vibration  end  iti  occurrer<e 
in  aeroapace  opeianont  ara  conaidarad  by  machanical  and 
biological  actiona  upon  man.  arMj  by  the  cntaria  arid  pnrKiplea 
of  prclei  ,ng  man  from  iia  advaraa  affacta  Author 

N73-17100  Wright  State  Unnr  . Dayton.  C:..u 
NOISE 

J C Guignard  In  AGARO  Aaromad  AapacU  ol  Vibration  and 
Noiae  Nov  19/2  p 1 I4-205  lela  I Fur  availabtliry  aee 
N73- 17098  08  04) 

Nalure.  meaauiement  and  occurreiKa  of  anbome  noiaa  in 
aaroapaca  operaliona  ere  conardered  by  the  biologicel  effecta  on 
man  Ganeral  cnleria  and  priivciplaa  ol  the  pio1act»n  ol  men 
from  trie  edverae  allecta  ol  rvoiae  on  human  well  being  and 
worlung  e liciencT  are  outlined  Author 


r 
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N73-17101  Roy»l  Air  Fore*  C»nlr»l  M«dicsl  Ert»Withm#m, 
London  (CngltAd).  __ 

HCARINQ  COKKBVATION  IN  AIUCHEW  AND  QROUNO 
SUMOAT  PEAtONNEL 

P F Nirtfl  In  AGAAD  Aofomod  Aipoct*  oC  Vitorition  and 
NoiM  Nov  1972  p 204  267  f»h  IFof  •w«4«Wrtv  ••• 
N73  I709B  Ot-04) 

Tha  affacts  of  ^.^^*aa  on  human  haannp.  both  tamporanr  »<w 
p^rmaTantty.  ara  raviawad  and  ralatad  to  tha  wockinQ  axtuationi 
of  mambara  of  a*fwaw*  and  flioond  aupport  paraonnal  Matao/aa 
to  ba  takan  to  pravani  noiaa  damage  m the  panphefal  parte  of 
the  human  hearing  mechanism  and  to  conserve  heanr^  m 
panonnei  eiposeo  to  hazardous  noise  levels  are  outlined 

Author 


N73'17106f'  Advisory  Group  for  Aarospkee  Resea'ch  arxl 
Development.  Paris  (Frarvee) 

SPECIAL  ASPECTS  OF  AVIATION  OCCUPATION Ai. 
VCOICINE  CAROIOVASCULAA  AND  NERVOUS  SYSTEM 
EFFECTS  OF  8ROMOTRIFLUOROMETHANE 
K C Back  (AMRU  and  E W VanSlee  (AMRL)  Nov  197: 
20  p ra*s 

{AGARO-R-599}  Avail  NTlS  HCS3  00 

Th«  aPeett  of  thrae  fluorocarbons  of  the  haloaikana  group, 
prirvcipally  With  bromotnfluoromethane  which  have  applications 
as  effectiva  fire  extinguishing  agents  are  studied  Animal 
eipenments.  performed  to  eiplore  the  mechanisms  of  the 
pharmacodynamic  properties  ai  d to  asses i the  toxic  hazards 
associated  with  their  use.  are  described  AM  three  compounds 
have  biological  side  effects  and  the  report  provides  prelim  nary 
inform etir)r.  derived  from  ammal  exper  mants.  on  accept  Me 
working  corKentrations  for  human  exposure  Author 

N73-19066a  Advisory  Group  for  Aerospace  Resaerch  and 
Development  Paris  (Francel 

COLOUR  VISION  REQUIREMENTS  IN  DIFFERENT  OPERA- 
TIONAL ROLES 

Nov  1972  83  p refs  In  ENGLISH  partly  m FRENCH  Presented 
a.  AGARD  Aerospace  Med  Panel  Specialist  Meeting  Brussels. 
30  May  1972 

(AGARO  CP  99)  Avail  NTIS  HCS6  25 

Proceedings  are  presented  on  the  theoretical  and  practical 
aspects  of  color  vis'on  the  rationale  of  color  vision  reouirements 
for  a>r  ervd  ground  cr*>  >.  Cod  color  vision  testing  The  requirementx 
for  flyirvg  personr*el  of  the  armed  forces  for  many  nat'  -rts  are 
emphesjed  For  individual  titles  sue  N73  19066  through 
N73  19076 

N/3-190M*  Ouki  Lfniv  . Ou'ham,  N C Dept  of  Ophthelmofogy 
THEORETICAL  A;1PECTS  OF  COLOR  VISION 
Myron  L Wolbarshi  M AGARD  Colour  Vision  Requirements  m 
Different  Operaiionil  Roles  Nov  1C72  10  p refs  (For 

availability  see  N73  lOOCS  10  04) 

(Conireci  NAS9  I 1?94) 

The  three  co'-.  cf  Ycnjng  Helmholtz  and  the 

opponent  colors  type  of  information  processing  postulated  trr 
Henng  art  both  pitsent  in  the  human  visual  system  This  mixture 
accounts  for  both  the  i>henomena  of  colo'  matching  or  hue 
discrimir>eiK>n  and  such  perceptual  guinoee  of  color  as  the  drvision 
of  the  spectrum  into  cok>t  bands  The  fur>ctK>ning  of  the  cells  in 
the  visuel  system  especitify  within  me  retins  and  the  relation 
of  this  foiKtion  to  color  perce,nt*orv  are  discussed  Author 

N73-190C7  Institute  of  Aviation  Medicine  Fuvrstenfeldbruck 
(Wf  St  Germany)  Optha)molog>cal  B anch 

p;t>CT)CAl  8PECTS  OF  CC  LOR  VISION  AND  ITS 
mSTURBANC 

Ostrich  Kuerschi  , /n  ACAHO  Colour  Visnn  Heqoirements  m 
Different  Operationa>  Roles  Nov  1972  6p  reft  (For  evsilabilrty 
see  N73  190B5  10  L ') 

A numhei  ^ecialii  ds  of  the  Geman  Air  Force,  eveept  the 
flying  personnel,  were  sssesoed  to  d«termir>e  the  extent  of  color 
vision  equired  it  is  shown  that  normal  color  vis»op  is  mand*-'cry 
or  jy  for  the  dctivUief  of  the  taiephorw  techr-cia.i  and  the  taiephone 
...  < 


N73- 19068  Centre  Principal  d Expantses  Medicates  du  Personnel 
Navigint.  Parts  (France) 

EXAMINATION  OF  CHROMATIC  SENSE  IN  FRENCH 
AERIAL  FORCES  (L'EXAM^iN  OU  SENS  CHROMATIQUE 
DANS  LES  FORCES  AERIENNES  FRANCAlSCS) 

G Perdriel  and  J Chava^araud  In  AGARD  Colour  Vtsten 
Requtremanis  m Different  Operational  Roles  Nov  1972  5 p 

In  FRENCH  (For  availability  see  N73  I906S  10-04) 

A procedure  was  developed  to  lest  the  chromatic  aptitude 
of  dyschro.natopsia  victims  who  wauled  positions  as  navigators 
or  pilots  in  France  Security  procedures  using  such  personnel 
and  a color  signaling  process  to  aid  them  m perceiving  coforc 
are  discussed  Transl  by  E H W 

N73-19D69  School  of  Aero'tpace  Medicine  Brooks  AFB.  Tex 
Ophthalmology  Branch 

HISTORY.  RATIONALE.  AND  VERIFICATION  OF  COLOR 
VISION  STANDARDS  AND  TESTING  IN  THE  UNITED 
STATES  AIR  FORCE 

Thomas  J Tradici.  James  L Mims.  III.  and  Jamas  F Culver  in 
AGARD  Colour  Vision  Requirements  m Different  Operational 
Roles  Nov  1972  10  p refs  (For  avsiiabihty  see  N73-19065 

10  04J 

The  color  vision  tesong  and  selection  procedures  utilized  in 
World  War  II  by  the  US  Army  Air  Corps  are  reviewed  The 
color  standards  for  flf>ng  m the  US  Air  Force  recai>tlr 

were  changed  for  the  first  lime  since  World  War  II  F*  ' 
defectives  scoring  SO  or  better  on  the  SAM  color  threshold  *.tier 
are  rv>w  accepted  into  flying  training  A ten-year  retrospective 
Study  of  4801  experienced  flying  personnel  provides  strong 
evidence  that  these  standards  are  valid  The  handling  of  color 
vision  defective  cases  is  also  uullir>#d  Author 

N73-19070  National  Defence  Medical  Centra.  Ottawa  tOniano) 
Dept  of  Ophthalomology 

COLOUR  VISION  IN  THE  CANADIAN  ARMED  FORCES 
Bryan  St  I LiJdy  In  AGARD  v.4^>0*.'r  Vision  Requirements  m 
Different  Operational  Roles  Nov  1972  6 p (For  aviilabihiv 

see  N73-190C6  10  041 

Color  visiO'i  in  the  Canadian  Armed  Forces  is  reviewed, 
including  their  standard  tests  ishihara  standards  book  test.  Green 
Edwards  lariiern  lest,  and  A 0 isochromat<c  bock  test  Diffeien. 
reguiremanis  of  color  vision  for  the  various  service  branches  ore 
described  Minimum  color  vision  standards  for  the  initial 
assignment  to  trades  within  the  ..rmed  forces  are  l.sted  m tabular 
form  * A M 

N73-19071  Centre  de  Madecme  Aaronautique.  Orussats 
(Belgium) 

STANDARDIZATION  OF  TEST  AND  CATEGORIZATION  OF 
COLOR  VISION  ANOMALIES  IN  MILITARY  CIRCLES.  AND 
METHODS  USED  BY  EMPLOYEES  TO  TRACK  DOWN  THEIR 
PROBLEMS  (ESSAI  OE  STANDARDISATION  OE  LA 
CATEGORISATION  DES  ANOMALIES  OE  LA  VISION  DES 
COULEURS  EN  MILIEU  MILITA1RE,  AINSf  QUE  DCS 
METHODES  EMPLOYEES  EN  VUE  OE  LEUR  OEPISTAOE] 

J M VanDeCasieeie  i-\  AQARO  Colour  Vision  Requirements 
in  Dfferens  Operational  Roles  Nov  1972  4 p In  FRENCH 

(For  availability  see  N73  19065  10  04) 

Sound  scientific  procedures  developed  to  categorize  color 
vision  abnormalities  >n  a uniforrr>  manner  are  discussed  The 

cltfSSlfiUtfllOII  uf  illJlVIlJu  lis  W4:»  MidUb  dS  d fu'iCllUM  of  (lie  liullil/e> 

of  error  responses  to  lesis  ihe  nature  of  the  abnorrriihty  and 
the  gravity  of  the  cond'r'nn  Trarisl  by  E H W 

N73  'i  1072  Royal  Air  Force  *r  st  of  Aviation  Medicine 
FarntK  nugn  (England) 

COLO)  ? ''IRION  REOUIREMENTS  IN  DIFFERENT  OPERA 
TIONAl  roles 

O H Brennan  hi  AGARO  Colour  \'iSion  Requ^'ements  in  Different 
Operational  Rolas  Nov  1972  3 p refs  (For  availability  see 

N73  19065  10  04) 

Color  vision  in  (he  various  operational  rolas  of  the  Royel 
Air  Force  and  Army  Air  Corps  was  Studied  It  IS  considered  that 
good  color  acuny.  although  play)r>g  a valuabit  part  m tht  total 
OfOCMi  Of  viOuai  oofeeotion  is  not  of  oaransnunt  imoorianea  H 
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would  tM  poMibl*  by  ■Itinng  ih*  p.-neni  chromdicitim  of  >*d 
•nd  graon  ngntl  coloi  to  admit  lor  tii  aircraw  dutita.  twapt 
j thoaa  nl  cloaa  an  support,  tha  mo<a  aavaia  gtadaa  of  rad  flraan 

dafactiva  It  it  thought,  howavar.  that  tha  small  gain  in  raciuiung 
would  not  waiiani  tha  rasulling  aipanaa  and  disruption  of  prasant 
sarvicat  Tha  ptaudo  itochromatic  plaias  provida  a aimpla  and 
rapid  mathod  of  datactmg  avan  minor  anomaiwt  ol  color  vitiun 
With  prasant  standards,  tha  lantarn  is  tha  bast  Irada  last  ‘o. 
grading  coloi  dafaclnas  as  fit  or  unlit  lor  aircraw  duiias  Should 
standards  ba  lowarad  n would  ba  nacasaary  to  supplamani  tha 
lantarn  with  a guaninstiva  last  which  should  ba  ralaiad.  if  possibla. 
to  tha  rola  anvisagad  for  tha  candidaia  Author 

N73- 19073  Army  Aaromadical  Rasaarch  Lab.  Fort  Ruckar.  Ala 
AIRCREW  COLOR  VISION  REQUIREMENTS 
Robart  W Bailsy  In  AGaRO  Colour  Vision  Raouiramants  <n 
Oiflarant  Oparational  Rolas  Nov  1972  4 p (For  availability 

saa  N73  1906S  10  041 

1 A study  ravsalad  no  statistical  diffarsrtca  in  accidsnt  raias 

batwaan  a salaciad  population  of  color  dalactivas  and  a matchad 
sampla  ol  normals  Tha  only  significant  diffaranca  damonstratad 
! was  batwaan  sanous  accidants  m whicn  tha  color  normals  wars 

involvad  in  a graatar  numbar  of  accidants  (statistically  sigmlicantl 
than  color  dalactivas  Oparational  tasting  ol  difficult  casas  ara 
also  prasantad  Author 

N73-1B074  Waltar  Raad  Army  Medical  Cantar.  Washirtgtun. 
OC 

! PREDICTING  VISUAL  PERFORMANCE  IN  AVIATORS 

(COLOR  VISION) 

! Sudd  Applaton  tn  AGARO  Colour  Vision  Ragui'amarts  in 

Oiffarani  Oparational  Rolas  Nov  1972  b p (For  availability 
saa  N73  I90«5  10  041 

Tlia  whpla  concapt  of  physical  standards  lor  parsonnal 
salaclion  is  raviawad.  ampnasiimg  visual  parlornianca  lor  aviators 
Color  vision  lasts  as  pracictnia  indicators  of  flying  task  parlormancs 
ara  avalualad  Eipananca  with  a banary  ol  lasts  as  part  ol  an 
aaromadical  in  flight  avaluation  is  racorded  m ''bulsr  form  for 
! 12  aviators  JAM 

N73-19076  Haadquariars  Army  Aviat.on.  Middle  Wallop 
I (Englarwll  Oapi  ol  Aviation  Mad'-.ire 

I HELICOPTER  FLYING  AND  COLOUR  VISION 

■ t C Perry  In  AGARO  Colour  Vision  Rsquirements  in  Oiffarant 

! Operational  Rolas  Nov  1972  4 p refs  (For  availability  saa 

N7.TI9O05  1004) 

Whan  profalams  are  ancvuntarad  m low  level  helicopter  flying, 
undar  poor  light  and  in  laaturolas.  terrain,  difficultias  ansa  where 
I colors  have  to  ba  used  lor  into  matron  presentation  and  to  isdata 

I certain  items  of  information  fntrument  lighting,  map  colors  ertd 

marking  can  all  become  problem  areas  when  the  operator*  color 
I vision  IS  abnormal  OiffererKSS  are  lound  m methods  of  color 

1 vision  testing  The  use  of  rolO'Sd  smokes  against  verymg 

backgrounds  can  lead  lO  mistakes,  as  can  wiring  diagrams  artd 
wire  merkiivgs  Author 


j N73-18079  Aerospace  Madic'i  Research  Labs  . Wnght-Petterscn 

AFB.  Ohio 

! COLOR  VirtON  REQUIREMENTS  FOR  AIR  CREW  PER 

I 60NNEL  OF  THE  FUTURE 

I F Gr«th«r  In  AGARO  Cp><0kjr  Viftoo  tn 

|0iff«rtnt  Op9t«iior>«(  Nov  ^97?  7p  r«r»  <For  •vfiUbiltty 

m N73. 19065  10  04) 

(AMRLTR-71-1  Id) 

Color  L.tniqu6  v^lue  % m«tnt  nf  coding  viftoftfly 

prdMntod  inforpn«ttrHi  Thi^  ^1»own  by  •■porim«nt«l  •vflus- 
ttons  of  •HernaU  coding  m<9thod«.  tuch  p«n«rn  »ii«  mttntity 
«nd  flash  rata  A raduction  m color  vnion  Mlactton  ttarKfardt 
; for  Right  parsonrrai.  •u'^h  th«i  pdot  would  rtqcira  lha 

I raplacamant  of  color  wuh  othar  and  potannaiiy  i#m  afftciam 

I viaual  coding  mathodt  Such  a char>g«  would  restrict  the  visual 

display  choicts  avtiiibla  to  the  dasignars  of  futura  information 
preaaniaiion  aquib^ant.  both  airborna  arxj  grour>d  An  a«amir\ation 
at.  nett  rrande  snd  furrent  aniiinmant  duatopynaM  md^aiaa  that 
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tha  uM  of  cotor  for  coding  mformatior^  usad  by  flight  parsonnal 
will  probably  ba  incraasmg  rathfr  than  daeraaaing  in  tha  futura 

Author 


M73-21092#  Advisory  Group  for  Aarospaca  Rataarch  arwj 
Oavalopmant.  Paris  IFranca) 

PREDlCTABiLITY  OF  MOTION  SICKNESS  IN  THE  ELEC 
TiON  OF  PILOTS 

M P Lansbarg.  ad  Feb  1973  69  p rafs  Parily  m ENGLISH, 
partly  m FRENCH  Proc  of  Aarospaca  Mad  Panel  Specialist 
Maating  Glaago^.  7 Sap  1972 
lAGARD-CP  109)  Avail  NTIS  HC  $5  60 

Suscaptibility  and  factors  contributing  to  motion  sickness 
ara  axarninad  The  Air  Force  and  Navy  tests  for  motion  ticknasa 
predictions  are  described  Drugs  that  counteract  tha  air  aicknass 
a<a  considarad  Blind  fish  responses  to  gravitational  changes  during 
parabolic  flight  ara  also  studied  For  individual  titlas.  tea  N73- 
21093  through  N73  21  101 

N73‘21()9«f  U)tanca  arid  Civil  tnsi  of  Environmental  Madicma. 
Downsviaw  (Ontario) 

MEASUREMENT  OF  SUSCEPTIBILITY  TO  MOTION  SICK 
NESS 

K E Mor>ey  In  AGARO  Pra'iiciabiliry  ol  Motion  Sickness  m 
the  Selection  of  Pilots  Feb  1973  4 p refs  (For  availability 

saa  N73  21092  12-04. 

Three  different  b.*)sas  ware  suggested  for  predicting  suscapti 
biltty  to  motion  sickness  m a specific  vehicle  These  are  (1) 
hiatory  of  motion  sickness.  (2)  susceptibility  to  motion  sickness 
in  a laboratory  device,  and  (3)  laboratory  vestibular  and  other 
tests  These  techniques  were  reviewed,  end  their  usefulness  was 
dMeteed  It  was  concluded  that  the  leboretory  vestibular  ar>d 
other  tests  are  without  practical  value  Susceptibility  to  moi*on 
sickness  laboratory  devices  arid  history  of  motion  sickness  were 
used  end  have  significant  predictive  value  Consideration  of  these 
techniques  for  selection  of  aircrew  candidates  includes  8 
comparison  of  the  econormc  and  other  advantages  of  elimination 
of  most  air  sickness  problems  and  the  disadventeges  of  the 
teetmg  expense  end  the  loss  of  some  candidates  who  would 
not  actually  have  had  difficulty  wnh  motion  sickness  Author 

N73  21094  Lentre  d ciudss  ei  de  Reufierches  de  Medec:r.o 
Aeronautigue  Pans  (Franca) 

P06BIBILITY  OF  PREDICTING  PREDISPOSITION  OF 
MOTION  SICKNESS  IN  THE  SELECTION  OF  PILOTS 
IPOSSIBILITE  Oc  PREVOIR  LA  PREDISPOSITION  AU  MAL 
OES  TRANSPORTS  LORS  DE  LA  SELECTION  OES  PILOTE8) 
G Laguiy  J C Hadni.  M Gouars.  R Geliy,  and  A P Giberi 
In  AGARD  Predictability  of  Motion  Sickness  m the  Seltcdon  of 
Pilots  ^eb  1973  9 p in  FRENCH  (For  availability  see 

N73  2)092  12  04> 

The  medico  eeronautical  basis  of  selecting  pilot  peraonnei 
in  lelation  to  motion  sickness  is  outlined  Human  factors, 
aeronautical  factors,  and  natural  evolution  of  motion  sickness  m 
the  pilots  are  described  in  doteil  Selection  techniques  cover 
neuromuscular,  neurovegeietive.  end  psychological  examinations, 
snd  flight  experience  TrensI  by  E H W 


N73  21096  Leicester  Umv  (Englend)  Dept  of  Psychoiogy 
FACTORS  CONTRIBUTING  TO  MOTION  SICKNESS 
SUSCEPTIB'LITY  ADAPTABILITY  AND  RECEPTIVITY 
Jemes  Reason  (Navsi  Aerospace  Mad  Ret  Lab.  Pensacola.  Fla) 
BfX)  Ashton  Gra-'biol  In  AGSRD  Predictabihfy  of  Motion  Sicknaat 
m the  Sefection  of  Pitots  Feb  1973  iSp  refs  (For  aveilebility 
see  N73  21092  12  04) 

Evidence  it  r resented  to  show  (het  two  percuptuti  factors, 
receptryity  ar>d  daptability.  contribute  to  venation  in  motion 
sickness  tuscepta  il:fy  An  attempt  is  made  to  :ntegrat#  these 
two  sources  of  verieiK>n  int.  e neure>  mismetch  theory  of 
motion  sickrass  Two  ongmei  s.  dies  ere  briefly  reponed  In  the 
hfSk  poeitrve  end  significsrii  relationships  were  obiair>ed  Uefweeri 
it>easgres  of  edeptabfity  and  (Da  personal  history  maasurc  (>f 
Suecept'b'niy  iw)  lots  of  well  being  during  eipOSL.re  to  crosi 
coupled  enguiar  acce'eraiions  end  <3!  a questionnaire  meesLie 
of  msfoeeraion  It  wee  eteo  louoO  that  adaptability  end  receptnity 
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•r«  unr«Ul#^  (tclors.  «nd  ihftt.  of  the  t^o.  adaptibility 
the  most  potent  influence  upon  suscepnbilitv  Yet.  among  slow 
•deptert  onlv  tbo'e  was  some  evidence  to  show  that  receptiwity 
contributed  to  iryjividuel  differences  m proner>ess  The  second 
study  was  concerned  with  the  long  term  retention  of  prctectrve 
adaptation  Author 

ff73-21096  Naval  Aerospace  Medical  Research  Lab  Pensacola. 
7la 

ASSESSMENT  OF  REACTIONS  TO  VESTIBULAR  OtSORlEN 
TATiON  STRESS  FOR  PURPOSES  OF  AIRCREW  SELEC 
TION 

Fred  E Guedry  ar>d  Rosalie  K Ambler  /n  AGARO  PrediciabilirY 
of  Motion  Sickne^^  *n  the  Selection  of  Pilots  Feb  1973  8 p 

refs  (For  availabi'  ae  N73  21092  12-04) 

Several  tests  ere  described  which  are  useful  for  predicting 
indrvidueis  who  will  separate  from  air  training  because  of 
eireiciiriess  and/or  disablir^g  anxiety  toward  flight  These  tests 
are  based  on  measures  of  immediate  reactions  to  disorientation 
stre&a  ii  is  desirable  to  have  a futher  diagnostic  assessment  of 
ir>dividuais  to  determine  the  underlying  causes  of  differences  m 
reactivity  to  disorientation  stress  and  also  to  estimate  the 
individual's  likelihood  of  success  m the  light  of  other  predictor 
variables  The  disorientation  stress  tests  sigr^ificsntly  sugment 
other  avietoi  predictor  variables,  and  they  appear  to  be  significantly 
correlated  to  severe!  person»hry  measures  A part'Cuia'  visual 
display  and  task  were  useo  tnai  produced  sigiufiuan^ly  more 
sickness  than  did  other  tasks  during  comparable  vestibular 
stimulation  Tho  test  procedure  was  changed  and  a procedure 
was  developed  which  appears  practical  lor  assessing  individual 
differences  *n  accommodation  to  mtersensory  conthc'  between 
the  visual  and  vestibular  systems  The  changed  procedure  did 
not  produce  s«ckr>ess.  and  the  results  indicate  that  a S7  per 
vent  mean  improvement  m visual  performance  during  vestibular 
stimulation  can  occur  after  only  a 10  minute  habituation  schedule 
At  least  pad  of  the  improvement  in  visual  performance  appears 
attributable  to  increased  visual  control  over  vestibuM>  reflex  control 
of  the  eyes  Author 

N73-21097  Naval  Aerospace  Medical  Research  Lab  Pensacola. 
Fla 

MOTtON  SICKNESS  QUESTIONNAIRE  AND  FIELD  INOE 

pendence  scones  as  preoictors  of  success  in 
naval  aviation  trai.^ing 

Robed  S Kennedy  In  AGARO  Pred'CtabiUly  of  Motion  Sickness 
in  the  Selection  of  Pilots  Feb  1973  5 p rels  iFor  availability 

see  N73  21092  12  04) 

The  usefulness  of  two  paper  and  pencil  tests  in  predicting 
the  likelihood  of  success  m Naval  aviaiion  training  is  reported 
Several  years  experience  wnh  a motion  sickness  questionnaire 
IS  reviewed  literature  and  theories  related  to  motion  sickness 
are  surveyed,  and  a group-admmisiered  personality  test  <5  reported 
ihe  motion  sickness  questionnaire  (MSQi  was  empirically  validated 
against  an  expenmenta'  procedure  for  producing  motion  sickness 
symptomatology  (N  100)  and  m a larger  group  IN  602) 
scores  on  me  questiorinaire  were  statisiicJlly  related  to  the 
likelihood  of  aviation  training  success  Refir.erienis  m (he  scoring 
improved  the  predictive  ability  of  the  MSQ  iN  660)  and 
cross-validated  successfully  (N  550)  Author 

N73-21098  Scnool  of  Aerospace  Medicme  Brooks  AF6  Tex 
Biodynamics  Branch 

THE  USAFSAM  SELECTION.  TEST.  AND  REHABILITATION 
PROGRAM  OF  MOTION  SICK  PILOTS 

Patrick  J Dowd  In  AGARO  Predictability  ol  Motion  Sickness 
in  tho  Selection  of  Pilots  Feb  1972  10  p «efs  (For  averlebihty 
s«e  N73  21092  12  04) 

The  USAF  School  of  Aerospace  Medicine  biaxial  stimulator 
was  used  to  impose  standardized  Conolis  stimuli  for  the  purpose 
of  deterni.ning  a Subiect  s tolerance  of  this  very  disturbing  stimulus 
This  test  differeriiaies  the  nons<ck  (NS)  individuals  from  the 
s>ck  (S)  ones  within  each  peer  group  (navigato's  oilots  and 
airman  trainees)  and  -s  a valuable  indicator  of  the  level  ol  resistanco 
v.i  individual  has  to  Coriohs  rcceleraiions  ar^d  ^s  a selection 
tool  for  an  individual's  resistance  to  motion  Mckness  The  results 
of  this  type  of  test  (pilMs  NS  299.  S51.  navigators  NS  60. 


S 34,  airmen  trainees  NS  91  $19.  pentathlon  athletes  NS  14. 
S-0)  cen  greatly  a;»s»st  in  the  overall  lelectton  of  personnel  in 
preflight  postflight  ar>d  in-trainmg  programs  Author 

N73-21096  Centre  de  Medecine  Aeronautique.  Brusaets 

fBelgium) 

THE  SELECTION  AND  SURVEILLANCE  OF  STUDENT 
PILOTS  WITH  MOTION  SICKNESS  IN  THE  BELGIAN 
ARMED  FORCf:S  |LA  SELECTION  ET  LA  SURVEILLANCE 
DU  POINT  OE  VUE  MAL  OE  L AIR  pkS  ELEVES-PlLOTES 
DES  FORCES  ARMEES  BELGES) 

s Tnbel  In  AGARO  Predictability  of  Motion  Sickne-s  in  the 
Selecho,^  of  Pilots  Feb  1972  3 p In  FRENCH  IFor  availability 

see  N73  2)092  12  04) 

A method  of  selecting  and  observing  student  pilots  of  the 
Belgian  Air  Foice  is  given  Based  on  this  method.  1500  students 
were  admitted  to  pilot  school  in  1960  and  1972  Of  this  number 
only  7 were  eiiminaied  for  established  cases  of  motion  sickness 

Trenai  by  E H W 

N73  21100  Institute  of  Aviation  Medicine.  Fuerstenfeldbruck 
(West  Getma\Y' 

TEST  RESULTS  ABOUT  THE  EFFECTIVENESS  OF  METIXE 
NUM  APPLIED  AGAINST  MOTION  SICKNESS 
Chiistian  Henning  In  AGARD  Predictability  of  Motion  Sickness 
in  the  Selection  of  Pilots  Feb  I9:’3  4 p refs  (For  availability 
sec  N73  2 1092  12  04) 

Thirr^  healthy  subiects  v.ere  icsierj  in  a spatial  disorientation 
demonstraioi  (SDD)  m oider  to  compare  the  effectiveness  of 
Metixenum  jnd  Meciccm  ur^dei  double  blmd  comparison  test 
conditions  ajdihst  motion  sickness  with  statistical  evaluation 
Metixenum  educed  ail  subjective  symptoms  sigmlxantly  Its 
efficacy  wa*  vgher  than  that  of  Meclocm  Simultaneously  recorded 
objective  symptoms  (post-  otatory  venigo  sensation  heari  rate 
lesults  of  a v'alkmg  balance  test)  ware  not  significantly  inffuenced 

Authc. 

N73  21101  ■ National  Aeronautics  and  Space  Administration 
Ames  Research  Center,  Moffett  field  Calif 
RESPONSES  OF  BLIND  FISH  TO  GRAVITATIONAL 
CHANGES  AS  ACHIEVED  IN  PARABOLIC  FLIGHT 
n J VonBaumgarien  jM'ch  Umv  . A*nn  Arbor).  G L Shilhnger. 
Jf  end  G Bmdngnt  (Mich  ijn'w  . #ir,r,  Arbor)  In  4CA'fO 
Predictability  of  Motion  Sickness  m the  Sel»»’:’.:on  ol  Pilots  Feb 
1972  4 p refs  (For  availability  scc  N73-21092  12  04) 

Blind  fi*h,  durino  p--abolic  High;,  display  a measurable  and 
consistent  Njhavior  The  most  spectacular  new  behavioral  response 

tha  forwi  rd  looping  blind  fish  m or  near  weightlessness 
This  responte  shows  no  measurable  adaptation  during  the  entire 
period  of  wjightlescness  of  about  30  sec  During  the  entrance 
end  exM  of  weightless  parabolas  (pushover  and  pullout^  '^spec- 
(ively.  the  liih  assumes  a forward  tilled  diving  position  ' ■ oholic 
highi  wUh  negative  g in  the  range  between  0 g and  1 g '.-lOses 
simitar  diving  rasponses  ol  the  fish  with  the  only  difference  being 
that  the  diV9  is  directed  toward  the  top  of  the  fish  lank  When 
the  response  to  a g value  less  than  1 g is  compared  to  the 
response  lu  increased  g load  on  the  ground  (escape  of  darting 
respoosel  a*»  essential  diHjrence  is  seen  higher  horizontal 
acceleration  or  jerk  on  the  ground  causes  fish  to  swim,  or  even 
dari  against  the  direction  of  menial  force,  fish  during  weightless 
parabolas  move  mto  the  direction  of  the  memal  or  gravitational 
iorr'4*  5inr*  the  vestibular  system  of  fish  is  homologous  to  tnat 
of  rnan  ihi  observed  behavior  of  fish  m weightless  flight  could 
help  to  boi  er  understarid  human  performance  and  sensations  m 
comparable  situations  Author 


N73  21102#  Advisory  Group  for  Aerospace  Research  and 
Oevelopmerit  Pans  (France) 

THE  USE  OF  MEDICATION  AND  DRUGS  IN  FLVING 
PERSONNEL 

Heinz  S Fuchs  ed  Feb  1973  154  p refs  Partly  m ENGLISH, 
partly  in  FRENCH  Pioc  of  Aerospace  Med  Panel  Specialist 
Meeting  Glasgow  5 6 Sep  1972 
(AGARO  CP- 108'  Avail  NTIS  HC  $9  75 
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Ofug  •ffecu  Of>  flight  arxj  ih«  evalu«iK>n.  d#t*ciK>n. 

•fy)  id#ntrfic9tion  of  orugs  and  alcohol  in  flYing  paraonnai  ara 
diacuiaad  For  individual  litlaa.  tea  N73-21103  through  N73* 
2M26 

N73-21103  Adviaory  Group  for  Aaroapaca  Raaaarch  artd 
Davalopmar^t.  Paris  f Franca) 

tcchnical  evaluation  report,  conclusion. 
RECOMMENDATIONS 

Haini  S Fucht  /n  /is  Tha  Uaa  of  Medication  and  Oruga  m 
Flying  Paraonnal  Fab  1973  13  p raft  IFor  availability  aea 

N73-21102  12  04) 

Inaarr.uch  aa  flying  affactivanaaa  daparKis  on  an  optimum 
dagraa  of  psychoaomaiic  fitness,  it  is  a«»omaiic  that  tha  need  m 
a ftyar  for  drugs  should  raise  serious  doubts  as  to  his  fitnasa  to 
fly  IrKreaamg  age  o*  the  flying  population  is  the  maior  contributing 
factor  Since  there  is  an  increased  irvcidence  of  disease  commonly 
associated  with  aging  Improved  diagnostic  techmquas  and 
augmentad  information  about  normals  and  aarly  diseasa  have 
also  had  a significant  influence  upon  both  the  types  of  problems 
evalueted  and  thair  disposition  The  flight  surgeon  must  keep 
wall  informed  on  all  drugs,  psnicuisriy  newly  accepted  ones,  so 
that  no  medication  will  be  prescribed  which  might  corr.promise 
flight  aafaty  Iryjividual  susceptibility  and  hypersensitivity  to  drugs 
in  generel  muot  alweys  be  considered  in  certain  situations  drug 
therapy  is  warianted  to  prever^t  complications  and  to  effect  an 
improvement  m long  term  prognosis  ,^nother  problem  is  acuta 
illnasa.  wherein  drug  thsraoy  ts  warranted  eitfier  to  treat  primarily 
tha  etiologv  of  the  disease  or  more  frequently  merely  to  control 
the  symptoms  m a salf-limfied  corvlition  Author 

N73*21104  Federal  Aviation  Administration  Washington  OC 
Office  of  Aviation  Medicine 

THE  CURRENT  STATUS  OF  DRUG  USE  IN  CIVIL  .AVIATION 
PERSONNEL 

Peter  V Siegel  and  Stanley  R Mohler  in  AGaRO  The  Use  of 
M#d»cetion  end  Drugs  iri  Flying  Personnel  Feb  197  3 4 p 

IFo'  availability  see  N73  21102  1 2 041 

Screening  date  concerning  U S civil  airmen  while  being 
medicilty  certified  during  the  penoo  July  1971  April  1972 
are  reported  In  the  sarriple  studied  two  p?'cent  of  pilots  and 
three  percent  of  ground  control  personnel  hud  positive  urmes 
The  positives  included  berbiiurates.  amphetamines,  codeine 
morphine,  end  methadone  Aulhu< 

W73-2110S  Royal  Air  Force  Hospiial.  Fly  (England) 
MEDICATION  AND  DRUGS  IN  AIRCREW 
H B Kelly  in  AQARO  The  Use  of  Medication  end  Drugs  m 
Flying  Psrsonnel  Feb  1973  4 p refs  (For  availability  see 

N73-21102  12  04) 

The  attitudes  adopted  by  the  Royal  Air  Force  end  Bntish 
crvil  evishon  toward  medication  and  drugs  raken  by  their  aircrew 
ire  discussed  and  recommendations  made  Author 

N73-2110S  Royal  Air  Force  Inst  of  Aviation  Medicine. 
Fernborough  (England) 

USE  OF  HYPNOTICS  BY  AIRCREW  1 OPERATIONAL 
CONSIDERATIONS  AND  EXPERIMENTAL  STUDIES 

A N Nichr.»lsor)  and  Catherine  M Wngl.t  In  AGARO  The  Use 
of  Medication  end  Drugs  m Flying  Personnel  Feb  1973  S p 
rers  (Fo'  evailability  see  N73  21102  12  04) 

The  residual  effetit  or  hypnotic  drugs  for  normsh/mg  aircrew 
ileaping  patterns  cn  human  r.8r,rous  function  and  perfor.mance 
era  studied  Delayed  rnatching  io-sarrtple  tests  on  monkeyr*  show 
that  bsrbituratfs  do  not  effect  metching  to  stimuli  time,  but  some 
beniodiatepmas  increase  response  times  up  to  6 hrs  after 
sdminiitretion  Q Q 

N73-21 107  Air  Corporations  Joint  Medical  Servic**  BEA/  ROAC). 
London  (Englandi 

ASPFCTS  OF  SLEEP  REGULATION  IN  AIRLINE  PILOTS 

f S Praston  In  AGARO  The  Use  of  Medication  and  Drugs  in 
Flying  Persortnel  Feb  1973  8 p lefs  (For  availability  see 

N73  21102  12  04) 

Prcuebly  the  greatest  problem  fsemg  long  haul  crvii  airlines 
If  the  need  to  ensure  that  pilots  are  given  adequate  time  while 


on  e lour  of  duty  to  ensure  tufficieni  sleep  end  eo  eneble  them 
IP  cope  succeesfuUy  with  the  ensuing  period  of  work.  The  problem 
on  long  haul  routes  ts  greetly  compounded  by  the  effect  of 
tune  xone  chenges.  night  flights  arxj  changes  of  e chmetic  nature 
which  ell  affect  the  mdividuel's  sbUitv  to  achieve  steep  on  ernvel 
There  is  definiu  evidence  of  cumulative  sleep  lots  on  longer 
trens-mendien  routes.  As  s result,  the  mdlviduel  p4ot  may  be 
tempted  to  use  hypr>otics  which  he  can  purchase  freely  over 
the  counter  in  some  parts  of  the  world  without  medical  superveion 
In  addition,  he  may  use  alcohol  for  ns  hypr>otic  action  or  combined 
with  other  hypr^otics  which  may  effect  not  only  his  fitness  to 
By  cn  the  next  day.  but  havs  addictive  end  eumulstive  effects 
The  problems  are  discussed  for  a long  haul  airline  and  some 
iuggestior^s  are  made  for  controlling  the  situation  from  Doth  the 
medical  and  executive  starydpoints  Author 

N73-2110B  Royal  Air  Force  Central  Medical  Establishmeni. 
London  (England) 

AVMED  POLICY  ON  SLEEP  IN  AIRCREW 
P J OConr^or  in  AGARD  The  Use  of  Medication  ar>d  Drugs 
m Flying  Personnel  Feb  1973  2 p (Fur  availability  see 

N73  21102  12  04) 

The  role  of  the  aviation  medical  practitioner  in  relation  to 
aircrew  sleep  is  to  instruct  the  crews  m how  to  anticipate  sleep 
requirements  and  the  best  physiological  ways  of  encouragir>g 
adequate  sleep  Hypnotics  should  not  be  used  by  crews  to  get 
sleep  es  they  cause  decrement  m performance  during  the 
subsequer>t  day  Author 


N73-21109  Royal  Air  Force  Inst  of  Aviation  Medicine. 
Fernborough  iEnglaid) 

USE  OF  HYPNOTICS  BY  AIRCREW  ADAPTIVE  TRACKING 
AS  A TECHNIQUE  FOR  THE  EVALUATION  OF  PERFORM- 
ANCE DECREMENTS  RELATED  TO  THE  FLYING  TA  $K 

R C Borland  and  A N Nicholson  M AGARO  The  Jie  of 
Mediceiion  and  Drugs  in  Flying  Personnel  Feb  1973  $ p 

refs  (For  availability  see  N73-21  102  12  04) 

The  mean  performance  of  6 subjects  tssted  following  the 
oral  admmistreiion  of  secobarbuone  a!  a dose  of  3 3 rwg/kg  of 
body  weight  m an  adaptive  tracking  lasa  provides  a reasonable 
approach  to  evaluating  drug  after  effects  of  possible  significsrKe 
to  the  f>mg  task  Nevertheless,  training  of  personnel  and  the 
experimeniei  procedures  involved  damend  coniiderebie  effort  on 
the  pari  of  subjeett  and  expenmaniars  Autlior 

N73-21110  Centre  d Efsais  en  Vol.  Bretigny-sur-Orge  (France) 
MODIFICATIONS  OF  PEOFORMANCE  UNDER  CERTAIN 
MEDICATIONS  PROPOSED  MEASURING  METHOD 
(MODIFICATIONS  DE  LA  PERFORMANCE  SOUS  L'INFLU 
ENCE  OE  CERTAINS  MEDICAMENTS;  A PR0P08  D UNE 
METHDOE  DE  MESURE] 

R AuHret.  R Angibcu&t.  ar>d  J.  Demenge  M AGARD  The  Uee 
of  Medication  and  Drugs  m '^lymg  Personnel  Feb  1973  5 p 

refs  Ir  FRENCH  (For  evailability  tee  N73-21  102  1204) 

The  influence  of  Usnquthzers.  hypnotic  drugs,  and  bar1>fiurates 
on  the  performance  of  navigation  personnti  it  irweshgated 
Reection  time,  personnel  efficiency  during  com,->lex  tasks,  and 
psychological  factors  were  measured  It  was  determined  thet 
some  drugs  Fluphenaame.  Tnfluopiperezme.  and  Prenyfarmne — 
do  rwi  affect  performertce.  while  hypnotic  drugs  and  trenqu4Aere 
show  some  definite  performer>ca  decrement  Trane!  by  E H W 


N73  21111  Army  Aeromedicil  Research  Ub . Fort  Rucker.  Ala 
THE  EFFECTS  OF  INH  CHEMOPROPHYLAXIS  ON  AVIATOR 
PERFORMANCE 

Msrk  A Hofmann  In  AGARD  The  US#  Of  Medication  ar»J 
Drugs  m Flymg  Personnel  Feb  1973  H p refs  (For  evyilebilrtY 
SM  N73  21102  1204) 

A group  of  tuberc-j!in  positive,  healthy  aviators  lakmg  iNH 
prophyiscticilly  St  oussgei  of  300  mg  daily  for  one  year  were 
msintsin^'j  ily:ng  ttttus  while  simultaneously  partc^eting  m 
e study  to  determine  the  effects  of  this  drug  therapy  Th« 
investigation  measured  performartce  on  e numter  of  leboreiorv 
tasks  to  include  pursuit  tracking  rrwntsl  mgl|»p1<elion  d«grt  spen 
reaction  timt  and  combmstior>s  of  the  above  No  o menu  m 
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partormanc*  obMrvad  >n  this  p*rfo<m*nca  M • fu'Ktnn  ol 
dfug  irMtmam  Additionailv.  ih*M  •viaton'  physical  Mata  was 
siiataad  by  maatunng  a host  of  physiolooical  paramatars 
during  itwi'  ysa'  ol  thafSpy  Than  waa  no  awidanea  ol  aavan 
dnig  raactona  II  was  lacommandsd  that  aviators  bs  allowad  to 
ooitinua  Hying  dunas  whila  taking  INH  at  thaaa  doaaga  lavala. 
but  M tha  mtacoM  ol  aalatv.  a rsgular  piogram  ol  caialul  clinical 
obatrvrtion  and  periodic  maasunmania  ol  tianaaminaaa  levals 
ba  conduetad  Aotiior 


N73-21112  Dautacha  Forachungs  und  Varauchsanaiali  luai 
Lull’  und  Raumlahit.  Bad  Codasbaig  (Waal  Garmanyl  Inai 
luar  Flugmadum 

THE  PREOICTICN  OF  FLIGHT  SAFETY  HAZARDS  FROM 
DRUG  INOUCEO  PERFORMANCE  DECREMENTS  WITH 
ALCOHOL  AS  REFERENCE  SUBSTANCE 
Kart  E Klein  /n  AGARD  Tha  Use  ol  Medication  and  Oiugs  in 
Flying  Parsonnal  Fab  1973  12  p lala  (For  availability  saa 

N73  21102  12  OA) 

A modilicaiion  o<  CNS  activity  laaulnng  in  a dacramanl  ol 
parlormarvca  is  lha  moat  unwanted  tide  elleci  of  diuga  m active 
flying  personnel  A procedure  it  described  where  hazard  prediction 
IS  eccompliphed  with  ethanol  at  reference  tubttance  through 
the  following  tteps  (1)  Evaluation  of  dose-effect  relationth<p  for 
ethanol  with  tha  perfurmarKe  teat  to  be  applied  in  toxicological 
drug  atudiat.  and  (2)  Examination  of  drug  with  the  alcohol 
B calibrated  test  method  aslimanon  of  tha  aicohol  intoxication 

favel  eouipotentiaf  m its  performance  decrement  to  the  drug 
doae  atudiad.  dafinmon  of  the  operational  significance  of  the 
drug  induced  performance  changes  by  reference  to  the  inloxics 
tton-haiard-rafaiinnship  established  for  alcohol,  prediction  of  the 
critical  drug  dose  through  extrapolation  Results  with  sedative 
naurofaptic.  tianduiliimg  and  stimulating  drug<  are  deihonstiated 
and  the  advantage  and  limitations  of  the  reference  procedure 
discussed  Author 


N73-21I13  Ohio  State  Umv . Columbus  Aviation  Medicine 
Research  Lab 

ETHYL  ALCOHOL  ANO  PILOT  PERFORMANCE:  MILITARY 
IMPLICATIONS  OF  IN  FLIGHT  STUDIES 

C.  E Billings.  R L.  Wick.  Jr . R J Garka.  and  R C Chase  /n 
AGARD  TTia  Uaa  of  Medicslion  and  Drugs  m Flying  Personnel 
Feb  1973  It  p refs  iFcr  svailabiiiiy  see  N73-2I102  12-04I 
Sixteen  instrument-rated  civil  pilots  flew  501  instrument 
lending  system  approaches  in  a light  airplane  at  night  under 
simulated  instrument  flight  conditions  while  sober  and  while  under 
the  influence  of  04.  08  and  12  G%  blood  ethyl  alcohol 
concentrations  Data  included  continuous  measurement  of 
deviations  from  localizer  and  glide  path  centerline,  note  was 
made  ol  all  procadurel  errors  While  the  highly  experienced  pilots 
main'ainad  bertei  tracking  performance  than  ihe  less  expenenced 
aubiecla.  parncular'y  at  h:gh  blood  alcohol  levels,  both  groups 
demonstrated  progressive  increases  in  the  number  and  seriousness 
of  procedural  errors  with  each  irKrease  in  alcohol  level  These 
results  indicats  that  alcohol -induced  performance  degradation  may 
occur  first  in  secondary  tasks  rather  than  in  the  primary  ffying 
task  They  also  indicate  that  tliere  is  poleniislly  dangerous 
detanoration  m tha  performance  of  even  highly  skilled  aviators 
St  blood  alcohol  levels  as  low  as  34%  Author 


N73-21114  Caen  Univ.  fFrarce)  Facjlte  da  Medacina  at  da 
Pheimacolcigie 

THE  OPTIMIZATION  OF  FOAM  |L  OPTIMISATION  DE  LA 
FORMEl 

Robert  N.  Lamaira  /n  AGARD  The  Use  of  Medication  and 
Drugs  m Flying  Personnel  Fab  1973  3 o In  FRENCH  (For 

availability  see  N73  21102  12  041 

Sports  medicirta.  m relation  to  the  alfecls  of  drugs  on  physical 
and  psychological  performance,  la  discussed  Three  pomla  were 
aetablished  for  good  physical  form  during  competitive  sclnnties 
They  are  ID  mainisnance  of  electrolytic  equilibrium. 

121  supple  menial  ion  of  normal  vitamin  levals.  and  131  regulation 
of  acid  overloads  TiansI  by  E H W 


N73-2111B  Mainz  Unnr.  IWaat  Germany)  InM  of  Foraneac 
Medicine 

OflUO  USE  ANO  PERFORMANCE 

J G.  Gostomryk.  P Parade,  and  H Gewecka  In  AGARD  The 
Uaa  of  kRedicalion  and  Drugs  m Flyirtg  Parsonnal  Feb  1973 
6 p lefs  IFof  availabilitv  see  N73-21 102  12-04) 

Psychological  and  physiological  effects  of  scuta  cannabis 
mtoxicalion  are  eonsidarsd  It  is  shown  that  haaheh  smoking 
does  CM  affect  oxygen  consumption  n man  Howevsi.  perform- 
ance raquirementa  in  driving  a car  under  the  influence  Of  the 
drug  appear  to  ba  felt  as  stress  which  demands  a raaponse 
from  a peyciiologicelly  stimulated  high  energ/  level  Rsducad 
pRfformanca  capability  menilasts  itself  if  actual  stress  situatiorvs 
are  superimposed  upon  the  normal  task  It  is  concluded  that 
hashish  m>>aiis  the  ability  to  drive  safely  G G 


N73-2111B  BioTechnology.  Inc.  Falla  Church.  Va 

USE  OF  spectral  ANALYSIS  PROCEDURES  FOR  THE 
EVALUATION  OF  DRUG  EFFECTS 

James  F Paiksi.  Jr  and  Thomas  W Frazier  (Walter  Reed  Army 
Inst  ol  Res  . Washington.  D C ) /n  AGARD  The  Use  ol  Medication 
and  Drugs  in  flying  Personnel  Feb  1973  9 p refs  IFor 

aveilabrlity  see  N73  21102  12-04) 

The  use  ol  spectral  analysis  procedures  in  the  study  ol  drug 
etfects  IS  described  in  an  attempt  to  develop  a more  aenaiuva 
and  maaning'ui  mdai  ol  performance  change  Spectral  analyaia 
procedures  use  lime  tanas  data  in  which  bate  biorhythmemes 
■n  parformtnee  tra  idantihad  and  studied  as  the  lubtaci  is  napoaed 
to  a stress  condition  (drug  Idmmisiration)  Oscillatory  performance 
prolHes  are  transformed  from  the  lime  domain  to  riower  spectra 
These  spectra  then  are  examined  by  mcana  ol  statistical  coharanca 
astimatat  Changes  m iha  coherence  ol  Ihoia  biorhythmt 
piOvide  a measure  ol  the  axiant  lo  which  the  organization  ol  a 
complex  performance  hat  bean  disrupted  by  the  strasa  condi- 
tior.  Subiacts  ware  adminittared  s Iranquilizing  drug  Ichlordiazap- 
oxide)  under  double-blind  condilions  A significant  loss  ol 
coherence  was  found  lor  lha  performance  of  a vigilance  teak 
No  change  was  found  in  (hs  accompanying  phyaiotogical 
measures  heart  rale  and  rectal  Ismperature  Tliese  results  clearly 
show  a drug  induced  desynchronizaiion  ol  performance  in  e human 
data  processing  activity  It  is  concluded  that  spectral  tnslytis 
ischniques  may  be  of  va'us  as  one  tool  in  the  complais  evaluation 
of  drug  affecta  Author 


N73-21117  School  of  Aerospace  Medicine.  Brooks  AFfa.  Tax 
DRUG  ABUSE  DETECTION  EFFORTS 

George  D Uthrop  Harold  L Ksplan.  and  Jack  E Wallace  M 
AGARD  The  Use  of  Medicetion  end  Drugs  in  Flying  Personnel 
Feb  1973  4 p refs  IFor  avsilabiliry  see  N73-21102  12  041 

Operational  efforts  lo  daisci  drug  abuse  by  masa-acreening 
urinalyats  are  summarized  Particular  emphasia  is  given  to  the 
current  analytical  methods  used  to  detect  opiates,  barbilurates. 
and  emphe'smines  Advanisgat  and  disadvantages  ol  evailabts 
methodotog-/  tra  prusenlsd  lo  provide  lationala  guidehnes  foi 
establishing  un  accurate  and  loransically  reliable  toxicolcigy 
laboratory  Vsihods  of  thin  layer  chromatography  arid  gas-liquid 
chromatography  offer  unpaialled  delaclion  accuracy  tor  drugs  ol 
sbuae.  at  wall  as  a canability  lo  analyze  therapeutic  lavelt  of 
certain  ptychoucpic  drugs  tjrsnquilizara.  anlihistammesl  ol  specifK 
cuncarn  m ffymg  ptpulaiiortt  Tsidem  rteeaich  aAorU  to  improve 
current  methodokzgv  for  Ihe  drothylamida  ul  lyriergic  acid  (LSD), 
latrahvdtocinnibinoli  ITHCI  and  rnathsdone  and  lo  rlevelap  new 
tears  based  un  mdtviduci  enzymst  - chsngvs.  are  briefly 
preatn'sd  Airttwr 


N73-21Vir  Royal  An  Force  Inst  of  Aviation  Msdicme. 
Fainborou<;h  (England) 

USE  OF  hypnotics  BY  AIRCREW  CONSIDERATIONS 
OF  METABOLISM  ANO  EXCRETION 

J M Clifford  and  J H Cookson  In  AGARr}  The  Use  of 
Medicalion  and  Drugs  in  Flying  Personnel  Fab  IS73  6 p 
refa  IFor  availabiliTy  tee  N73  21102  12  341 

The  mefabolism  ol  tecobjrbrtone.  haptabarbrtona  and  lha 
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nonbartMturit*  hypnotic  moihoquclono  hoy*  boon  siuOmO  in  man 
uomg  tho  lochniquo  of  goo  liquid  chromotogiophy  A potorogrophie 
Mchniquo  for  pMtmo  lovolo  of  nitrotopom  hoo  iloo  boon 
ini>o>ti^od.  Author 


N7t-2111b  Inotitino  of  Aviotion  ModKmo.  fuarttmnfmtdbmck 
(Woot  Gormoiiy) 

THt  IMPACT  OF  OIUANAL  AHYTHM  OM  ORUO  OOSINO 
ANO  ORUO  EVALUATION 

H W KwehhofI  In  AGAHO  Tho  Uoo  of  ModMIion  and  Druga 
m Ftyrng  Poioonnol  Fob  1973  4 p IFoi  avadabthty  too 

N73-2I102  12  04) 

Tho  woU  known  foci  thot  Iho  functionoi  bohowor  of  cho 
humon  orpomom  la  oubtoclod  to  0 rhythmicoHy  occurring  doily 
procot*  I*  (till  boing  doropordod  in  clinical  proccico  and 
pharmacdogy  Drug  doting,  intinoi  of  Mickinv  ti  Iho  ttorootypod 
pottom  of  3 « 1 toblot/doy.  >oquiroi  lull  coruudorotion  of  tho 
dnimol  vonoliono  which  occur  in  ino  humon  body  mvohruig  moinly 
cordiovaoculir  poramolora  OruQ  ovoluation.  on  tho  othor  hand, 
ahould  alto  mcluOo  caraful  atudioa  in  diurnal  rhythm  in  ordor  lo 
obttin  prociao  daia  on  iho  duration  and  onaot  ol  drug  action  aa 
wall  aa  on  apoofic  mfluanca  emarging  in  the  courto  of  the  day. 
all  tha  moia  ainca  any  approach  of  Ihia  kind  will  contnbuta  to 
tha  alimination  of  untoward  aida  affaett  and  othor  hazaidoua 
influancoa  which  may  bo  aitributad  lo  a drug  Author 

N73  31 130  Mopital  d inat'ucnon  daa  Armooa  Voraaillaa  Ifrancal 
ANTIOIABETIC  MEDICATIONS  ANO  NAVIGATION  PER 
SONNEl  IME0ICAMENT5  ANTIOIA0ETIQUES  ET  PER 
SONNEl  NAVIQANTI 

Rogar  Pannior  and  Qarard  Laguoy  In  AGARO  Tho  L>aa  of 
Madication  and  O'uga  m Flying  Paiaonnol  Fab  1973  6 p 

In  french  (For  availability  aoo  N73'2II02  12  04) 

Tha  uaa  of  anudiabanc  drugt  and  iha  Innaaa  of  auch  poopio 
aa  navigation  paiionnal  ara  aiammad  It  waa  doiarminod  that 
Iha  maulin  O^pondant  augar  diabolic  it  unfit  lor  tuch  )Obt  bocauao 
ha  ii  aubitet  to  koto  acidosic  accidanta.  hypoglycamia  and 
ragimontad  diatt  untuilad  for  hit  |ob  In  non  insulin  dapandant 
diabat.es  who  ara  maintainad  by  oral  drugs,  it  was  daiomninad 
that  Ihosa  who  usa  sulphanyluraat  ara  also  unsuitad  for  flying 
dutioa  tinea  ihia  drug  tomaiimat  cauaaa  hypoglycamia  Diabatict 
takiitg  biguanida.  it  was  doiarminod.  may  undar  aicoplonal 
circurnaiancas  bacoma  or  condnua  to  ba  flying  parsonnal  Thaaa 
drugs  du  not  pioduca  hypoglycamia  as  do  the  other  med-centj 
tiudiod  Tian$l  by  E M W 


N73'2112t  Royal  An  Force  Hospital.  Ely  (England) 

OCULAR  SIDE  EFFECTS  OF  DRUGS  IN  AVIATION 
MEDICINE 

e W T Smith  In  AGARO  Tho  Uaa  ol  Wadicalion  and  Oiuga 
in  Flying  Raraonna!  Fab  1973  2 p IFor  availability  aaa 

N73  21102  12  04) 

Many  drugs  which  may  ba  proKnbod  lor  aircrew  or  usod 
by  aircrew  in  salt  medication  have  known  raporlad  ocular  sido 
aftacta  which  can  atteci  visual  parformanca  Raviawad  era  soma 
of  Iha  mam  groups  ol  theao  drugs,  drawing  attention  to  thaaa 
aido  offocii  Author 


N73  31122  Adviaory  Group  lor  Aoroapaco  Roaoarch  artd 
Oavalopmani  Pant  (France) 

OPHTALMOLOOIC  SURVEILLANCE  OF  ASSORBEO 
antimalaria  drugs  in  SYSTEMS  OF  NAVIGATION 
PERSONNEL  {SURVEILLANCE  OPHTALMOLOOIQUE  DU 
PERSONNEL  NAVIOANT  ABSORBANT  OES  ANTIPAIU 
OEENS  DE  SYNTHE8EI 

J P Chovaloraud  ICPEMPN,  Pans)  In  its  Tho  Uao  of  Madicaiion 
and  Drugs  in  Flying  Paraonnol  Feb  1973  5 p In  FRENCH 

(For  availability  tee  N73  21102  12  041 

Obaanratrona  of  aynihalic  aniimalanala.  through  opihalmologi’ 
cal  mothodt.  in  the  trotama  of  nwigaiion  poraonnot  wore  mode 
Risks  to  teat  tubjacta  and  loaic  da  affaett  tr#  ditcuaaod 

Tranal  by  £ H IN 


N73-21123  Flugiaugfuahraitchula.  Klair  Haidotn  (Waal 
Garmony) 

TRANQUIUZENS  ANO  AVIATION 

Hamrich  Sehoho-Winlrop  In  AGARO  Tho  Uao  ol  Modicotion 
and  Druga  m Flying  Parsonnal  Fob  1973  4 p roll  IFor 

Ovsilobiliiy  aoo  N73-21102  12-04) 

Tho  uoo  ol  tionquiluois  during  ponoda  ol  flying  doty  • aiill 
inlroquonl  ond  no  diroel  offocia  on  flight  aoloty  hovo  ao  lor 
boon  pooitivoly  obooivod:  thoro  la.  howovor.  o dongor  of  auch 
offocta  in  caao  of  oacota  doaago  and  uao  of  otoioclics  such  aa 
dioiopom  A poioniiating  effect  by  alcohol  hat  boon  dotcr^od 
in  aomo  coaos.  but  tho  mfluonco  ol  alcohol  tiono  oppotra  to  bo 
Iho  crucial  factor  in  those  cotot  II  la  shown  thot  otirocuca  lika 
chlovdioaapoiida  fail  to  allaviato  airoaa  rtoctiona  m siudont  pilota. 
but  thot  tho  application  or  coriom  ironquilitais  m tiaating  difforont 
typot  of  kmotooio  sooma  piomititig  Tho  proscription  of  tiOfyquilHois 
should  ba  ovoidod  until  tho  affects  those  madicamonts  hjvs  in 
combination  wrth  Iha  voiiod  ftitint  ancountofod  in  avaiOlion  hovo 
boon  fi-lly  auivoyad  Author 


N73-21t24  Fighter  Bomber  Wing  (31all.  Korpon/Erft  (Waal 
Gormonyl 

USE  OF  MEDICATION  ANO  DRUGS.  ESPECIALLY  ALCO- 
HOL BY  FLY.’NG  PERSONNEL 

Hij0o  H«rnb<ch  fn  AGARO  Um  of  Madicadon  and  Drugs 
in  f'Y'^9  Rsrsonnal  Fat  1973  6 p refs  (For  avsilabiliiv  see 

N73-2M02  12  04) 

AfcohOi  ts  (he  rr>osi  comrr^on  and  most  dangarous  drug  used 
(>v  pilots  Ihraa  stmpla  methods  tfr«  Ue>c'ibed  tr  which  the 
Mood  sicohol  can  be  determined  (1)  6y  means  of  two  tables 
pitots  S'S  able  to  determine  the  approximate  level  of  Mood  alcohol 
concentrahon  after  the  consumption  of  a known  amount  of 
alcoholic  beverage  over  a given  period  of  time.  (2)  the  detec 
tion  of  the  gross  post-rotational  nystagmus  which  is  found 
whertevei  (he  centrel  nervous  sysiem  has  been  affected  by  alcohol 
and  (3)  a semi  quanntetive  rrethod  of  breath  analysis  for  alcohol 
detection  rn  the  Mood  TliSfe  three  methods  meke  it  possiMe  to 
Single  out  pilots  who  have  alcohol  m then  Mood  anj  to  prevent 
them  from  flying  Author 


N73-2H26  Centre  d Esseis  en  Vol.  Sretignv-sur  Orge  (France) 
(FFECT  OF  ALTITUDE  ON  CERCeRp\i  8L00D  FLOW 
patterns  in  the  smoker  AND  NONSMOKER  {ACTION 

OE  L'AITITUUE  CHE3  LE  FUMEUR  ET  LE  NON  FUVEUR 
SUR  LE8  VARIATIONS  DU  DEBIT  SANOUIN  CEREBR.'.L) 

J Oemenge  and  R Auffrei  In  AGARr*  The  Use  of  Medicatior> 
end  Drugs  m Flying  Personnel  Feb  1973  5 p refs  In 

FRENCH  (For  eveilebiMy  sm  N73  21102  12  04) 

Verietions  m the  cereMel  blood  circulstion  of  smokers  and 
nonsmokers  as  a function  of  altitude  are  meesured  rheographi 
cefly  Also  fr9nur9<i  were  the  effects  of  vasometne  drugs  jlntude 
tolerence.  chronic  hypoxia,  and  performance  as  influence  by  Mood 
flow  Transl  bv  £ H W 

N73  21126  institute  of  Pharmacology.  Oslo  (No. way) 
COMPARISON  OF  MENTAL  ANO  P8YCHOMOTOR  EFFECTS 
OF  DIAZEPAM  AND  ETHANOL 

J F W Haffr>er  el  «i  fn  AGARO  The  U>e  of  Medication  and 
Drugs  10  Flying  Personnel  Feb  1973  IDp  refs  (For  availability 
see  N73  21102  12  04) 

Whether  and  to  what  extent  a single  large  therapeutic  dose 
of  diaiepam  effects  mental  and  psychomotor  functions  m man 
was  determined  Tho  effects  of  diazepam  m dosages  of  10  and 
20  mg/ 70  kg  body  werght  iiSve  been  compared  wtih  i)»uee  of 
ilcoiv*)(  tn  amounts  which  were  designed  to  produce  blood  levels 
of  epp'uximately  0 1%  Serum  concentrations  of  diazepam  were 
est<meted  m order  to  see  whether  it  was  possible  to  establish  a 
conflaiior.  between  dosages  serum  concentrsnons  end  effects 
It  was  shown  that  diazepam  has  a negative  influence  on  the 
reeults  of  e series  of  tests  with  relevance  to  performance  Irt 
none  of  the  tests  wss  there  env  improvement  in  mean  score 
after  diazepam  compered  with  placebo  However,  e compencon 
of  the  test  results  reveals  some  differerKSS  between  the  effects 
of  alcohol  and  disiepam  Author 
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N73-230&7I  A<7vi«o'V  Group  for  Aorp«p«co  RoMirch 
Oovolopmom,  P«nt  (FraiKi) 

CU8BENT  STATUS  IN  ASNOSPACE  MEDICINC 

WaHoo  L Jonot.  «k)  (NASA.  Waahington.  0 C)  Fab  1973 

77  p raft  Praaantad  at  Aaroapaca  Mad  Par>ai  Spacialiat  Maaiing. 

Claagoav.  Scottartd.  7*8  Sap  1972 

(AGARD-CP  110)  Avail  NTlS  HCS600 

Procaadingi  I'om  an  aarotpaca  madicina  confaranca  ara 
praaantad.  amphaaiair^p  human  tolarancaa  to  var«oua  atraaa  factora 
toicurrad  durir>Q  flight  Tha  disaaaat.  cvringomyaha  and  hapatitii. 
ara  conaidarad  m larmt  of  thair  affact  on  t.^a  fiyir^g  fitnaaa  of 
paflonr^al  Compound  hraadmg  of  Rhaiua  monkeyi  la  ir>cludao 
For  individual  liiiai.  aaa  N73  23058  through  N73-23068 

N73<2308S*  National  Aeronautics  and  Space  Adrr.iniairation. 
Washington.  D C 

RECENT  NASA  AEROSPACE  MEDICINE  TECHNOLOOV 
DEVELOPMENTS 

Wilton  I Jor>#a  in  AGARO  Cuirant  Status  m Aerospace  Mad 
Fab  1973  8 p rafs  (For  availability  saa  N73  23057  14*04) 

CSCL  06E 

Areas  of  hfa  science  are  being  studied  to  obt»in  besatme 
date,  siretagias.  er>d  technology  to  perm.t  life  research  m (ha 
apaca  anvironmant  The  reactions  of  the  cardiovascular  system 
to  prolongad  waighdassnass  are  also  bamg  invastiga*ad  Particle 
dapoiition  in  the  human  lung,  independent  respiratory  support 
system,  food  technology.  ar>d  lamotaly  controlled  menipuletors 
are  manttonad  briefly  JAM 

N73-230S9  Naval  Aerospace  Medical  Heseerch  Lao.  Ne^ 
Ortaana.  La 

NON  fATAL  EJECTION  VCRTESRAL  FRACTURE  AND  ITS 
PREVENTION 

Channirtg  L Ewing  In  AGARO  Current  Status  in  Aerospace 
Mad  Fab  1973  8 p rafs  (For  availability  sac  N73-23057 

14  04) 

Several  studies  of  the  nature  and  extent  of  the  problam 
were  made  Jonea  at  al  showed  that  21%  cf  185  US  Navy 
aviaiort  auffered  vertebral  fracture  using  e gun  type  election  seel 
over  e 4 1/4  year  period  1958*1963  (2)  Of  these  sii  were 
retired  on  disability  end  one  additionel  died  Fryer  found  a 19% 
incidar>ce  m 220  RAF  ejection  usmg  a similar  seat  (3)  >Hirsch 
found  a 25%  incidence  m 55  Swedish  Air  Force  ejections  using 
i different  seat  |4)  More  recently.  Shannon  found  tha<  m the 
USAF  during  CV  1967  and  1968  ther^  were  390  noncombat 
tjechont  with  116  persons  suffering  meior  iionfstal  injury  (51 
ForrV'One  of  the  major  injuries  weie  fractures  due  to  ejection 
force,  end  97%  of  these  ware  vertebral  fractures  In  the  combat 
ejections.  89%ol  major  injunaa  due  to  ajaction  force  were  vertebral 
fracturas.  and  80%  ol  all  vartebrai  fracturai  suffered  were  due 
to  ejactioi)  force  in  ell.  31%  of  ncncombat  and  25%  of  combat 
major  injuries  on  ejection  were  nonfatal  ejection  vertebral  fractures 
In  both  cases  the  ejection  vertebral  fractures  were  the  'argest 
airigla  category  of  major  injury  Author 

N73-23080  Hellenic  Air  Furce  General  Hospital.  Athens  (Greece) 
MAHAQEMENT  OF  ASYMPTOMATIC  CARRIERS  OF 
HEPATITIS  associated  ANTIGEN  (HAA)  IN  HELLENIC 
AIR  FORCE  PERSONNEL 

H G Vissoulis  and  C E Giannopoulos  In  AGARO  Current 
Status  in  Aerospace  Med  Feb  1973  4 p rafs  (For  aveilability 

aaa  N73-23057  i4  04) 

A larga  tcalt  investigation  amor  g Hellenic  Air  Force  personnel 
was  msiitutad  m Jan  1971  aiming  at  detacling  the  asymptomatic 
HAA  carneis  arnJ  recommending  means  of  prevention,  medical 
difposition  ana/or  elimination  fiom  nyitig  anO  c«ftei*i  specialties 
Th«s  ayatematic  screening  is  justified  by  a h>gh  correlation  of 
poeitrva  HAA  and  cases  of  acute  viral  hepatitis  A disquietir>g 
inciderK#  of  6 2%  of  asymptomatic  HAA  rarriers  was  demon- 
ttratad  Author 

N73-230S1  Institute  of  Aviation  Medicine.  Fuarstanfeldbrjck 
(Weal  Germany) 

syringomyelia  and  flying  fitness 

Guantar  Apal  in  AGARD  Currant  Status  m Aerospace  Mad 
Fab  1973  3 p rafa  (For  availability  saa  N73  23057  )4  04| 


The  aitant  to  which  ^)>a  ansiirig  syrir>^omyc^‘>  had  contnbu- 
ticn  to  fatal  acctdanta  and  the  quastkon  of  specific  flying  conditiooe 
being  conducive  to  an  aKacarbatior-  of  syringomyelia  era 
diacusead  Hiatologicat  axaminationi  of  organs  of  piiou  involved 
in  fata)  accidema  have  often  rtveafed  diseaaa^.  m particular  thoea 
involving  the  heart,  which  r:^ay  have  timdad  flying  fitnate 

Authc>' 

N73-23062  Johann-VVolfgang  Goatha-Univarsitat.  Frankfurt  am 
Mam  (West  Germany)  Arbetagruppa  fuar  Siophyaikeittcha 
WeltraumforKhurtg 

THE  eiOSTACK  EXPiRlMENl  ON  APOLLO  16 
H Guackar  m AGaRU  Current  Status  m Aerospace  Mad 
Fab  *973  6 p rafs  <For  availability  see  N73  23057  14-04) 

The  objective  of  the  BlO.^TACK  aapariment.  flown  onboard 
Apollo  18.  It  to  study  the  combined  action  of  individual  heavy  high 
energy  loss  nuclei  Of  cosmic  radiation  and  space  flight  factor; 
on  b*o)ogtcal  systams  m reating  atate  The  raaults  will  grva 
information  on  the  mechanism  of  heavy  padiclas  on  bK>logicaf 
matter  The  blOSTACK  axpenmantal  pKkage  contains  a lanat 
of  mofkoiayars  of  scioctad  biological  objacta  (Sacillua  subtiiia 
aporaa.  Arab«dops>s  thahana  saads.  Vicia  faba  radic’.i'ae.  Artamia 
talma  aggs)  with  each  layer  sandwiched  between  several  different 
physical  track  detectors  (nuclear  amuisiona  cellulose  nitrate, 
ooiycarbonata)  Individ. lal  local  evaluation  mathoda  ware 
ooveiopad  which  iderMify  oach  bmiogical  affactiva  particia  ar>d 
cortalata  the  mtiividual  hitting  particle  with  the  produced  biotogicat 
affect  A variety  of  bioiogica*  affects  di  e to  a amgia  partatratirtg 
parttck  IS  bamg  analytad  inrtuanca  on  cellular  arsd  tissue 
davaloom^nt  nuclear  damages,  iruj  mutation  induction  Author 

N73-23083*  FlugwissanKhafthche  Forschungsanstalt.  Munich 
(Watt  Germany!  Yarkas  Pnmaie  Research  Canter 
9REE0IN0  MOi'mEYft  FOR  BIOMEDICAL  RESEARCH 
Geoffrey  H Bourne  M Nelly  GolaradaBouma.  and  Michala  E 
Aaalirtg  In  AGARD  Currant  Status  m Aerospace  MeJ  Feb 
1973  6 p refs  (For  j^vailibiiity  saa  N73-23057  14*04) 

(NASA  Order  R 10-009  013.  Gram  RR  00165) 

CSCL  06C 

Captive  bred  rhesus  mookayi  show  much  less  pathology 
than  Wild  bom  animals  The  monkeys  may  be  bred  m cages  or 
in  an  outdoor  compound  Cag^  brad  animals  are  not  psy- 
chologicaiiv  norma)  which  makes  than  unsuitad  for  some  types 
of  space  ralaicd  research  Cornpsur>d  breading  provides  contact 
between  mother  anu  :ofant  and  an  opportunity  for  the  infants 
to  play  with  thsir  paara  which  c:?  important  raouiraments  to 
neip  mamtair.  their  bahaviOraS  mtegrtry  Offspring  nc.vasted  after 
a year  m the  compound  appear  bahaviorally  norma)  .md  show 
little  h«.:-.'pathology  Compound  breeding  it  also  an  economical 
method  for  the  rapid  production  of  young  animals  The  colony 
cer.  double  its  sue  about  every  two  end  e hetf  years.  Author 

23064  Royal  Air  Foren  Inat  of  Aviation  Medicine. 
* urntx>rough  (England) 

HYBRID  COMPUTING  A TECHNIQUE  FOR  THE  IMMEOI 
ATE  ANALYSIS  OF  PHYSIOLOGICAL  DATA 
G H Byford  In  AGARD  Currant  Status  m Aerospace  Mad 
Feb  1973  4 p rets  (For  availability  saa  N73  23057  14-041 

The  solution  must  include  a meant  *or  rejecting  that  part  of 
the  data  conaiderad  to  be  of  intie  importance,  a technique  for 
astaf^ishing  the  probable  difference  between  two  poasibly  cimilar 
recordings,  or  the  probable  similarity  batweun  twO  apparaiMly 
different  recordinge.  and  tr.''  speedy  processing  of  Osia.  » refetably 
but  not  nacatsarily  earned  during  the  experiment  Much  can 
be  done  with  simple  and  eaaily  understood  ataintics.  a ar^sii 
hybrid  compute*  enr)  the  allocation  of  • little  thought  to  the 
problam  as  s whole  rather  then  to  Its  leolatad  per..  These 
processes  ere  iH  "•t:aled  oy  considering  the  reel -time  anslytis  of 
e r.iultichennel  eicciruphyiiologicel  recording,  using  uncomplicated 
rnathematict  and  the  paraMet-senat  hybrid  computing  mataila- 
lK>n  Author 

N73  23065  School  of  Aerospace  Mjdic<n<>.  Brooke  AFB.  Tei 
Applia;'.  Physiology  Branch 

AEROMED1CAL  EVALUATION  OF  TH  ^hASED  DILUTION 
concept  for  oxygen  BREATHIN  'STEMS 
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ftobtri  W KruU.  Jf . W(Nt«m  J S^§rt.  K«nn«th  Q Gould.  Jr  ■ 
%nti  Ricturd  W 6«rKroft  in  AGARO  Current  Sl«tus  m A«ro«oec< 
Med  Fed  1973  7 p reft  (For  eveiitbihty  see  N73-23067 

M-04t 

Thte  teriet  of  ttudiet  wtt  detrpoed  to  rorr^pere  ide  reletrve 
effectiver>ttt  of  p^itod-dtlutioo  current  dernarwj-driuter 

oxypen  delrvery  tyttemt  in  endicielfy  ventilated  dog*  ar%d  m eeeted. 
Quietly  breethmg  hu.'ntnt  The  ariertel  oxygen  tan$*oo  ap 
proximetely  doubled  m the  canine  modal  with  the  phated  dilution 
oxygen  delivery  when  comparet  with  comparable  Quarttit*et  of 
piemixed  oiygen  at  ground  level  and  at  simulated  altitudes  of 
10.000  and  18.000  feet  m a decompretaion  chamber  Anenal 
oxygen  tentiona  m humans  breathing  in  a random  fashion  were 
higher  with  the  phased  dilution  oxygen  delivery  tYiiem  then  with 
compereble  Quantities  of  piemued  oxygen  Human  artenel  oxygen 
tensions  measured  wrth  the  photed-diiution  techriique  at  ground 
level  er>d  n<  a chamber  at  tubatmosphenc  pressures  equivalent 
to  altitudes  of  10.000  a*  u 16  000  feet  were  less  than  predicted 
from  the  canine  work  It  appears  th^i  tnis  more  limited 
effectiver^ts  it  closely  related  to  a respiratory  dead  tcace  effect 
ar>d  li  inHuerKed  by  frequen^^  / and  depth  of  breathing  with  a 
fixed  bolus  Author 


N 73  23066  Na^al  Aerospace  Med(cs>  Reserrch  Lab  New 
Orleans.  La 

SPECIALIZ60  ANTHROPOMETRY  RFOUIREMENTS  FOR 

PROTECTIVE  EQUIPMENT  EVALUATION 

Oahiel  J Thomas  in  AGARO  Current  Status  n Aerospace 

Med  Feb  1973  8 p refs  (For  avaiUb.'itv  see  N73-23057 

M-041 

Anthropometry  was  < onsidered  from  the  point  of  view  of 
Its  appiicetiOii  to  problems  of  proteciive-equ  pment  evaluation, 
human  impact  acceleration  experiments,  and  flying  personnel 
populations  The  difficulties  of  supoWing  data  for  all  three  arras 
of  endeavor  are  discussed  A tf.ree-dimensional  anatomically 
refarencad  basis  :or  recording  anthropometric  data  is  offered  as 
an  adaquate  approach  Coordinata  systems  for  ;he  head  and 
the  first  thoracic  vartebrat  body  are  described  Author 


N73-23067  Office  of  the  Air  Force  Su'geon  General  War.imjioo. 
DC 

HUMAN  EXPOSURE  CRITERIA  TO  LASER  ENERGY 
Donald  I Carter.  William  E Mabson  and  Jarnas  f Cul/er  In 
AGARO  Current  Status  <n  Aerospace  Med  Feb  1971*.  b p 
re*  (For  aveitabiiiiY  see  N73  23057  14  041 

The  United  Status  Air  Force  i$  adapting  laser  technology  to 
many  combat  and  combat  :/uppori  uses  Some  of  these  uses 
include  diftar'ice  measuring  to  assist  in  aiming  airborne  guns  *n 
the  AC- 130  gunships.  boresightmg  guns  on  fighter  aircraft,  and 
target  marking  for  accurate  aerial  bombmg  The  number  of  different 
lasers  and  their  uses  are  increasing  Since  these  high  energy 
monochrornatic  light  beams  can  produce  biological  damage  safe 
exposure  criteria  are  needed  to  assist  in  developing  safe  exposure 
distances,  protective  devices,  and  med<‘  al  surveillance  pro 
grams  Author 


N73-23066  Centro  di  Studi  u Ricerche  di  Medrcina  Aeronautica 
e Spa^iale  Rome  (Italy) 

STUDY  ON  SOME  AIR  FORCE  OPERATIONAL  ACTIVITIES 
IN  ITALY.  WITH  REFERENCE  TO  THERMAL  CONDITIONS 
AND  their  effects  ON  ACCEIERATICN  TOLERANCE 
AND  HSYCHOMOTOR  PERFORMANCE 

Ponir*  Rots  In  AGARO  Current  Status  m Aerospace  Med 
Feb  1973  10  p refs  IFor  availability  see  N73  2300/  14  u4i 

Climate  in  Italy,  in  summer  period  presents  such  cheraciens 
tins  that  in  Aif  Force  operational  activities  peri'oimance  of  AF 
personnel  can  be  affected  Sscause  of  this  x senes  of  researches 
was  earned  out  ir*-  this  held  After  a bnef  sur.ev  on  Tiam  features 
of  Ita'ian  climate  ar>d  summer  climatic  conjit»ons  ir.  some  Af 
bases  the  lesuiis  are  reported  on  microclimatic  dato  recorded 
m the  interior  of  the  cockpit  and  inside  motor  vehicles  cabms 
while  parking  in  s-jmmer  osylighi  period  Physiological  importance 
o'  these  data,  aivd  the  rHects  on  working  efliciency  are  discussed 


and  evaluated  by  meant  of  tome  heat  ttrett  indexes  Reeuitt 
of  experimental  parallel  retaarchet  are  alto  reported  to  ateeet 
the  effecu  on  acceleration  tolerance  artd  ptychomotor  perlorrn- 
ence.  of  ttiuetions  aimulaimg  tcramble  lake  off  Author 


NYA-IZYARI  Advisory  Group  for  Aerptpece  Retetrch  and 
Development.  Pant  (Frence) 

SPATIAL  DISORIENTATION  IN  FUOKT:  A HANDSOOK 

FOR  AIRCREW 

A w Benton  (RAF  Inst,  of  Avietion  Med  ) and  E BurcKerd  (German 
AF  Med  Corps)  Sep  1973  43  p refs 
(AGARD-AG-170)  Avail  NTIS  HC  *A25 

It  has  been  krvown  for  many  years  that  sircrsws/suffer  from 
false  sensatK>nt  and  perceptions  of  eircrsh  motion  srvd  that  these 
tilutior.s  may  hstsrd  ihs  safety  of  the  aircraft  arvd  its  occupants 
This  handbook  considers  the  various  mantfasttbons  of  spatiel 
d)torie>*‘<stion.  their  causes  and  consequences  for  the  bervefits  cf 
aircrews  and  their  msdicsl  attendants  Author 


N74- 13784*  Advisory  Group  for  Aerospace  Research  and 
Development  Pans  (France) 

PATHOPHYSIOLOGICAL  CONDITIONS  COMPATIBLE  WITH 
FLYING 

Hemi  S Fychi  ed  (German  Fed  Armed  Forces  Bonn)  Qci 
1973  iS2  p rels  In  ENGLISH  and  FRENCH  Presented  ai 
AGARO  Aerospace  Med  Panel  Specialist  Meetmg  Pensacola 
Fla  16  17  May  1973 
lAGARD-CP  129)  Avail  NTIS  HC  $9  75 

Medical  seiectioi^  and  maintenance  procedures  for  aircrews 
are  repo'-ed  The  effects  oi  ageing  lugru  stress  clinival  ar-.d 
psychophysioipgical  patholog>ca'  factors  on  pilot  flight  fitness  are 
considered  For  individual  titles  see  N74-13785  through 
N74  13806 


N74  13786  German  Federal  Armed  Forces  Bonn 

TECHNICAL  EVALUATION  REPORT.  CONCLUSION  AND 

recommendations 

Hem*  s Fuchs  In  aGAR(j  PathophysiOl  Conditions  Compatible 
Wih  Flying  Ocl  ’973  10  p tFof  availability  see  N74  13784 

OS  04, 

In  ih.e  past  physir:ai  standards  have  been  overly  conservative 
v'ecduse  it  was  necessaiy  to  base  ae'omedicai  criteria  on  medical 
concepts  derived  from  experience  wdh  diseased  states  m hospna* 
pat'ents  incieesmg  experiertce  wiih  aircrew  populations  based 
upon  specific  studies  to  disclose  the  relationships  between  the 
pathophysiology  of  early  disease  and  the  psycr^ODhysiuloyicol 
reauifements  of  flight  allows  a more  subiilued  mierpreiation  oi 
diagnostic  and  clmicd’  findings  and  g'v’S  now  a wider  and  safer 
prognosticaiiori  Therefore  it  is  believed  that  there  is  a luslification 
to  change  these  standards  based  upon  systernehc  and  scientific 
reevaigdtion  taking  advantage  of  newly  developed  knowledge 
and  rejeofch  lechmpues  Because  of  the  unique  nature  of  the 
ageing  aircre-  oulation  it  is  frequenUy  necessary  to  accomplish 
(his  fesear*.-'  •.;>  upor  the  flyers  Ihernselves  rather  than  to 
extiapoiate  fiom  ger.eiai  ’r-.edical  research  Author 

N74  13786  Na.  :i  Aerospace  Medical  Research  Lab  Pensacola 
Fu 

THE  THOUSAND  AVIATORS  AGING  AND  THE  BLOOD 
PRESSURE 

Ro^«erl  E Mitchell  in  AGARO  PalhophysiOl  Conditions 
CoiT'paiible  with  Flyinj  Ocl  1973  3 p iFor  availability  see 

N74  13784  05  04, 

S'  -vj  patterns  are  discussed  lo'  the  members  of  8 

»esedi--ri  group  over  a 3?  yna'  penoO  and  the  imphcahons  of 
the  patlurns  In  contrast  irj  whai  wa*^  previously  thought  to  be 
the  n.’rnely  that  blood  p'essure  levels  not  rise  with  increasing 

aqc*  trie  la'e«»i  suivey  indicates  that  thnre  are  many  ar»d  important 
e«cept«uns  !(>  th.s  yene'ai'tr  aher  45  veais  r)f  age  Smee  this  'S 
the  peiiod  when  n»ost  navai  aviators  entti  th«  administrative 
ptiave  of  then  ca'ners  the  imdi-  g hes  le«s  significance  than 
it  or  cur  red  at  ari  ea’lier  ag<*  frul  ha  , yieaip*  operai  ona*  significance 
in  the  case  of  commercial  airlme  piiois  inasmuch  as  these  n.en 
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conti*  • to  Ay  *t  00  it  would  sppotr  th«t  thil  lat«  oomi 
;«d  btood  preMur*  th«  rnort  liberal  atarwlardt 

fw<  .(Mton  to  Ai^i  iraming  At  tha  sama  lima  partonoai  m 
an  acifva  Aigbi  atatm  can  ba  allowed  to  continue  active  Aying 
if  no  complicatioi>a  ana  noted  and  treatment  it  not  irnlieatad 

Author 

N74- 13787  Naval  Aaroapace  Madicai  Raaaarch  Ub  . Panaacole. 
Fla 

EUVATEO  BLOOD  PRESSURE  IN  AIRCREW 

0 R Stoop.  K C Stanton  and  D 0 Brown  In  aGARO 
PathophYSiol  Conditiors  Compatibla  with  Flying  Oct  1973  6 p 
(For  availability  see  N74  13764  Ob  04) 

The  evaluation  n inagement.  and  d<apo^it»on  of  the  aircrew 
With  elevated  blood  pressure  are  frequently  difficult  proolama 
Analysis  of  evaluations  reveals  an  obviOus  roluctarvie  on  tha 
part  of  the  physician  to  establish  a diagnosis  of  hypertension 
and  a tenderKy  to  avoid  drug  tharapy  m spite  of  accepted 
evidence  that  early  treatment  reduces  morbidity  the  implications 
ar>d  potential  problems  m this  approach  ha^e  been  discussed. 
sr>d  current  precttces  end  policies  regarding  the  aircrew  with 
hypertension  have  been  presented  and  defended  Author 

N74-1378B  School  of  Aerospace  Medicne  Broohs  AFB  Tet 
Internal  Medicine  Branch 

RETURNING  AIRMEN  WITH  ABNORMAL  EXERCISE  TESTS 
AND  NORMAL  CORONARY  ANGIOGRAMS  TO  FLYING 
STATUS 

Victor  F Ffoelicher.  Frank  G Yanowiti  A J Thompson,  and 
Malcolm  C Lancaster  In  AGARO  Pathophysiol  Conditions 
Conipalibie  with  Fiyiny  Out  1373  7 ^ refs  (for  avd-lability 

see  N74  13784  <JS  CM) 


Individuals  with  $T  ss^ment  changes  during  ar,d/or  after 
exercise  are  considered  to'have  an  increased  risk  of  developing 
the  manifestations  of  CAQI  K^vonary  Artery  Disease)  However, 
it  15  also  known  that  both 'the  double  Maste  s test  and  maximal 
treadmill  testing  yield  false  positive  and  negative  results  reactive 
to  CAO  The  results  of  coronary  angiography  are  presented  m 
63  esymptometic  aircrewmen  with  resting  repoleniation  abnormal' 
iiies  and  exercise  :es(ing  responses  suggestive  of  coronary  artery 
disease  Fifty-four  per  cent  had  angiographic  coronary  <aery 
diseasa  and  many  had  high  n$k  lesions  Forty  su  per  cent  had 
no  angiographic  lesions  and  were  recommervled  *or  return  to 
flying  duties  The  hndings  m this  study,  the  lack  oi  significant 
complications,  the  concern  for  public  safety  and  the  economics 
of  maintaining  a (lying  force  lustify  tha  continued  use  of  elective 
coronary  ang>ography  in  selected  asymptomatic  aircrewmen 


Author 


N74-137B9  School  of  Aerospace  Medicme.  Jrooks  AF8  Tex 
Applied  Phytiotogy  B>anch 

MYOCARDIAL  AND  CEREBRAL  FUNCTION  DURING 
EXPOSURE  TO  CARBON  MONOXIDE 

Howard  H Erickson  and  Milton  J Hernandei  Perez  in  AOARO 
Pathophysiol  Conditions  Compatible  with  Flying  Oft  1973  6 p 
refs  (For  availability  see  N/4  13784  05  04) 

Airciew  members  exposed  to  carbon  monoxide  may  sustain 
an  increase  m coronery  blood  flow  and  a reduction  m oxygen 
delivery  to  the  heart  and  bram  These  factors  may  result  m e 
decrement  in  .man  s performance  in  ctrategic  and  tactical  weapon 
systems  m an  enemy  defense  environment  Since  many  of  the 
siiesses  ••  such  as  physical  exertion,  altitude  hypoxis  and 
acceieraticn  ••  ara  cumutative.  carbon  monoxide  may  affect  the 
heart  and  cardiovascular  i^yatem  of  man  during  operational  flying 
by  decreasing  still  (unher  the  oxygen  supply  and  reserve  m the 
heart  end  bram  Author 

N74-13790  Hopiia*  d Instruction  des  Armees.  Versailles 
(France) 

CARDIAC  VALVUL0PATHII8  AND  FLIGHT  TOLERENCE 
(CARDlOPATHtES  VALVULAIRES  ET  TOLERANCE  AU 
VOLl 

G Leguey  In  AGA.3D  Paihoi'hysiol  Condn  wOs  Compatible 
with  Flying  Oct  197L’-  12  p reis  In  FRENCH  (For  availability 

see  N74  13784  05-0i) 

Due  to  exceptional  ‘^t.'cumMances  8 pilots  suffering  from 


eoHtc  insufficiency,  aortic  ■ierK>sn.  end  mitrelts  sienotie  have 
been  on  Rying  Meius.  eeromed:cellv  monitored  up  to  16  er>d 
20  years  The  cardrec  valviUopethtes  raise  e twofold  problem 
they  may  potentially  ertderHvar  flight  safety  by  '‘:ading  to  e sudden 
cardiac  syrtcopc  and  they  can  be  aggravated  by  flying,  particularly 
by  acceleretion  forces  Flight  safety,  however,  has  rtever  been 
ihreeter>ed  by  these  aircrew  m the  light  of  experience  over  several 
years  The  tolsrence  of  fiyir>g  pilots  suffering  from  moderate  aortic 
insuffKiency  seems  satisfactory,  m particular  m fighter  pilots 
sxposed  to  high  g- loads  Author 

N74- 13791  Centre  Principal  d Expertises  Medicates  du  Personnel 
Navigent.  Paris  (Frencs) 

VALUE  OF  CARDIAC  MECHANOORAMS  IN  EVALUATING 
FLYIK3  PERSONNEL  (INTERET  DES  MECANOGRAMME8 
CAROIAQUE8  DANS  LEXPERTI8E  DU  PERSONNEL 
NAVIOANT) 

R Carre.  C Noguas.  and  B Raviart  M AGARO  Pathophysiol 
Conditions  Compatibls  with  Flying  Oct  1973  1<^  p refs  In 

FRENCH  (For  availability  see  N74- 13784  05  04) 

Cerdis:  mecher>ograms  provide  useful  information  m the 
medical  evelueiion  of  aircrew  and  are  obtained  fast  and  easily 
by  e r^onir.vasive  technique  The  cardiogram  itself  provides  an 
estimate  of  the  elesticitv  of  the  arterial  wall,  and  m that  way 
gives  criteria  (or  atherosclerosis  The  combined  use  of  chronocar* 
diographic  methods  (EGG.  cardiogram)  provides  an  opportunity 
of  validating  the  cor^tractibiiity  of  the  cardiac  muscia  These 
methods  are  important  *n  tha  cardiologic  survey  of  eucrew.  both 
to  detect  atherosclerosis  and  mor^itor  arterial  hypertension 

Author 

NV4*  137S2  Hopiial  d Instruction  des  Armees  Versailles  (France) 
Service  de  Medecme  Aeror^autique 

ASTHMA  IN  MILITARY  4LYING  PERSONNEL  (L'ASTHME 
DA48  LE  PERSONNEL  NAVIGANT  MILITAIRE) 

R Pannier  In  aGARD  rethophysiol  Conditions  Compatible 
with  Flying  Oct  1973  8 p re($  In  FRENCH  (For  availebitily 
see  N74- 13784  06  04) 

Detection  of  bronchial  asthma  is  based  mamly  on  actually 
observed  acute  episodes  That  is  the  reason  why  applicants  for 
fi  ght  training  will  be  accepted  unless  they  ere  subjected  to  en 
acetyicholin  test  It  is  well  known  that  patients  with  bronchial 
asthma  benefit  from  flying  However  because  ol  its  serious 
consequences  il  it  occurrs  m flight,  bronchial  asthma  is  considered 
to  jeopardize  flight  safety  It  is  important  *o  realize  that  treatments 
have  to  be  adapted  to  the  aircrew  ia-«s  since  some  medications 
may  be  contramdiceied  for  flying  ar.iiviiies  m view  of  their 
seconoery  effects  Tnerefore.  applicants  (or  fiymg  dunes  suKermg 
from  broncfiial  asthma  must  be  rajected.  arcrew  who  develop 
bronchial  asthm#  during  an  established  career  might  be  considered 
for  a waiver  on  an  mdividual  basis  but  as  a rule  they  will  not 
be  aulhortzed  lor  primary  control  o*  aircraft  Author 

N74-13793  Hopitai  d Instruction  des  Armees.  Versailles 
(Frence) 

IDIOPATHIC  SPONTANEOUS  PNEUMOTHORAX  IN  FLYiNC 

personnel  |le  pneumothorax  SPONTANE  IDI 

OPATHIQUe  DANS  LE  PERSONNEL  NAVIGANT) 

Roger  Penmer  In  AQARD  Pathophysiol  Conditions  Compatible 
with  Fty  nq  Oct  1973  6 p In  FRENCH  (For  availability  see 

N74  13784  C5  04) 

Rupture  of  subpleur^l  Webs  >s  considered  »ha  most  frequent 
cause  of  idiopathic  spontaneous  pneumothorax  Idiopathic 
Spcnieneous  pnrur  othorax  can  occur  m flight  in  the  course  of 
rapid  decompression,  by  ascent  to  altitude  both  m flight  and  m 
an  altitude  chambe'  when  trapped  an  within  these  blebs  expends 
and  ruptures  the  thm  pleural  ley®'  Lt  an  hydrosiauc  h©mod*/riam!C 
effect  Of  incidentally  without  any  concomitant  exertion  or  any 
physicei  stress  A >plicdnis  for  Might  training  reporting  one  episode 
of  idiopathic  spontaneous  pneumothorax  must  be  rejected,  aircrew 
on  active  duty  and  with  an  established  flying  career  must  be 
grounded  unless  they  hsve  undergo. le  successful  pulmonary 
Surgery  Ten  out  o(  thirteen  aircrew  who  suffered  from  idiopathic 
spontaneous  pneumothorax  were  kepi  on  flying  status  effer 
successful  pulmonary  surge.-y  The  time  of  grounding  langed  front 
3 to  14  months  Author 
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N74-13704  C«n|r«  d CtMiS  «n  Vol.  Br^ligny  tor-OrQ*  ifranct) 
AIMCACW‘8  FITNESS  FOR  FLYING  DUTIES  AFTER  VERTE 
SRAL  FRACTURES  AND  SPINAL  SURGERY  (APTITUDE 
AU  VOL  DU  PERSONNEL  NAVIQANT  APRES  FRACTURES 
OU  RACHI8  ET  INTERVENTIONS  CHIRUROICALES  SUR 
LA  COLONNE  VERTCBRALE) 

Roiand'PtuI  Oei«haye  (Service  da  Santa  pour  I Armaa  da  I Air. 
Paris).  Roben  Autirat.  Jacquus  Mina  (Hopnal  8agm.  Samt-Manda) 
and  Piarra-Jean  Maigat  (Hopnal  Bagm.  Samt-Manda)  in  aGARO 
Paihophysiol  ConditKsns  Compatibla  with  Flying  Oct  1973  7 p 
refs  H FRENCH  (For  availability  >aa  N74- 13784  OS-04) 

Soma  features  of  flyirig  such  as  vibration  and  accelerations 
niay  sensitiie  the  spme.  eteciion  seat  bail  out  and/or  crash  can 
result  in  more  or  less  deleterious  spme  miunes  ar>d  fractures 
After  every  accident,  spmal  disorders,  or  spmal  surgery  aircrew 
must  be  reexanriined  for  flying  fitness  After  fractures  it  is  of  the 
utmost  imponance  to  determine  the  degree  of  spmal  stability  or 
instability,  sucf  as  after  spmal  disorders  eg  osteoarthrosis  or 
arthros'S.  or  su'gery  (laminectomy),  or  surgery  for  disc  hernias 
or  spondylolisthesis  Special  ernphasis  has  been  given  to  the 
evaluation  of  aircrew  with  lepeaied  vertebral  traumas  on  damaged 
spines  and  fractures  after  surgery  for  spmal  conditions  Author 

N74  1379F  Iristilute  of  Aviation  Medicme.  Fuerstenfeldbruck 
(West  Germany) 

THE  RISK  OF  MINOR  SPINAL  ABNORMALITIES  IN 
AIRCREWS  EVALUATION  OF  EJECTION  CASES 
A Sack  In  AGARO  Pathophysiol  Conditions  Compatible  with 
Flying  Oct  1973  4 p refs  (For  availability  see  N74-13784 

05  04) 

An  attempt  has  been  mede  to  determine  pre  existing  spmal 
abfiormaiiues  in  ai<ci«w  wimCm  may  ha«e  had  a dotnmer^ta!  effect 
on  the  traumatic  events  retrospectively  le  after  fracture  of  (he 
vertibral  body  had  occured  The  collection  of  these  findings  was 
compared  with  coses  of  election  seat  bailouts  without  injuries 
or  fractures  >n  order  to  recogni2e  morphological  alterations  which 
may  povsibie  be  conducive  to  fracture  Author 

N74' 13796  Advisory  G roup  fer  Aerospace  Research  and 
Oevelopment  Pans  (Fraocel 

AERONAUTICAL  REHABILITATION  OF  FLYING  PER 
SONNEL  SUFFERING  '^ROM  ACUTE  PSYCHIATRIC 
DISTURBANCES  (LA  REHA0IUTATION  AE ROi'MUTIQUE 
0E8  MEM8RES  OU  PERSONNEL  NAVIQANT  AYANT 
PRC8ENTE  DES  TROUBLES  PSYCHIATRIQUES  AiGUSi 
fl  Geliy  and  J C Hadni  /n  ,r?  Palhophysiol  Conditions  CompatiOJe 
with  Flying  Oct  1973  9 p In  FRENCH  (For  availability  see 

N74  1 3784  05  04| 

Acute  psychiatric  symptoms  combined  with  behav'orai 
anomalies  ^re  normally  deromedic<ti  reasons  for  reiertion  both 
IfOm  flym-y  and  l»om  regular  military  service  Based  on  an  extensive 
casf*  reporl  Survey.  It  can  be  demonstrrted  fairly  clearly  that 
such  decisions  are  not  always  justified  Each  case  must  be 
considered  frorn  an  individual  viewpoint  since  iri  many  cases 
psychiatric  symptoms  and  behavioral  anomalies  cannot  be 
diagnosed  w<th  absolute  certainty  in  particular  some  obviously 
serious  crises  merely  reflect  individual  difficulties  >n  the  cour:;e 
of  idaptaiion  Any  decision  must  therefore  be  baseC  on  a diagnosis 
of  t personality  structure  and  personality  tests  must  be 
considered  a rnator  eiement  of  psychopathotogical  diagnosis 
Psychotherapy  can  bnrig  lo  a sjt.sfactory  solution  some 
psychiatric  syndromes  which  have  been  lO  the  past  considered 
irreversible  However  psychotherapy  m order  to  he  successful 
must  be  associated  with  concurrent  actions  both  m the  professional 
environment  and  m further  flymg  training.  e*c  Under  these 
conditions  the  rehabilitation  for  fiymg  duues  of  aircrew  who  had 
acute  psychiatric  troubles,  possible  Author 

N74  13707  nvtiiuie  of  Avation  Medicine.  Fuerstenfe  dbruck 
(Wesl  Gerrn*-‘Y) 

IMPORTANCE  OF  THE  4 6 c sec  RHYTHM  IN  THE  EEQ 

TO  determine  MILITARt  flying  FITNF.SS 

H OberhoU  In  AGARO  Pathophysiol  Conditions  Compatible 
with  Flying  Oct  1973  3 d refs  (Foi  aveilabihty  see  N 74 - 1 3784 
05  04) 

The  4 5 c/sac  ihythm  is  probably  a genetically  determined 


variant  of  the  normal  EEC  which  may  easily  be  mis.nierpreiad 
as  a fairly  sanoui  ganaral  altaratton  of  the  EEG  In  order  to 
differentrata  betwean  similar  EEG  patterns,  the  charactanstics  of 
this  EIG-variatst  ar>d  the  special  mode  of  EEG  registration  were 
discussed  and  appropriate  EEG  s demonstrated  From  the 
literature,  the  results  of  femily  examinations  mctudii^g  possible 
causes  of  these  E'G  vanants  ware  presented  Psychological 
p4»culiafities  in  pars  ms  showing  this  EEG  variant  ware  arrphasiiad 
artd  csieria  for  tha  assessment  of  military  flying  fitness  and 
preventive  measures  were  proposed  Cesas  fournj  were  anelysed 
artd  ihe  procedures  applied  to  variant  earners  presented  Author 

N74-13798  Centre  Principal  d Expemses  Msdicaiss  du  Personrsi 
Navigant.  Paris  (France) 

OPHTHALMOLOGICAL  SUPERVISION  OF  DIABETIC 
FLYING  PERSONNEL  (SURVEILLANCE  OPHTAlMO 
LOG10UE  DU  PERSONNEL  NAVIGANT  OIABETIQUE) 

J P Chevaleraud  and  0 Perdnat  In  AGARD  Pathophysiol 
Conditions  Compatible  wth  Flying  Oct  1973  5 p In  FRCNCH 
(For  availability  see  N74  13784  05  04) 

With  reference  to  diabetes  melhtus  the  ophthalmologist  s 
role  can  be  twofold,  through  his  special  examinations  he  can 
delect  this  disorder  very  early  and  he  can  monitor  its  different 
forms,  its  several  steps  of  evolui  on.  ar>d  iti>  implications  for 
flying  fitness  Based  on  broad  cimically  and  functionally  oner'ied 
knowledge  and  eiectrophysiological  experience  some  interesting 
proposals  lor  the  evaluation  of  aircrews  who  suffer  from  different 
forms  of  diabetes  mellilus  are  reported  Author 

N74-13799  School  of  Aerospace  Medicme.  Brooks  AFB.  Tex 
Aerospace  Medical  Oiv 

MANAGEMENT  OF  GLAUCOMA  IN  AN  AGEING  FLYING 
POPULATION 

Thorr^as  J TrediC'  James  L Mims  III  and  James  F Culver  In 
AGARO  Pathophysiol  Conditions  Compatible  with  Flying  Oct 
1973  3 p refs  (For  availability  see  N74  13784  05  04) 

Ageing  has  definite  and  certain  predictable  effects  on  the 
visual  apparatus  Loss  of  accommodation  with  age  hampers 
impenant  visual  tasks  in  the  cockpit  Disease  processes  that  are 
common  in  any  population  will  eventually  also  affect  the  flyer 
The  occu'rence  of  narrow  angle  glaucoma  m the  flying  population 
IS  so  small  that  it  is  insignificant  however  with  relative  maturahon 
of  a flying  force  a 2 to  3 percent  figure  does  become  significant 
Glaucoma  strikes  a flyer  after  a great  deal  of  time  and  money 
have  been  expended  m his  training  and  when  his  experience 
could  be  utilized  to  the  maximum  Medical  grounding  of  a 
Significant  number  of  experienced  flye-'s  can  be  considered  a 
loss  Many  flyers  with  increased  intraocular  pressure  have  been 
retained  ori  fiymg  status  by  a rationale  of  diagnosis  and 
treatment  The  visual  effects  of  drugs  utilized  in  the  treatment 
of  glaucoma  have  been  evaluated  Presently  only  intraocular 
tension  lowering  drugs  hat  do  not  effect  visual  function  are 
being  used  Author 


N74- 13800  Centre  Principal  d Expertises  Medicates  du  Personnel 
Nav*9eni.  Paris  (France) 

CURRENT  ASPECTS  OF  COCHLEAR  FUNCTION  APPLIED 
TO^flVING  personnel  (ASPECT  ACTUEL  OE  LA 
FOllCVIOM  COCHLEAIRE  CHE2  LE  PERSONNEL  NAVI 
GA.VTJ 

P Blanc  ind  J Bastien  (DCSSA  Pansl  In  AGARO  Pathophysiol 
Conditions  Compatible  with  Fiymg  Qct  19  73  3 p in  FRENCH 
(For  ava-lal'ilitv  see  N74  13704  05  041 

This  9- /ears  survey  is  based  upon  6 024  audiograms  of 
flying  persor  r.ai  who  have  been  rated  for  at  least  two  years 
The  results  o*  this  investigation  can  be  summarized  as  follows 
ill  Any  baiubdurria  o.'  the  m.ddie  ear  rr.ay  be  neglected,  rn  air 
passenger  who  has  had  stapedectomy  for  otosclerosis  may  travel 
by  air  without  imy  nsk  I2l  occupetional  deafness  was  not  found 
in  fly:ng  personnel  under  investigation  (3l  hearing  discrimination 
deficMs  wore  f-iuno  m some  individuals  since  the  aviation 
operational  envr  onmeni  stresses  aircrew  by  its  considerable  noise 
levels  and  (4)  12  aircrew  witn  intac!  ear  drums  were  found  to 
be  Suffering  frori  moderate  conduction  deafness  and  presenting 
the  classic  otosc  erotic  syndrome  Two  of  them  underwent  cochlear 
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•ur9«rv  and  Mva  flown  to  data  I 000  flyioQ  aach  Tha 
audfomatnc  raaults  prodocad  by  aufgery  ramainad  aicailam 

Authof 


N74<  13901  Instituta  of  Aviation  Madtcina.  Fuaratanfatdbruck 
(Watt  Garmany) 

PURE  TOME  HEAPING  LOSSES  IN  PILOTS  OF  VAPIOUS 
AINCPAFT.  AQE  AND  FLYING  TIME  AND  ITS  SI0NI5I 
CANCE  FOR  INFUQHT  8(>EECH  COMMUNICATION 
G H Froahlich  In  AGAftO  Patbophytiol  Conditiont  Compaiibla 
with  Flying  Oct  1973  4 p {For  avaHability  taa  N74- 13784 

05  04} 

Tha  punch  cards  o(  ?000  pilots  mvattiQatad  >n  1971  have 
baan  taoaraiad  into  4 groups  of  flying  time  latpectively  aga 
tubdividad  into  pilots  of  lat  aircraft,  piston  angmad  aircraft  and 
halicoptars  High  lona  haanng  lotsas  ware  increasing  with  age 
ar>d  flying  time  and  m helicopter  pilots  more  rapidly  than  m 
pilots  of  the  other  types  of  aircraft  A number  of  pilot  $ speech 
audiograms  have  been  investigated  The  irielligibiliry  scores  of 
hearing  losao'.  above  3000  H2  ware  excellent  end  there  are  no 
problems  with  inflight  speech  communications  Hearing  losses 
above  2000  Hi  resulted  m inialiigibility  scores  of  72%  at  low 
and  85%  a.  medium  speech  levels  Less  than  10%  of  the  pilots 
above  45  years  of  age  hed  hearing  losses  above  1500  Hi  At 
medium  speech  levels  they  obtained  only  a score  of  70%.  100% 
are  frequently  not  reached  even  with  high  speech  levels  Together 
with  the  masking  effect  of  inflight  cabin  noise.  voice  communica- 
tion might  be  endangered,  especially  <f  the  attenuation  characteris- 
tics of  heedsets  and  flying  helmets  are  poor  In  these  cases, 
the  use  of  properly  fitting  headgar  is  especially  important  to 
insure  a f8vorib»e  no'se  to  speech  'atio  Author 

N74-130O2  Hopital  d Insiruc'ion  des  Armee^.  Versailles 
(France) 

PROTEINURIAS  IN  FLYING  PERSONNEL  (PROTEINURICS 
ET  PERSONNEL  NAVIGANT) 

G Leguay  /n  aGARD  Pathophysiol  Conditions  Compatible 
with  Flying  Oct  1973  12  0 In  FRENCH  (For  availability  see 

N74-13784  05  <34) 

Proteinurias  have  boen  found  much  more  frequently  among 
air  (ranspoil  aircrew  than  in  fighter  pilots  More  than  u0%  of  all 
cases  have  been  observed  -n  aircrew  between  20  and  25  years 
of  age  which  is  obviously  caused  by  the  age  dependant 
inciderKe  of  the  orthostatic  proteinuria  Chrome  proten.onas  are 
in  most  instarKes  caused  by  chronic  glomerulopathies  If  this 
condition  IS  clinically  stabiiiied  it  may  be  considered  compatible 
with  flying  OflB'Bnce  •mp8!fment.  however,  .necessitatis  a 
special  diet,  artd  the  existence  o*  a marked  hypertension  es 
well  as  the  irKompatibility  w»lh  vaccinations  irtdicatas  grounding 
of  these  aircrew  To  verify  the  interaction  of  proteinurias  and 
flying  several  individuals  were  exposed  to  acceleration  forces 
on  the  human  centrifuge  No  significant  changes  of  proteinuria 
were  obeerved  dunrvg  or  after  the  centrifuge  rides  However 
barometric  stresses  which  occur  when  flying  at  different  altitudes 
mey  be  c~nsidered  dangerous  Since  these  barometric  pressure 
differences  can  execerbate  infectious  lesions  m ENT  areas 

Muthm 

N74-13S03  School  of  Aerospace  Medicine.  Brooks  AFB.  Tex 
THE  OCCURRENCE  Or  HYPERLIPIDEMIA  *H  FLYING  AND 
NONFLYING  SUBJECTS  OF  the  USAFSAM  CAR 
DIOVASCULAR  DISEASE  STUDY 

Dale  A Oerk.  Kenneth  A Narahara.  and  Margaret  F Allen  fn 
AGARO  Pathophysiol  Conditions  C^ompatible  wiln  Flying  Oci 
1973  6 p refs  (For  aveiletulily  tee  N74-13784  05-o4) 

The  subfecis  of  a cardiovascular  disease  study  war#  sepereted 
into  flying  and  noo-flying  groups,  and  the  occurrence  of 
elevated  hpid  levels  m these  groups  was  tabulated  The  question 
of  interest  wet  whether  the  stresses  of  flight  elevate  serum 
choletteroi  and  predisoose  pilots  to  the  development  of  athero- 
sclerotic been  disease  Nor>e  of  the  percentages  obtained  m 
thie  invettigetion  diffei  significantly  between  th*)  two  groups 
Theee  data  therefore  indicate  that  the  streeses  associated  with 
flying  have  no  more  affect  on  eerum  iipids  than  do  the  streeeee 


experienced  by  a group  of  non  flying  officers  A coroflery  inference 
IS  that  the  prognoetio  eignificence  of  a given  serum  iipid  level  is 
the  seme  whether  observed  in  a flying  or  a non-flyir>g  officer 

Author 

N74-13S04  Advisory  Group  for  Aerospace  Research  end 
Development.  Pans  (France) 

THE  PROBUM  OF  DIABETES  MELLITUS  IN  AVIATION 
MEDICINE 

Gerhard  Reriftle  in  itt  Pathophysiol.  Corvditions  Fompetible  with 
Flying  Oct  1973  7 p refs  (For  availability  see  N74-137S4 

05  04) 

Problems  in  aviation  medicine  which  diabetes  melhtus  ruse 
regulations,  waivei diet,  and  hypoglycemic  agents,  are  discussed 
While  the  incidence  rate  is  relatively  low  m student  pilots,  e 
higher  number  of  cases  is  found  during  foMow-up  examinations 
among  experienced  eenior  or  commartd  pilots  Onset  at  age  20 
to  40  may  have  the  course  of  either  luvemle  or  adult  type 
Annual  evaluation  of  carbohydrate  metabolism  with  a starvlard 
glucose  tolerance  test  should  be  mandatory  for  every  military  or 
commercial  pilot  and  every  private  pilot  after  age  40  As 
sulfonyluraas  may  cause  hypoglycemia,  any  antidiabetic  therapy 
should  r^ot  be  considered  compatible  with  flying  duties  Individuals 
With  decreased  carbohydrate  metabolism  tend  to  hypoglycemic 
reactions  especially  m haiardous  situations  or  fasting  periods 
Waivers  should  be  granted  only  for  diabetic  pilots  whose 
carbohydrate  metabolism  is  fully  controlled  with  diet,  confirmed 
by  daily  testing  of  unne  ar^d  frequent  ;;ostorar>dial  blood  Sugar 
examinations  A case  report  illustrates  the  fluctuating  and 
reversible  course  of  an  incipient  diabetes  ar>d  its  effective 
management  in  a highly  motivated  and  cooperative  senior  pilot 

Author 

N74*  13805  School  ot  Aerospace  Medicme.  Brooks  AFB.  Tex 

THE  REPEATABILITY  OF  AN  ABNORMAL  2 HOUR 
GLUCOSE  TOLERANCE  TEST 

J F Trabai.  R G Troxler.  and  M C Lancaster  M AGAHD 
Pathophysiol  Conditions  Compatible  with  Flying  Oct  1973  b p 
refs  (For  availability  see  N74- 13784  05-04) 

The  diagnosis  of  diabetes  melhtus  not  only  implies  a chrome 
abnormality  of  carbohydrate  metabolism  and  an  incre^a.d  risk 
of  premature  vascular  disease,  but  m the  flyer,  this  diagnosis 
implies  an  increased  risk  to  Mymg  safety  by  reason  of  physical 
performance  degradation  The  glucose  tolerance  test  (GTT)  m 
the  accepted  standard  lor  the  diagnosis  of  nonmamtesi  dmbetes 
A study  of  the  repeatebitiiy  of  the  2-hour  GTT  was  earned  out 
■n  162  flyers  who  had  an  initial  GTT  and  a repeat  GTT  from 

6 ■ 24  months  later  Of  those  initial  tests  considered  abnormal 

55  10  60%  reveled  lo  norma'  on  the  repeat  test  The  repeetsbihty 
of  the  GTT  varied  with  the  criteria  useo  and  with  the  number 
of  points  on  the  GTT  curve  that  was  considered  The  effects  of 
stress  on  glucose  meiabchsm  end  the  results  of  the  modificetion 
of  the  criteria  for  the  diagnosis  of  diabetes  are  discussed  The 
results  of  this  study  illustreie  the  importance  of  basic  definitions 
of  diagnostic  criteria  lor  diseases  which  have  a long  term  effect 
on  the  health  of  the  flying  population  Author 

N/4-13S06  Institute  of  Aviation  Medicine.  Fuerstenfeldbruck 
(West  Germany) 

GERMAN  AIR  FORCE  EXPERIENCES  WITH  CERTAIN 
CRITERIA  FOR  GRANTING  A WAIVER 

Gjemher  Schirrmann  In  AGARD  Pathophysmi  Conditions 
Compatible  with  Flying  Oct  1973  4 p refs  (For  availability 

see  N74  13784  05  04i 

Duong  ? peruAJ  of  13  years  there  were  2B.699  periodic 
physical  exar  mahons  of  aircrew  with  602  granted  warvers  These 
medical  wiivers  were  p'lmarily  granted  m the  disciplines  of 
ophth jlrr>oioqv  and  internal  medicma  arid  seem  to  be  iurtif<ed 
even  after  i critical  review  Prerequisite  to  this  procedure  is  not 
only  a profound  medical  knowledge  and  kr>ow-how.  but  also 
comprehensive  fligU  surgeons  experience  A correlation  of 
accidants/incidents  caused  by  pilots  with  end  without  waivers 
irMjicelea  practically  identical  findings  whila  ttie  aircraft  accident 
rate  was  3 76%  for  pilots  flymg  without  a waiver,  it  was  3.45% 
for  pilots  nyir>g  with  a waiver  end  le  therefore  identicel  An 
ar^alyan  of  aircraft  accidents  involving  the  waiver  group  revealed 
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no  ovidanc*  indiciting  Ihti  w«ivtr«  *r«  • tngo^nng  or  contnbutirtQ 
lactor  m accKtonu  TTm  procadur*  Moma  lo  bo  tufficiom  to 
•limintta  all  ttyirvg  Mfoty  ntk*  Author 


N74-1t77t|  Artvioory  Group  (or  Aoroopaco  (tOMarch  and 
Oawolopmant.  Pana  (Frartcal. 

CUNICAL  PSVCHOLOOV  AND  PSYCHIATRY  OF  THE 
AEROSPACE  OPERAnONAL  ENVIRONMENT 

P J OConrror.  ad  (Roy  Air  Foret  Cantral  Mad  Eat  I Dae 
1973  08  p taN  Praaamad  at  AGARO  Aetoapaca  Mad  Panal 
Spacialiala  Maaimg.  Soaatarbarg.  Neiharlanda.  6 Sap  1973 
(AGARD-CP  133)  Avail  NTlS  HC  Sd  SC 

Siraaaat  mharant  in  the  military  tircraw  rola  ara  aum 
maruad  Summary  data  covar  lifa  atraaaaa.  ralaiionship  of  domaalic 
atrota  to  oparational  alficiat  cy.  artd  motivation  Data  ara  alao 
gtvan  on  atructural  artomaliaa  of  lha  brain  and  its  affacta  on 
flying  and  phobic  Right  reaction  Several  methods  of  treating 
paychiatnc  Illnaaa  are  included  For  individual  mlai.  saa  N74- 
18780  through  N74-18791 

N74-18780  Gaustad  Mantel  Hospital.  Oslo  (Norway)  EEQ 
Raeaarch  Intt 

MENTAL  ANO  PHYSIOLOGICAL  ENVIRONMENTAL 
REOUIREMENTS  IN  MANNED  FUOHTS 
C W Sam-Jacobaan  M AGARD  Cm  Psychol  and  Paychiat 
of  the  Aaroapaca  Operational  Environ  Dec  1973  6 p raft 

(For  availability  saa  N74  18779  10  041 

A study  waa  mada  of  tha  training  and  msmtansnee  of  ttiday  s 
pilot  with  raapact  to  hit  physiological  and  menial  anvuonmant 
Special  attaniion  waa  placed  on  a complete  monitoring  ol  pilots 
under  operational  condn.ons  to  map  out  his  tolaranca  anc* 
raquirsmanta  tor  full  adiciancy  k M W 

N74-18781  Institute  of  Aviation  Madicma.  Fuarstcniairtbruck 
(West  Gaimsnyl 

FEAR  OF  FLYINO  ANO  ITS  TREATMENT 

K Carbon  and  H Obarholi  In  AGARO  Qm  Payclyi  and 
Paychiat  of  the  Aaroapaca  Opaiat.onal  cnv.ron  Oac  1973  6 p 
rafa  (For  availabiMy  aaa  N74- 10779  10-<J4) 

A clinical  sRon  was  made  to  treal  ana  return  to  flying 
Sfatua.  pilots  m whom  psychic,  performance  ar.d  behavioral 
irragularitias  were  Cited  Pedicular  attention  was  givan  lo  pilots 
with  fear  of  Rymg  Traatmant  was  bated  cn  quasi  fherepaut  c 
intarviawa.  conflict  cantered  counseling,  physi'.a)  axarcir.e  triarspy. 
and  individuallY  directed  flymg  rehabilitation  orograms  E H W 

N74-18782  Royal  Ai-  Force  Cent  al  Medical  Establishment. 
London  (England) 

RESULTS  OF  BEHAVIOUR  THERAPY  IN  FLYINO  PH08IA 

P J OC^nnor.  J A (jsier.  and  J W Rollins  In  AGARO  Clin 
Psychol  and  Paychiat  of  the  Aeioapace  Operational  Environ 
Dec  1973  3 p (For  availability  see  N74- 18779  10  041 

Tha  traatrrtant  of  military  craws  and  pilots  for  flying  phobia 
by  behavior  therapy  is  discussed  Treatment  was  divided  into 
thrae  aeries  In  series  1 seven  cases  we'a  tresled  Only  men 
vrho  ware  highly  molivtied  towards  military  flying  and  possessed 
a robust  personality  ware  selected  Sisleen  consecutive  cates 
were  treated  m Series  2 No  selection  was  made,  all  personnel 
diagnosed  at  havirtg  flying  phobia  were  spitted  for  treatment 
After  evaluating  the  lasuiia  n was  decided  to  reven  to  treating 
taltcl  cates  Sanec  3 had  eight  cates  All  men  •elected  uecaute 
they  had  good  progrtosis  for  recovery  It  was  cortcludad  that 
there  It  a better  chance  of  improving  a pilot  with  flying  phobia 
to  lha  point  where  he  can  fly  tinning  type  e>rcrefl  than  for 
gelling  him  well  enough  to  return  to  high  performance  aircraft 

Author 

N74-18783  Royal  Ait  Force  Farnborough  (England) 

A8SE88MENT  OF  BEHAVIOUR  THERAPY  IN  THE  TREAT 
MENT  OF  FLYINO  PHOBIAS 

A B Goomey  In  AGARO  Clm  Psychol  and  Psycf.'St  of  the 
Aaroapeoe  Operaiional  Environ  Dec  1973  7 p refs  (Foi 

availability  see  N74  18779  10  04) 

An  accurst#  asaeaamani  of  the  eflecliveneaa  of  behaviour 


therapy  (or  of  any  olhtr  therapeutic  meihodi  m the  treatment 
ol  flying  phobtea  la  difficult  due  to  lack  of  information  Nevaitheleaa 
theta  <a  svidancs  to  suggest  that  for  selected  cases  behaviour 
therapy  may  be  an  affective  treatment  with  a high  parcaniaga 
returned  10  lull  flying  Selection  should  be  issincied  to  cases  in 
whom  ansiaty  is  limited  to  a part  of  lha  total  flying  environment 
(focal  anaiatyl  A missd  technique  is  suggested  in  which  tmotional 
cr>ntrol  It  regained  through  non-ramforcament  Author 

N74- 18784  Royal  Air  Force  Central  Medical  Ettablithmeni. 
(.pndon  (England) 

OEPRE88ION  IN  AIRCREW 

P J OConnor.  A W Black,  and  J W Rollins  M AGARO 
Oin  Psychol  and  Psychiat  ol  lha  Aerospace  Operaliorul  Environ 
Oec  1973  2 p (For  availability  saa  N74- 18779  10-04) 

Treatment  and  disposal  of  depraaaive  illness  in  air  craws 
ate  analyiad  Common  etiological  factors  of  the  illness  are 
hated  Author 


N74  I8786  Centre  Medical  da  Psychologie  Chniqus  da  I'Armsa 
de  l Air.  Pans  (Francs) 

CUNICAL  STUDY  OF  LOSS  OF  AERONAUTICAL  MOTIVA- 
TION lETUOE  CUNIQUE  OES  PERTE8  OE  MOTIVATION 
AERONAUTIQUEl 

A GtMy  AQARO  Clm  dnd  P&ychiat  of  the  Avrofpec* 

Oppraiiooal  Environ  Ddc  1973  4 p In  FRENCH  (For  availebihty 
see  N74  18779  10  04) 

Facto'A  accountable  (or  the  loss  of  motivation  or  interest  in 
(lying  by  military  craw  trameas  are  examined  Some  of  the 
motivation  toss  was  attributed  to  social  end  flight  stress, 
expectations  of  trainee  not  met  during  training  period,  and 
ptycholcgica!  and  psychiatric  apt'tude  of  trainee  is  exceeded  bv 
training  Transl  by  E H.W 


N74- 18786  Institute  of  Aviation  Medicine.  Fuerstenfeldbr\>ck 
(West  Germany) 

8AATIAL  CEREefiAL  MVAOXIC  ATTACKS  IN  PILOTS  AS 
CAUSE  OF  HYPOXIA  INCIDENTS 

H Oberhotz  Irt  AGARO  Oin  Psychol  and  Psychiei  of  the 
Aeros^jace  Operational  Environ  Dec  1973  4 p rafs  (For 

evaitntiOfiY  see  N74-1B779  10-04) 

Screening  methoOs  for  detecting  end  evoidmg  as  well  as 
determining  the  causes  of  cerebral  hypcxic  attacks  m pilots  during 
fiytno  rn;ssions  are  introcJ  jced  Special  attention  was  given  to 
^anomalies  and  variants  of  bram  arteries,  especially  the  Circle  of 
WiMie  as  the  possible  source  of  the  attacks  Two  case  histones 
along  With  symptoms  of  the  attacks  are  outlined  It  was  concluded 
from  the  data  that  the  Circle  ot  Wiiiis  m comoinanon  with  hypoxie 
low  G forces,  mental  stress  extreme  heat  and  any  kind  of 
exhaustive  or  vestibular  stimuli  cause  cerebral  attacks  E H W. 

N74-18787  School  of  Aerospace  Medicine.  Brooks  AFB.  Tex 
NeuropiychiairY  Branch 

CHARACTERISTICS  OF  LIFE  STRESS  IN  A POPULATION 
OF  MILITARY  AVIATORS 

Cerios  J G Perry  end  John  W Games  In  ACARD  '-'.n  Psychol 
and  Psychiat  of  the  Aerospace  Operational  Envi.c-*'  Oec  1973 
2 p iFor  availability  se,  N74  l8779  10-04) 

A description  is  given  of  a military  aviator  population  with 
respect  to  the  occurence  of  life  stress  events  m its  mdiMdual 
members  Ouesncnr^eires.  inventories  and  checklists  were 
deliberately  avoided  to  emphasise  a broad  range  of  freedom  for 
the  interviewer  Ourmg  the  course  of  such  an  interview  life  stress 
evenu  were  discovered  that  are  missed  by  quesoonnaires  This 
was  especially  true  of  anniversary  stress  which  was  revealed 
only  through  persistent,  patient  questioning  A total  of  320  life 
stress  events  were  found  luring  the  study  Job  stre»s  was  most 
frequently  represented  with  personal  health  mantai.  end  parental 
relationships  following  i'-  order  of  freque'icy  Author 

N74- 18768  Centre  de  Mederme  Aeronautique.  Brussels 

(Belgium) 

SELECTION  OF  STUDENT  PILOT  CANDIDATES  OF  THE 
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•CLOIAN  AIR  FORCE  l>V  PSVCHOMOTOR  TESTS  (SCUC- 
T10N  OES  CA*IOIOATS  ELEVES-RILOTE8  OE  LA  FORCE 
AERI2NNE  BELQE  PAR  OES  TESTS  PSYCHO  MOTEURSI 

J Q«m«nt  tnd  J PirdMn*  In  AGARO  Oin  P«vcl>ol  and 
Pavchitt  of  th«  Aarotpaca  Oparaiional  Environ  Dac  1973 
11  p rtfa  In  FRENCH  (For  availabililY  too  N74-1S779  10  04) 
Tha  predictiva  value  of  paycnomatnc  leatt  in  invaatipatirtg  a 
aampla  of  413  aludant  piloli  and  datarmining  ihair  fitnaaa  aa 
future  pilou  rt  reported  The  teats  are  uaed  in  conjunction  with 
a linear  method  to  aalect  candidate  itudeni  piloti  flaaults  of 
the  leatt  are  given  in  tablea  and  grapha  Tranal  by  E H V- 


noiae  and  vibration,  cabin  preasuniation  and  rapid  decompraaaion. 
viaion.  and  aurvival.  Several  other  related  lopica  ware  alto 
aummanied  Tranal.  by  EHW 


N74-187SC  Centra  da  Madacina  Aeronauligue.  Bruaaala 
(Belgium) 

PERSONAUTY  TRAITS  AND  FUQHT  APTITUDE  (TRAITS 
DE  PERSONNAUTE  ET  APTITUDE  AU  VOL) 

VanMaaaenhove  and  Flion  /n  AGARO  Qin  Paychol  and  Ptychia: 
of  the  Aeroapace  Oparaiional  Environ  Dec  1973  Bp  In 
FRENCH  (For  availability  tee  N74-1877S  1004) 

Siondi  a paychological  testing  method  wat  uaed  to  determine 
the  Fitnaat  and  flight  apdlude  of  ttudant  pilou  In  particular  an 
attempt  wat  made  to  determine  personality  traitt  and  correlate 
them  with  flight  aptitude  Seventy  nme  ttudant  pilota  wart  teatad 
using  two  groups  designated  at  Group  A and  Group  B Group 
A atudentt  were  |Utt  entering  training  and  Group  B ttudenit 
ware  ending  their  training  A companaon  wat  made  of  the  two 
Groups  responte  to  different  flight  anvironmanta  Oattilad  retulia 
are  gnren  in  graphs  Tranal  by  E.H  W 

N74  'i879C  Ital'Sn  An  Force  Aeroapace  Medical  Center. 
Rom# 

IN  FUQHT  PSYCHIC  LOAD  IN  STUDENT-PILOTS.  EVALU- 
ATED SY  MEANS  OF  VANIL  MANOELIC  ACID  (VMA) 
CHANGES  IN  URINARY  EXCRETION 

G Ptolucci  and  G Blundo  In  AGARO  Oin  Psychol  and 
Ptychitt  of  the  Aerospace  Operational  Environ  Dec  1973  2 p 
refit  (For  availability  see  N74-18779  10  041 

Sisty  four  air  cadets  ware  tested  for  in-flight  psychic  load 
and  anxiety  crises  by  vanil  mandelic  acid  content  m the  urme 
The  teats  ware  made  in  an  effort  to  determine  possible  preexcisung 
stress  and  the  measurement  of  its  degree  It  was  suggested 
that  VMA  content  is  proportional  to  the  amount  of  stress,  and 
that  this  method  should  be  included  m tests  for  selecting  pilots 

Author 


N74-1B791  Royal  Netherlands  An  Force  the  Hague 
INFLUENCE  OF  80CIA  L.  RE  LATIO  N A L FACTORS  ON 
OPERATIONAL  FLYING  CAPACITY:  A SYSTEM-ORIENTED 
APPROACH 

H Markus  and  J J VandaiMaas  In  AGARO  Qin  Psychol 
and  Psychist  of  the  Aerospace  Operstional  Environ  Dec  1973 
5 p refs  (For  availability  see  N74-18779  10  041 

The  elfactivenaas  of  the  p8ycho-r,ocisl  approach  to  treating 
military  pilots  with  psychological  problems  or  symptoms  of  such 
problems  is  examined  After  an  explanation  about  the  viewpoints 
of  the  psycho  social  model,  a description  is  given  of  how  the 
model  IS  made  applicable  m psychiatric  practice  Three  case 
histories  are  presented  to  illustrate  the  use  of  the  model 

Author 


N74-22727i*  Advisory  Group  lor  Aerospace  Research  and 
Development.  Pans  (France) 

MANUAL  OF  AERONAUTICAL  MEDICINE  AND  APPLICA 
TION  TO  NAVIGATION  PERSONNEL  (MANUEL  DE 
MEOECINE  AERONAUTIQUE  A LUSAQE  DU  PERSONNEL 
NAVIOANT) 

T G Oobie  (RAF)  Dec  1972  280  p In  FRENCH 
lAGAHOograph  154IFR).  AGARD  AG  154(FR)I  Avail  NTIS 
HC  $17  00 

Oiv«fM  s«rospac0  madtcal  dais  are  summanzed  Summaries 
cover  mer>tei  and  physical  health  respiration  and  circulation 
hypoxia  preverttion.  pressure  reduction  eHects.  end  effects  of 
extrema  heat  on  the  body  Data  are  also  given  on  sir  sickness. 
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IndudM  Ilf*  support  tytlBms.  human  •r>giAothrva.  protoc* 
tr^B  clothing  arKl  •qutpmont:  crow  trtinir>g  cod  •valuation, 
arxl  piloting  For  r*lai»d  information  mb  bIbo:  04  6»obc*- 

BfKBt 


N71-22301I  Advitory  Group  for  AorotpiCB  Ratatrch  and 
OavBlopmBni.  Paris  IPrancB). 

PHYSICAL  FITNESS  IN  FLYING  INCLUDING  THE  AGING 
AND  AGCO  AIRCREW 

H W Ktrchhoff.  tC  Mar  1971  173  p reft  PratanteO  at  tha 

Spocialiat  Maatmgt  of  tha  Aarotpaca  Mad.  Panai  of  AGARD. 
Garmitch  Partankirchan.  Wait  Germany.  2 1 - 22  Sap  1970 
IAGARO-CP  81-71)  Avail  NTIS 

Physical  fitneu  and  pilot  performance  m connection  with 
physiological  training  are  cor.sidaiad  A variety  of  the  tymptomi 
of  the  aging  process  ere  deacnbad  end  their  effects  on  the 
performance  of  flying  personnel  ere  considered  For  individual  titles 
sea  N7 1-22302  through  N7 1 -2232 1 

N71-22302||l  Gemanshospitel.  Muanster  (West  Germany) 
PHYSICAL  FITNESS  AND  FLYING 

Alfred  Koch  in  AGARO  Phys  Fitness  in  Flying  including  the 
Aging  end  Aged  Aircrew  Mar  1971  16  p refs  (Sea  N7  1 -22301 
1 1-061 
Avail  NTIS 

The  term  fitness  is  dcscfititd  and  defined  as  a state  which 
characterues  the  degree  to  which  the  human  organism  is  able  to 
furKtion  Maasuramants  of  physical  fitness  aptitude  and  of  tha 
factors  that  impair  or  Improva  fitness  are  discussed  in  relation  to 
flying  aircrews.  G G 

N7V22303I  Institute  of  Aviation  Madicme.  Fuarstanfaldbruck 
(Watt  Germany) 

MCTHOOSOF  MEASURING  PHYSICAL  FITNESS 
H.  W.  Kirchhoff  In  AGARD  Phys  Fitness  m Flying  including  the 
Aging  and  Aged  Aircrew  Mar  1971  9 p if^e  N7 1-22301 

1 1 -05) 

Avail  NTlS 

Single  stage,  non-steady  state,  submaximal  eiercse  procedures 
are  commonly  used  m riiagnostic  and  functional  testing  The 
principal  modea  of  inipoeiirg  (he  workload  are  step  cl:rr.b:ng.  b:cycle 
argomaiar  ridmg  and  treadmill  walking  These  tes*s  are  generally 
aveiisbia  arvj  safe  Despite  many  real  and  hypothetical  daf.ciencies. 
they  may  yield,  when  standardized,  qualitative  anu  quantitative 
information  of  considarabla  value  to  moividual  clinical  eveluetionf 
and  to  group  comparisons  Steady  state  submaximal  exercise  tests 
determine  a great  numbo'  ot  valuas  (V  sub  02  V sub  C02.  RQ 
V tub  E.  specific  ventilation,  oxygen  pulse,  pulse  rate,  blood 
pressure  and  the  ECO)  Vita  maxima  tests  are  utiiized  to  determine 
tha  meximunt  values  of  oxygen  consumption  end  the  physical 
working  capacmer  Author 

NV1-22304I  Army  Research  Inst  of  Environmental  Med'Cine. 
Natick,  Mats  Militery  Ergonomics  Lab 
PHYSICAL  FITNESS,  FLIGHT  REQUIREMENTS  AND  AGE 
Ralph  F Goldman  In  AGARD  Phys  Fitness  m Flying  Fncludmg 
the  Aging  end  Aged  Aircrew  Mar  1971  9 p refs  (See 

N/l  22301  1 1 05) 

Avail  NTIS 

Muscular  strength  CBrdiO  retpiretory  cspscity  and  relative 
body  weight  are  frequently  used  criteria  of  physical  litness  Thase 
different  eipects  of  fitness  all  alter  predictably  with  age  end  can 
be  altered  by  training  Considering  the  physical  work  involved  m 
Might.  It  seems  appropriate  to  consider  to  what  degree  physical 


Preceding  page  blank 

fitnesa  - and  which  aspects  of  it  ••  should  be  important  to  an 
aircrew  Eacvaa  weight  may  require  premature  replacement  of  an 
individual  bacausa  of  the  decreased  longevity  associated  with  being 
overweight,  but  should  not  hinder  flight  performance  as  long  as  the 
man  fits  into  his  workspace,  and  agility  and  reach  are  unimpaired 
The  energy  cost  of  flying  only  averages  125  kcal/hr  and  aven  an 
avarage  65  year  old  in  fair  condition  has  a maximum  work  capacity 
at  laast  3 times  that.  Finally,  the  muscular  forces  required  to  fly 
modern  aircraft  are  minimized  by  electro  mechanical  control 
systems  Author 

N71-22306I  Canadian  Armed  Forces  Inst  of  Environmental 
Medicir^  Toronto  (Ontario) 

PHYSICAL  FITNESS  AS  PART  OF  AIRCREW  TRAINING 
C L Allen  In  AGARD  Phys  Fitness  in  Flymg  Including  the  Aging 
and  Aged  Aircrew  Mar  1971  9 p (See  N7 1 -22301  11-05) 

Aveil  NTIS 

Physical  fitness  development  of  aircrew  candidates  m the 
Canadian  Forces  is  an  integral  pari  of  thsir  training  Schedules 
have  been  estahlished  snd  promulgated  for  all  levels  of  training  from 
newly  enrolled  cadets  to  the  advanced  flymg  school  stages  While 
all  of  tha  standard  elements  of  physical  conditioning,  such  as 
caliathenics.  resistance  training  and  sports  activiiiet  are  included,  the 
emphesis  « on  cardio-respiratory  development  Regular  assessments 
of  candidates  are  earned  out.  using  the  12-minute  distance  ea  the 
vehicle  for  testing  All  personnel  are  expected  to  maintain  a good 
category,  l e at  least  1 50  miles  tn  12  minutes  for  ages  under  30 
years  with  a suitable  reduction  for  older  candidates  Author 

N71 -223061  Deutsche  Forschungs-  und  Veryuchsanstalt  fuer 
Lull-  uAd  Rau.-r.fdhr.  - »d  Codeiberg  !Wost  Germany)  Institut  fuer 
Flugmedizin 

PHYSICAL  TRAINING  STATUS  IN  RELATION  TO  STRESS 
TOLERANCES 

H M Wegmar.n  and  K £ Klein  in  AGARD  Phys  Fitness  m 
Flying  Including  the  Agmg  and  Aged  Aircrew  Mar  1971  lip 
refs  (See  N7  1-22301  1 1-05) 

Avail  NTIS 

The  Influence  of  physical  fitness  on  stress  tolerance  was 
studied  by  comparing  two  different  groups  of  subjects,  one  group 
*ncludmg  1 1 highly  tramerj  athletes  and  the  oihei  group  consisting 
of  1 1 untrained  and  unadapted  students  Both  groups  were 
uniformly  subjected  to  hypoxia,  acce'eration.  exercise,  and  orthostatic 
stress,  applying  m.)ximal  loads  for  eveludiing  tolerances  and 
submaxirr.al  loads  for  studying  cardiovascular  and  hormonal  stress 
responses  in  summarizing  the  results  the  following  conclusions 
were  obtained  A be*ler  physical  fitness  does  not  imply  higher 
tolerances  to  swessors  other  than  exercise  There  is  no  indication 
which  supports  the  idea  of  an  improvement  of  human  tolerance 
to  environmental  extremes  by  physical  exercise  training  Author 

N71-22307I  German  Air  Force.  Porz-Wahn  (West  Germany) 

PHYSICAL  CONDITIONING  TRAINING  AND  FITNESS  TEST 
OF  GERMAN  AIR  FORCE  AIRCREWS 

W Hill  In  AGARD  Phys  Fitness  m Flying  Including  (he  Aging 
and  Aged  Aircrew  Mar  1971  7 p ref  (See  N71-2230I  l'.-05) 
Avail  NTIS 

Physical  conditioning  training  and  fitness  lasts  foi  German 
Air  Force  fSying  crews  are  considered  as  an  alternative  to  the 
United  States  of  America  s Aerobics  Physical  Fitness  Program  Tiie 
purpose  of  both  programs  is  to  improve  the  physical  conditions  of 
aircrew  members  until  the  levels  of  optimum  fitness  are  attained 
and  thereafter  to  maintain  these  high  levels  for  as  long  as  possible 
Th#r«  are.  however,  esseiili«l  (JilfeiHtiuttx  m the  duplicdiiOn  of  l)id 
two  methods  Author 

N71-22308.rf  Army  Personnel  Research  establishment.  Byfieet 
(Englandl 

EXERCISE  TOLERANCE  OF  MILITARY  PERSONNEL 
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M F Haiiman  In  AGARO  Phys  Fitness  in  Flying  Including  the 
Aging  and  Aged  Aircrew  Mar  1971  6 p refs  (See  N7 1-22301 
1 1-051 
Avail  NTlS 

The  exercise  tolerance  ol  Bntish  Army  personnel  ha.  been 
investigated  by  means  of  estimates  of  mammal  oxygen  intake  iVo2 
max  I and  the  Harvard  step  test  Vo2  max  was  estimated  from 
heart  rates,  recorded  during  performance  of  s!aidardi;ed  exorcises 
on  stepping  stools  or  bicycle  ergometers  About  650  men  have 
bean  included  m the  study  The  results  have  indicated  that  estimated 
Vc?  max  provided  an  index  of  fitness  suitable  for  application  to 
large  g'oups  of  men.  m that  it  was  reproducible,  and  sensitive  m 
res>tct  of  separating  groups  cf  trained  and  untrained  men  and  m 
detecting  the  improvements  in  fitness  associated  with  intensive 
physical  training  The  Harvard  step  test  results  were  of  b'cadiy 
Similar  pattern  to  the  Vo2  max  resu'ts  but  reproducibility  was 
poorer  Men  witn  a high  body  fat  content  showed  a niarked 
tendency  to  have  a low  Vo2  max  Aulho< 


N7l-22309ir  Strasbourg  Univ  iTrancel  Inst  Oentairu 

AERONAUTICAL  FACTORS  AND  TOOTHACHE 
INCIDENCES  DURING  FLIGHT  tPACTEURS 

AERONAUTIQUES  ET  INOIVIOUELS  DES  OOULEURS 
OENTAIRESEN  VOL! 

R Frank.  J M Oeb-'uge.  and  A M Ffister  in  AGARO  Phys 
Fitness  in  Flying  Including  the  Agmg  and  Aged  Aircrew  Mar  1971 
8 p refs  In  FRENCH  ENGLISH  summary  Prepared  jointly  with 
Centre  d enseignement  el  de  Rech  de  Med  Aeron  iSee 
N71-22301  11  05) 

Avail  NTlS 

A recent  investigation  made  on  230  conventional  and  let  ai-caft 
int:  TicnuM  An  ru'uc  it<i>  piuviuru  a cuiMpicnensive 
picture  Of  the  incidence  of  toothache  m (light  and  of  its  favonng 
factors  Over  a year  of  observations  it  was  found  that  6 52%  of 
the  invesiigateo  pilots  suffered  from  toothacfies  m flight  Pams 
developed  according  to  a rather  characteristic  process  durmg  the 
various  phases  of  flight  ilj  chrcnic  pulpilis  induces  short  lived 
progressive!'^  appearing  throbbmg  type  pams  which  appear  mostly 
during  climbs.  (2)  wisdom  teeth  and  periapical  reactior>s  on 
moitilied  leeth  or  improperly  stoppec.  radicular  canals  rather  induce 
pa  r^s  during  descents  arid  <3'  periapical  granulonnas  become 
painful  in  ermse  flights  without  any  marked  speed  variations  the 
maucl'on  of  such  neuralgias  is  related  among  othnr  iir.rsons  lo  the 
vibrations  experienced  by  the  pilot  Author 

N71  22310-  In^r.tijfo  n#  ed'*"  •''r'  C • • fof  .j«-v 

iWest  Germanyl 

COMBINED  ENVIRONMENTAL  EMOTIONAL  AND 
PHYSICAL  ACTIVITY  THERAPY  A MODERN  PREVENTIVE 
AND  RECONDITIONING  PROGRAM 

J 0 Meyer-Erkelenz  In  AGARD  Phys  Fitness  in  Flymq  Including 
t*ie  Aging  and  Aged  Aircrew  Mar  197 1 14  p lefs  iSee 

N71  22301  1 1-05) 

Avail  NTlS 

Physical  exercise*  training  -..omtji'u  J v.ilti  mvironmenlai 
♦‘mf)|iOnal  and  Terrairi  Kill  effects  is  .ji»  uptm-.al  therapy  m 
preventing  and  ?econclitiO  img  I'O.ilruenj  of  « ivili/ahni.  a.  rj 
hypokinetic  diseases  because  a prerioinir.antiy  neuro  vetjeiaiive 
alteraiior^  m the  whole  body  takes  place  Tr»e  msuhs  on  hea  l 
respiration  muscles  vascular  metabolic  riormnnai  CNS  anrl  other 
organic  systems  are  detailed  The  physical  f'tne-.s  of  German  Ai* 
Force  pilots  IS  maintained  or  increased  by  Mi  exe-'cse  iraininq 
designed  for  indivriual  oerformance  and  (2i  the  aclfve  cure  ireaiir^eni 

with  rniilTipIo  andiTio-'i^l  r h p r ^ n o ■ ■ i •/-  n n 

hydrotf'er apv  skin  brush  massage  etc  The  gy-Tr^asiM,  exe-'cises  a-'e 
(Jesenbed  and  illustrated  Positive  snc.'.ess  is  rJerTionst/aierf  m 
measurable  facts  anri  stress  tests  De(o-»*  rJunng  ai.ij  afl».*r  Ifie  4 
weeks  of  cu-c  Auiho* 


N71-22311/II  Ca  nadian  Armed  Forces  insl  . ‘ Environmental 
Medicine  Toronto  (Ontario) 

AEROBIC  CAPACITY  SURVEY  CANADIAN  FORCES 
PERSONNEL 

C L Allen  In  AGARO  Phys  Fitness  ir.  Flying  Including  the  Aging 
and  Aged  Aircrew  Mar  1971  4 p refs  (See  N71-22301  11-05) 
Avail  NTlS 

The  maximum  oxygen  intake  of  a represeniat;v . sample 
nf  1004  Canadiart  Forces  personnel  has  been  c ..uned  ''he  daily 
activity  patterns  as  well  as  heights,  weights  skmfold  thicknesses 
and  smokiiig  histones  were  also  recorded  The  values  for  aerobic 
t ver  are  similar  to  those  reported  for  other  N American  groups 
m the  sarr^e  age  range  Tha  levels  of  daily  activities  and  smoking 
histones  heve  measurable  effects  on  the  endurance  fitness  of  these 
personnel  Author 

N71-22312/V  Ehangen-Nuremberg  Univ  iV.'est  Germany) 

FUNDAMENTAL  SUBJECTS  OF  GERONTOLOGY  AND 
PARTICULARITIES  or  GERIATRICS 

R Schubert  /n  AGARO  Phys  Fitness  m Flying  Including  the 
Aging  and  Aged  Aircrew  Mar  1971  4 p iSee  N7  1 -22301  11-05) 
Avail  NTlS 

The  biological  aspects  of  senescence  are  considered  For 
the  purpose  of  peilorming  systematic  work  in  this  field  it  is 
necessary  to  differentiate  and  clearly  define  the  various  forms  of 
calendar  based  or  chronological  senesce.nce  Besides  this  form  of 
senescence  governed  by  the  unbiased  time  factor,  there  is  also  the 
most  imponani  form  of  biologu  si  senescence,  including  the  two 
sub-forms  of  physiological  and  psychological  agmg  The 
psychological  chronograph  records  (he  personal  bme  of  an  irtdividuai 
the  decisive  factor  being  the  experiences  the  individual  has  lived 
through  during  tnal  period  Ph /siological  senescence  is  determined 
by  the  development,  growing  and  agmq  of  morphae  and  the 
functions  of  organs  The  most  rigorous  entena  are  imposed  by 
calendar  time  which  sets  absolutelv  unbiologicai  upper  and  Icvver  age 
limits  The  probierri  of  flexiole  age  limits  is  once  more  becoming 
most  irnportant  Author 


N71-22313*  insiiiule  of  Aviation  Medicine  Fuersienfe'dbruck 
(West  Germany) 

PHYSICAL  ACTIVITY  AND  AGING 

H W Kirchhnff  In  AGARO  Phys  Fitness  m Flymg  Including  the 
Aging  and  Aged  Ai.xrew  Mar  1971  5 p iSes  N71-22301 

1 1-051 
Avail  NTlS 

There  appears  to  be  acceptable  evidence  that  exercise  does 
affect  Diocriemicai  and  priysnjiogicai  parartieiers  fe'aied  io  iscnerr.ic 
heart  disease  and  to  the  myocardium  itself  it  is  remarkable*  that 
a physicot  fitness  program  ul  the  Gerrtian  Institute  of  Aviation 
Medicine  had  an  extraordinarily  good  effect  on  blood  pressure  EGG 
and  other  parameters  Since  this  program  was  begun  increases  m 
blood  pressure  have  been  cons:defably  Ipss  frequent  There  occurred 
a lowering  of  the  heart  rate  at  rest  and  durmg  exercse  "n 
impro'remeni  of  orthostatic  tolerance  normalisation  of  exercise 
induced  hypoxic  electrocardiograph, c char^ges  at  low  oxygen  pressure 
and  an  increase  nl  exygnr-  ur.lakr,-  .'esp'ratory  volume  and  oxygen 
pulse  di'fing  physical  effort  These  data  corroborate  the  concept  of 
a preventive  and  re^labllua^lve  value  m pfiv^'ca:  and 

env.ronmental  emotional  co'idiiioning  programs  The  training  program 
provides  obieclive  er'iderue  for  a ciea'iy  favorable  influence  of 
conditioning  periods  r.m  f arrho  vascular  functiori  o*  tfir.*  agm-g  pilot 

Author 


N71-22314*  Nd'val  A e*ospa-':e  f^erh'  i i-'st  Pensacola  Fi,j 
Naval  Aerospace  Medical  Research  Lab 

THE  THOUSAND  AVIATORS  A THIRTY  YEAR  FOLLOW 
UP 
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R £ Mitchetl.  A Graybiel.  A Oberman  lAia  Univ ) and  W R 
Harlan  lAla  Uoiv  ) In  AGARO  Rhys  Fitness  m Flying  Including 
tha  Aging  and  Aged  Aircrew  Mar  197  1 5 p ' See  N7 1 2 2301 

1 1-051 
Avail  NTIS 

The  thousand  aviator  project  i$  a lonr^iludmal  study  with 
the  emphasis  primarily  on  defining  new  physical  standards  for 
aviators  and  secondarily  on  an  epidemiological  study  of  aging  Tne 
present  report  i$  limited  to  a discussion  of  the  electrocardiographic 
and  blood  pressure  findings  Longitudin-'i  changes  m the  resting 
electrocardiograms  have  shown  that  those  individuals  with  a decrease 
in  QRS  amplitude  and  a leftward  movement  of  the  QRS  vector 
appear  to  have  a tendency  to  develop  coronary  artery  disease  Some 
of  the  men  m the  group  have  shown  a consistent  rise  m bIcod 
pressure  apparently  related  to  weigh:  gam  and  parental  longevity 
Othj.wise  there  are  no  means  by  which  the  blood  pressure  pattern 
cf  an  aging  individual  can  pe  predicted  Author 

N71-22316#  Canadian  Armed  Forces  Inst  of  Environr'.eMai 
Medicne.  Toronto  tCntanoi 

MORBIDITY  OF  AIRCREW  IN  THE  CA^>ADIAN  FORCES  IN 
REUVTION  TO  AGE 

W J C Stever^sor.  In  AGARO  Rhys  Fitness  m Flying  Including 
the  Aging  and  Aged  Aircrew  Mar  197  1 8 p iSee  N71  22301 

1 1 051 
Avail  NTlS 

One  of  the  factors  in  the  consideration  of  the  agmg  process 
m aircrews  is  the  relationship  pf  illness.  in|ury.  and  physiological 
incidents  Evaluations  of  268  P'lois  and  air  navigators  representing 
6 8%  of  the  established  Canadian  a.rciew  sirengih  were  earned 
out  because  individuals  either  failed  to  meet  prescriped  medical 
standards  or  else  had  developed  some  difficult,  obscure  or  border-ime 
medical  problems  which  raised  a question  of  fitness  to  cuniir.ue 
fiyi  .g  Oats  indicate  (hat  diseases  of  the  circulatory  system  were 
cause  lOi  rerTivVei  n'wrii  i<ie  iaiyesi  (lumbei  uf 

older  aircrew  memt>ers.  while  psychiatric  disorders  resulted  m the 
greatest  number  of  groundings  m the  younger  group  Author 


N71-22316I  School  of  Aerospace  Medicme  Brooks  AFB  Te* 

THE  EFFECTS  OF  AOINQ  ON  600V  COMPOSITION  AND 
EXERCISE  PERFORMANCE  IN  THE  USAF  AIRCREW 
POPULATION 

John  W Ord  and  Malcolm  C Lancaster  /n  AGARO  Phys  Fitness 
m Flying  Including  the  Aging  and  Aged  Airg^ew  Mar  197  1 10  p 

refs  (See  N7i  22301  1 1 05) 

Avail  NTtS 

Nine  hundred  seventeen  healthy  aucrewmen  ranging  m 
age  from  26  to  49  years  were  evaluated  for  minor  medical 

ftiijtligs  Ou"i>g  t>'0  SO'IIQ  pet-uu.  345  pi'uis  WC'O  WQiUBtoO  as  paM 

of  (he  selection  process  for  special  projects  such  as  space  flight 
The  differences  between  trie  groups  and  iri  subyrriups  according 
to  age  m parameters  bearing  on  physical  fimoss  are  described  The 
special  project  group  was  more  fit  than  the  olhei  normal  group 
as  demonstraied  by  (heu  response  to  majnmai  treadmill  testing 
had  a lesser  body  fat  fraction  and  lower  blood  hpid  arid  glucose 
levels  Older  subgio-.ips  demonstrated  lower  nraximai  t'eadmiii 
eaercise  performance,  had  higher  body  fat  fractions  and  tended  to 
den, onsiraie  h:gher  levels  of  blood  npids  and  glucose  AoifM>: 

N7l-22317|li  School  of  Aerospace  Merji'  ne  Brooks  AF0  Te« 

A COMPARISON  OF  THE  EFFECTS  OF  EARLY 
CARDIOVASCULAR  DISEASE  AND  AQINQ  UPON 
maximal  EXERCISE  PERFORMANCE  IN  '^HE  USAT 
AIRCREW  POPULATION 

Malcoirr  C Lancasler  and  John  W O'd  in  AGARO  Phys  Fitness 
in  Flying  Including  the  Arjmg  ar>d  Age<J  Aircrew  MS'  197  1 8 

lefs  'See  N71  22301  1 1 05i 
Avail  NT'S 


The  influence  of  early  mild  cardiovascular  disease  upon 
maximal  exercise  performance  m 544  flyers  ages  40  49  years  was 
considered  There  were  ?00  normal  subjects  64  subjects  with 
nor»-specific  mpoiaruaiion  changes  on  the  electrocardiogram  114 
subjects  with  hypertension  and  66  subjects  with  coronary  near! 
diseases  The  NSTWC  and  hyperier'.sive  groups  had  signifir  antly 
higher  body  fats  than  normals  There  were  no  significant  differences 
between  the  disease  groups  and  normals  with  respect  to  bhxxJ 
sugar  and  serum  lifids  Both  (ht,  hypertensive  and  CHD  groups  had 
significantfv  icwer  maxima!  oxygen  consumptions  artd  total  treadmill 
times  then  nomrals  Systolic  blood  pressures  m all  disease  groups 
were  significantly  higher  at  rest  than  m normals  SystoLc  blood 
pressuie  increased  as  expected  in  normals  and  a parallel  increase 
was  seen  m the  disease  groups  Diastolic  blood  pressure  was 
unchanged  at  maximal  exercise  in  normals,  while  all  disease  groups 
were  significantly  higher  Blood  pressure  levels  in  the  hypertensive 
group  were  significantly  higher  at  rest  than  the  other  disease 
groups  and  remained  proponionaiei-,  higher  with  exercise  Author 

N71 -22318a  Centre  Principal  d Expertises  Medicales  du  Personnel 
Navigant  Pans  ( France) 

TRACINO  of  ABTIRI08CIER08IS  DURING  EVALUATION 
OF  FLYING  PERSONNEL  OEPiSTAGE  OE 

L'ATHEROSCLEROSE  DANS  L’EXPERTtSE  DU  PERSONNEL 
NAVIGANTI 

R c»ffe.  J Salv*0"'»c  and  F Plas  /n  AGABD  Phyj  Fnne>i  m 
Flyinj  Including  ihe  Aging  »nd  Aged  Aucteiv  Mai  1971  9 p 

ial«  InFflENCH  ISee  N71  22301  11-051 
Avail  NTIS 

Cardiovajculai  abnornalinej  m more  than  3C00  (lying 
pertonnel  weie  studied  dunng  a 1 2 yeai  penod  by  perfonriing 
electiocaidiographic  cholesteiol  content,  and  caiotidogrammeiric 
evaluations  It  was  established  that  more  than  301(>  o(  Ihe  disabled 
group  had  caidiovescuiar  diseases  with  the  greatest  number  found 
between  45  to  50  years  o(  age.  aging  personnel  were  more 
Jccidc.-.t  p.'O.no  5;.d  piiuia  of  liie  rieiicn  All  run  b were  grounoed 
<t  they  showed  typicel  arteriosclerotic  sympiy.nj  Also  grounded 
were  pilots  over  40  yeiiis  o(  age  with  ECK  abnormalities 

TrensI  by  G G 

N71  22319F  Institute  of  A/iaiion  Medicine  Fuerstenfeidbruck 
fWasi  Garmany) 

P8YCHOPHYSIOLOOICAL  PROCESSES  OF  AGING 

H J Grunholer  and  K Gerbert  //»  AGARD  f*hys  Fitness  m Flying 
Including  the  Agmg  and  Aged  Ancrew  f.  ir  1971  7 p reft 

fS*e  N7  1 22301  1 1 05) 

Avail  NTIS 

Facts  obsarvad  so  concerning  vfriahons  and  dacramant 
of  cogniiiva  psychomoioric  anq  reientive  ab'iitifs  with  increasing 
aga  are  reported  Ooneratly  ■(  can  be  assumed  that  almost  all 

decade  of  hie  But  abilities  with  increasing  age  are  assantiaily 
dependent  upon  itie  level  of  original  apin  jde  type  and  extant  of 
experience  gamed  m the  couis*.'  of  life  thinking  patterns,  and 
irainad  procedures  consoiidited  through  oxercise  On  the  other 
hand  particular  decreasing  rapab'iit'e'A  can  only  be  compensated  by 
others  with.n  certain  limits  As  a ifsuM  adjustment  and  readjustment 
to  raQuiremenls  which  cannot  );«  moj  by  means  of  confirmed 
behavior  became  increasingly  Oillir.  u'l  rsn  analysis  of  presently  used 
methods  to  measure  Hying  pif.^(ic«enry  in  agmo  pilots  «s  given 

Author 

N71-22320ii  Institute  ol  Aviatiof'  Medicine  Fuerstenfaldbruck 
(West  Oerrnany) 

HEARING  ACUITY  IN  RELATION  TO  AGE  AND  FLYING 
TIME 

G R f roehlw  h //>  AGAHU  PhyS  fitnoss  m Flying  Including  Ihf 
Aging  and  Aged  Aircrew  Mar  197)  6 0 (See  N7 1-22301 

1 1 05) 

Avail  NTl5 
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Th«  pure  lone  audiograms  of  102 A Air  Force  pilots  and 
100  applicants  wore  ciassif>ed  into  3 categories  <Q1)  the  25% 
with  test  hearing  capacity.  (Q2)  the  60%  with  medium  hearing 
capacity.  (Q3I  (he  26%  with  poorest  hearing  capacity,  and  $ 
hearing  losses  of  industry  population  The  evaluation  had  the 
following  results  1 1 ) pilots  classified  as  Q I and  Q 2 had  a hearing 
acuity  that  was  slightly  better  or  equal  to  comparative  age  groups 
of  a normal  industry  population.  (2)  Even  m the  0 3 groups  with 
merked  hearing  losses  the  mam  speech  frequencies  of  600  - 2000 
showed  only  negligible  impairment  (3)  the  hearing  acuity  of 
lei-piiots  IS  slight'/  better  than  that  of  pilots  in  helicopters  and 
propeller  aircraft,  and  (41  (or  the  decrease  m hearing  acuity  age  is 
more  important  than  flying  time  Author 

N71-22321#  Centre  de  Mcdecme  Aeronautique  Brussels 

(Belgium) 

LONQITUOINAL  STUDY  OF  SPIROMETER  VALUES  FOR 
NAVIGATOR  PERSONNEL  OF  THE  BELGIAN  AIR  FORCE 
I^TUOE  LONOITUDINALE  OESV/VLEURS 
8PIROMETRIQUES  OU  PERSONNEL  NAVIGANT  CE  LA 
FORCE  AERIENNE  BELGEl 

J Bsnde  In  AGARO  Phy.  fitness  m flymg  including  the  Aging 
•nd  Aged  Anciew  Mai  1971  7 p (See  N71  22301  1 1 0S( 

Aveil  NTlS 

Long  leim  spi'omeiiic  nneasu  ements  on  Belgian  An  force 
hying  peisonnet  obtained  over  a period  Irom  S to  10  yeais.  are 
evaluated  m order  to  establish  me  influence  of  aging  on  physical 
fitness  concutreni  wnn  ihe  protess  of  aging  A new  specie'  formule 
■ s presented  that  is  applicable  lor  ages  IS  through  SS  and  can 
be  used  to  predict  the  developing  vital  capacity  for  eacn  individual 
lubieri  doting  aging  Tiansi  by  G G 

N71-23337<  Aitsiso'y  Grout,  iv  Ae.-osod' ••  »•;  o ji..j 
Oeveioomer't  Pa"s 'f 'arice, 

principles  of  eiOOYNAMICS  applicable  to  MAN'  £0 
aerospace  flight  prolonged  linear  ANO  RA0I«c 

ACCELERATION 

Mar  1971  182  o refs 

lAGAHOo'jraiih  150  AGARO  AO  150  7ti  A-.j,i  NtiS 
CONItNTS 

1 ACCELERATION  lERMifia' OGt  TABIE  Of 

comparative  equivalents  (j  J P.;  .inai.  |,  I b 'i-l.  -S.- 
N 7 1 23338  12  23' 

2 AN  introduction  to  the  PMYSiCS  ANO  PHrSIOlOE.Y 
OE  acceleration  5 0 Leveicii  Jr  n 7 ?A  'Se.-  N?  t 23339 

I 2 OAi 

3 THE  DYNAMICS  OE  flOIAII'Jft  APPLitU  lO 

CENTRlEuGES  « E Van  Paiien  25  30  See  N7>  ?334.y 

1 2 23' 

4 A Summary  Of  human  toieratjce  to  PROLU-Ntiicr 
acceleration  a S Hyde  and  M W Ha.iti  |i  37  Sb  ..i-, 
(See  N7  1 2334  1 i 2 04i 

5 DESCRIPTIVE  catalog  Of  AIM'JSPALE  MEUIb- 

BIODYNAMICS  EACUlIlfS  IN  T lU  U'llTEU  STAIfS  AIJO 
CANADA  C F Geli  'Navii  Aeir/si.a.  e Meil  lust  Pr-i.  -a  u.  i Hj 
li  57  100  'See  Nfi  23  J42  12  in 

b BIOliYNAMlCS  fACILITIES  iN  NATr7  > GR'tnf  AN 

COUNTRIES  A Scai'O  iMililai,  S'  l'n'.l  i/l  Av.,t'i)i.  .M-  I 

Ilalyi  1)  101  124  lels  'S-  N7'  2334J  1?  I 1. 

7 UlODYNAMIf.S  BIUUU-.jHAi'ii  I nji.i,  iS'.'j  V. 

L Jones  -.'lASA  V\a  .1"  '((Inn  O . j,  l?i,  tyi,  ...I,  5.  . 

N7  I 23344  1 ? OS- 

N71  23336a  AiiviMny  Gmiim-  I'j'  Aen;s|ia..e  fii.-.i.a'-ii  amt 

Oe  vplriliinoril  Pa  i*.  Ifian'  n ■ 

acceleration  TERMINOLOGY  TABLE  OF 

COMPARATIVE  EQUIVALENTS 


G J Pesman  In  in  P'.ncipie^  ol  Biodynamics  Applicable  to 
Manned  Aerospace  Fhgrit  Proiongerl  Linear  and  Radial  Acceleiation 
Mar  197  1 p 1 6 rels  (SeeN71  23337  12  05) 

Ava>f  NTlS 

Oeveiopment  of  verticil  or  stftep  landing  arid  takeoff  aircraft 
helicopters  arid  space  vehicles  has  destro>-d  the  comfortable 
situation  m which  the  s-efude  and  occupants  mamiamed  a fi*ed 
'eiat-onship  With  the  advent  of  these  advances  n became  desirable 
that  essentially  two  Oi-ectionai  tenrnnoiogics  be  >jsed  one  for  the 
vehicle  and  anothE»r  for  th^*  ocr-uoants  were  evolved  and 

as  fa«  as  possibid*  have  been  incorporated  mlo  revised  tables  ol 
equivalent  terminology  for  bolh  h-'ea'  a‘‘d  angular  motion  Tables 
of  coinpa'di've  cqu'vaients  are  presented  wfncr»  are  organised  into 
the  fo*m  oi  a siaienieni  ol  the  laws  of  motion  A L 

N 7 1 23339"  A< ; \ I .«7«  I G -j-h  t i j-  a i - kj  . jf.»i  «•  fic  si- j < it  j i 
Oe.cio.»f»‘e“t  Pj'i  f 'dll'  •' 

AN  INTROPUCTlON  TO  THE  PHYSICS  AND  PHYSIOLOGY 
OF  ACCELERATION 

S 0 l •-••ve**,*::  Jt  ' Pi':ni.tj,i J , f • j < ‘ ■ i‘. -lljif  f> 

Mj  «,♦;<!  Ae'U  •;/sic‘;  • I L"  'J  a-"l  itj  !■.)!  A*. . i I';  jt  i;>‘ ■ 

Mh-  i‘j7i  i.  ; 2-1  Ob 

Avail  f»TlS 

tn.;  tl-jISyf,  o'  .1  it-,  'f.ljtltr:'  1'f  rt.'UllU'll  I H I H , I ' ■ C‘ 

•I,  I .lloiig  -.Mth  i l>'i»;t  I-Ji  .•  'I'.  sl-Vi-  Ijt  Ihf,' 

■ •'."IlMSOlU'^f  (<'•  t-  .'.••»  . - 'T'.l  ' tl*.'  ,f-  b.-f  ' «•  . t"'l  I'”-  1>-I  , — ' .>1  I.llf.'-  IN 

•i'hI  I at  o'  t'"'  iiiiiiijii  1,  >>/  Ml*.  .».•  fij'-.cv  L 


N71-23340«  Advisor'-  Group  for  AeroSPdC'  ■^tsearch  and 
OevefoprTicnt  Pa'iS  tPrantei 

THE  DYNAMICS  OF  ROTATION  APPLIED  TO 
CFNTRlFUGcS 

R I var'  Pditcr-i  P>-'  *if)i»*s  of  0*od»riamics  Applicable  to 

A-  'Y'4^a'.r?  fliyh)  Pioloriyc'.'  .■hh3;  and  Radial  Ar.cele'atiOn 
K 1'J.  ■ r-  36  tSee  N7  ) 23.337  1 2 06i 
Aw*'. 

Ar*  mill  t ve  y joruf.al  aiul  'Mmjiiilied  n jt.'’t'i»)atiual  treatment 
pieKerMed  on  |h‘‘  >ubj*,'-.i  of  'oiaiiO"ai  (Jv'iarr>ic.  as  applied  to 
tiuman  c*?n|iifuw»?v  T»>i->  apt.rod'.h  v»d'»  tjkCn  »n  (jfUer  to  relieve 
phy  sicarTS  a»>:t  n.c'brai  pc  Sori<if?l  of  !»>»•  lalrj;  reynierj  to  gain  a 
rigorous  ■iisiyt't  mio  It'R  >ijlii)Cr.l  jiiO  to  strip  av/d|f  thv  non  e*s*.'nliais 
assocated  witr*  ir»t‘  uass  «.  dv  w»*'opii«e''i  ■ i jf e ij".  .••i.«co 

tj1  ||ip  lorrt)^  V/itli  ttif*  S'jlj|r’-.t  J’.  U»r?»  -ii*  uo'iinior'ly 

use'l  d“d  misusf't)  CuriObs  acci.'ler  st'on  is  iJistuSS'-'J  a"d  ■»o<''C 
E*iai:n»l*?s  of  Coriolis  ellnvi  • d'r*  ijfovifli  'l  A 1. 


N71  2334U  (,.--j  i.  f.;-  A.-f.iMti-.  n.. 

OewF'l' Mir«i«-<»l  t’j'«s  'I  fjii 

A SUMMARY  OF  HUMAN  TOLERANCE  TO  PROLONGED 
ACCELERATION 

A 6 .||J.|  14  V.  Jt-  ' . jl  HiO'l , '-.111  , 

Ap|ili«.  a?»lf  I' . ’,1 .1.-  .fi*'- J At — .J  r ‘ jl  1 f ‘ jl'  f ji'  I I • ' .1'  .!•  ••  I M rf’  I'.f 


A. . .'inai.o'.  M.f  19?  1 J-  J/'  b»'  b'-'  / 3.33  7 

1 ? Ob- 
Av.i.-  Nti:, 

A 'Jul.l  If'ft'  iitfi  il'i.'*  <1  • r.  ill  .J  I'j-i'f,!."' 

to  p-iy*-l  .1  • rS'-'.iti-.i  I . I.M  .i-fi’i  I r.  t.|i  ' i .!■  I j-.ll'' 

S>a  i l.l-'l  •*••••••.'  'fl-.'J/  -P  -I.'  I *'  I 1.  A'  lA-  U h\  1'  J I'l  ‘ 

tin;  .-.J.I-,  ) - -.1  I • .Jli'ji  •'  -I  Ml  ,l'..|.  " ■ Mu  • 1,1  I'll 

till-  III. I-Jfl  1 1 1'  • |l  ' • • I tll.  l'l 

,l"  l d ••  Ij'.l’*'  'rl  I'li.'i  •I'l'  I I .y  I.il!ii'  I ||.  ,1 


yMiT'-  J -I'i-I.mJ  |.,i  1 'liM-  t-'j.i  n' 

«-  > I'lol  .It.iyl.  * .J  !i  ‘JT  .'ll.  <»l  y -I;  - I I - * • I I • 1 I If.  ' ;i  , f |f  I Hi  Ilf  I ;,t  'I 

f,'  f.i-  .ill  .1  'll  I ||  • •>'  f f;.f.  •••  -I  J.  . 1‘Mit.f 

I , • I-  .1  • |.  . I » ' .-.I'l  ‘ > ■ r J I If  - .Hit;  It  ‘f  I HIM  it  Iff  I |l 

I « y.,l.f  I tf.  I 1 A T li-l  I ‘fl  '■•'I'l  • 1 1 1*'  (l-f  I'-/' 

,...t  , .1  » I.  , , I - .r  ||.. 
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given  and  a table  provided  Each  table  defines  each  poini  on  each 
9<aph  with  re&pect  to  the  following  vanabies  vector  magnitude 
duration,  average  onset  <G.  !>ecOf^dl  back  angle  cause  of  termination 
of  eKperiotentai  exposure  trauma,  number  of  subjects  involved 
countermeasures  used  support  restraint  and  the  reference  from 
which  this  information  was  obtained  A L 

N71  23342#  Nava*  Aerospace  Medical  Inst  Pensacola  E>a 

DC8CRIPTIVE  CATALOG  OF  AEROSPACE  MEDICAL 
BIOOYNAMICS  FACILITIES  IN  THE  UNITED  STATES  AND 

CANADA 

Charles  f Geii  ed  in  AGARD  Principles  of  Biodvnamics 
Applicable  to  Manned  Aerospace  flight  Prolonged  Linear  and  Radial 
Acceleration  Mar  1971  p 5 7 1 00  iSee  N7123337  12  05' 

Avail  NTlS 

A descriptive  te*t  and  pictorial  dispta,  a'e  preserrtea  oi 
the  newesl  equipment  and  latest  modifications  of  older  cqu-pment 
used  in  biodynamic  studies  ccndjcied  in  united  States  Government 
facilities  and  in  Canadian  facilities  Facilities  ^ml  eauipn.ei't 
discussed  are  located  at  ' l ' Nj.ai  Aerospace  Meci.r.j'  institute  »2- 
Aerospace  Medical  Research  Department  '3i  A*;«usp-*(,e  Crew 
Equipment  Laboratory  i4'  6570th  Aerospace  Meri'cai  flesea'ct' 
Laboratories  '5i  6571si  Aeiomedica:  Research  Laboratory  '6- 
UrMied  States  Air  Fo’ce  School  of  Aerospace  Medicine  1 7i  Manned 
Soace-'raft  Center  '8:  Ames  Research  Center  iSiC-vii  Aerorned*- ai 
Institute  '10'  National  Av<aiion  Fac  iiitics  E »periiT.eni.ii  Center  1 l ■ 
Section  of  Physic'og^  Mayo  Foundation  and  Ma  ,o  Ci*r.ic  a'-'J  *12' 
Defense  Resear ‘.h  EstdU'iV'rnerM  To-omu  Canada  Al 

N71-23343*  Miiita'y  School  of  Aviai'On  Med'cme  Ro  ne  'itaiyi 
eiOOVNAMlCS  FACILITIES  IN  NATO  EUROPEAN 
COUNTRIES 

Anstide  Sca-io  erj  in  AGARO  Principles  of  0iorjy«»ani“.s 
Applicable  to  Manned  Aerospace  Fi-yni  Prolonged  Lu  ca'  an«J  fla  l*ai 
Acceier-  '-on  Mar  197  1 p >01  124  refs  N7  1 23337 

12-051 

Avail  NTlS 

Photographs  and  descriptive  leiis  a'e  u'csmteri  <>f  faMiiiies 
and  eauiprr^eni  for  hiodynainir,  stu'J'es  and  resea'cn  m F'anc*?  Italy 
and  Eriyland  A L 


N71-23344*#  National  Aeronavji.cs  anrj  Siucc*  A Jrrti 
Washington  0 C 

BIOOYNAMICS  BIBLIOGRAPHY  1966  1969 

Wi'tC,"''  L r '.'"'n  /•■  T*  A R i')  Phlii  f ti  R h i«|  . i >,t  !•  mi  > 

Applicable  to  Maririe<l  Aerrjspar.e  Flight  Proicjrigcni  Lim.-a*  and  Ma  La 
Accelfli  itiun  Ma*  1971  p 125  I9fj  'pfs  b*;*’  fi»  / l 23JJ7 
12  05i 

iNASA  TM  X 67138i  Avail  NTib  CSCL06R 

Tfns  annotated  bdulography  l;nng  : logrlliC'  im-  *''‘t  • fo» 'i -^t • 

iiOt  avarldtJle  in  cari.er  Irie'ature  'eviyw,  con'  rnimig  n/»ii» ‘,- 

researr  t»  findings  COveraye  was  iMlnii.aii'injl  3I|>I  (rt>>.ir|«r  . ,i 
representative  view  of  cuirenl  research  C'lfijit-  Il'C  dbstM  I . w»-n: 
taken  (fi'eclly  frorn  the  niifial  -.rjuif-e  r)g<.niin;nl-,  liu-  Intih'^rgiaph^ 
• S divide')  mlrj  Si*  '.r'l.liriHs  rll  {>' nl()i' jr.nl  ac'  »;lc*f»lt *‘/n  ’lii.r-rf/  ,i  .»J 
'adrait  12'  a'ly.iia'  a*.' oi‘-»aiion  ?3'  'mpaf  t '4i  vpi-raimr.  -5: 
( f.’rr'tiineil  Stresses  and  'tu  |».m«m.i!  <)•;•  ■i"n;(iis  A j. 


N72  14090*  /-'J 'iso'V  Grrmf*  ffi'  Aerosjiar'.c  Mosearrh  and 

DevelopiTient  p.tns  iFrjn'p} 

CUNICAL  causes  for  CROUND'NO 

Mem/  5 FtJCtiS  Nnv  197  1 19?  fi  rf.fs  Proseriicrl  at  the 


AGAHU  Ae' 

'USpa'  n 

Med 

f'dfi»;l  'i 

(Hf'alsl  Mf^f.liriy  OjKjrlO 

F*urtugel  7 1 

22  JuM 

19  7 1 

iAGARO  CP 

B9  /li 

Ava-l 

N T 1 b 

Paper* 

qivon 

di  ltie 

aoaho 

Aerjj^jjjf.e  Medn  a)  Panel 

SOK.  llist  Meeting  held  m Opono.  Porlugal  from  2l  to  22  June 
1971  are  presented  The  subject  was  divided  mto  two  pads  the 
general  aspects  of  clmical  causes  for  grounding  m the  various  air 
forces  and  the  specif.c  aspects  ot  grounding  according  to 
medical  speoalhes  Each  paper  <s  followed  by  a discussion  A 
t«chnica!  summary  and  an  evaluation  are  included  at  the  end 
For  individual  titles  see  N72  14091  through  N72  141  •? 

M72-14091#  Italian  Aw  Force  Medico  Legal  Inst  . Milan 
STATISTICAL  SURVEY  ON  THE  CLINCIAL  CAUSES  OF 
TEMPORARY  GROUNDING  AND  PERMANENT  UNFITNESS 
OF  lAF  AIRCREWS 

Gft^isno  Rolondo  AGARD  Clinical  Causes  lor  Grounding 
Nov  1971  29  p re's  iSee  N72  14090  06  OS) 

Avail  NTlS 

An  anslyl'cai  STudy  ol  ihe  climcai  causes  lOai  rnosi 
Itaquenily  lead  to  temporary  or  permaneni  loss  ol  hiness  among 
flying  personnel  was  underiaketi  A wide  siat'Siicai  su'vey  was 
made  on  morbidity  or  lalber  come  aspects  ol  morbidiiy  in  the 
petsoooel  ol  the  liahao  Air  force  among  Ihe  various  categories 
Of  groups  pi  categories  connected  with  the  tlymg  s-irvice  in 
general  ar.t'  with  particular  regard  to  pilots  Such  a sludy  was 
undeftsken  sulh  the  hope  nl  deieciing  the  physio  psyen.c  causes 
ihet  have  nu  si  weight  a i incidence  m giving  use  to  unlitness 
for  military  service  and  lor  llymg  It  would  men  be  possible  lo 
make  practical  suggestions  in  order  to  reduce  the  incidence  u* 
these  causes  and  then  disabling  e'lecis  Aulno' 


N 72  14092*  Royal  Natal  All  Medical  School  Hi.ihcad  lEnglandi 
clinical  CAUSES  FOR  GROUNDING  A REVIEW  OF 
ROYAL  NAVAL  EXPERIENCE  1962  1970 

I H Colley  and  f Si  C Golden  in  AOARO  Cimicai  Causes  lor 
Giouhdiog  Nov  197!  lip  lels  iSee  N72  14090  05  061 
Av*ii  NTlS 

The  clinical  causes  loi  permaneni  g'O'jnding  m ihe  Bnnsh 
fleet  Air  Arm  lor  the  penod  January  1962  lu  December  1970 
irscluSive  were  esamined  Clinical  giounijings  conshtule  13%  ol 
Ihe  total  groundings  lor  all  reasons  Psychiatric  illness  iS 
responsible  loi  68%  ol  clmical  g'oundmgs  and  was  Ihe  maioi 
cause  ol  wastage  m lieinei)  aircrews  Author 


N72  14093*  Belgian  An  force  Brussels 

analytical  study  of  the  causes  of  MEDICAL 

UNFITNESS  OF  FLYING  PERSONNEL  IN  THE  BELGIAN 
AIR  force  lETUOE  ANALYTIQUE  DES  CAUSES 

O'INAPTITUDE  medicale  ou  personnel  navigant 
OE  UA  FORCE  AERlENNE  BELGEI 

J Bande  and  R Muonhameis  In  AGARD  Clinical  Causes  lor 
Gioundirg  Nov  1971  lip  In  FRENCH  iSee  N7?  14090 
09-OSr 
Av«if  NTfS 

A compfe''en»'ve  af'aiyv'v  was  maife  of  tf»c  tauics  of 
i«mpofS<y  J'^tl  pe'maner»t  unfiincss  in  cases  Meale'J  by  lf>e  art 
hoc  Medical  Lo.vmission  of  the  Belgian  Au  fofcr  from  1965  to 
1971  The  *tudv  co'icemed  635  subjects  of  whom  29  5%  had  a 
Dumber  of  diMereni  disab  'I'es  7 6%  ol  the  cases  were  the 
object  of  permanent  grouridir<n  and  1?9^  were  permanenjiy 
hwiiied  thair  funess  for  ifie  aif  f f 40%  of  the  cases  were 
ecc'deni  victims  Of  904  di»at>ii'ties  *•  ' paiiioiogy  of  the 
locomotor  sysiem  was  the  most  frequent  uiv  ‘ivi'»q  eHtir.tioos  of 
both  the  neufoptychiairii:  di»<3  digestive  sysloms  AfiB-  oliminaliuy 
•CCideni  cases  Ihc  rrrosi  frequent  Iiathology  was  of  fhe  dij«r.fivc 
and  re»pira>ory  tracts  A study  ol  die  correlation  between  aye  - • 
Ihe  -.obiect  and  ifie  length  of  disaiHiny  as  a function  of 
pathological  class  gave  'lo  con'.iusivc  revuits  Transi  i»y  K RO 


N72  14094*  Njval  An  Station  Norfolk  Va 

A Report  bf  aviator  grounding  and  aviator 

SALVAGE  IN  HIGH  PERFORMANCE  FIGHttM  AlHCHAFT 
Romame  I Bendmen  In  AGAHO  Omi'.al  Causes  for  Oroundiny 
Nov  1971  8 ()  rnlsi5eeN72  14090  05  05' 

Aval.  NTlS 

Tt.f.  If, I.-  f.l  till-  s'l.q'Mi-i  111  tl.f  iiMti'-t  bi.itns  Navy 
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and  panicuiariy  tht  role  of  (he  duaiiv  designated  physician-pilot 
•s  considered  m the  evaluation,  treatment,  and  disposition  of 
aviators  flying  in  high  ^'erfornnance  lei  lighter  axcMH  Personal 
observations  and  eiperi«.nces  of  the  author  as  a pilot 
instructor  flight  surgeon  with  a McDonnell  P 4 (Phantom  lU 
(raining  squadron  form  the  hasis  lor  the  presentation  and 
discussion  of  several  cases  involving  the  question  of  grounding 
for  ma|Or  clmical  reasoris  An  integral  pan  of  these  discussions  <$ 
an  aiiempi  to  demonstrate  the  value  of  the  pilot  physician  This 
report  covers  a relatively  short  span  of  time  October  1967 
through  July  1969  but  •$  particularly  significant  m tho  number 
of  interesting  cases  that  arose  requ:nr^g  evaluation  and 
disposition  Author 

N72  14036*  School  of  Aerospace  Medicine  6rooks  AF0  Te« 
USAF  AEnOMEOICAL  CONSULT  SERVICE  EXPERIENCE 
IN  CAttSES  for  grounding  OVER  THE  PAST  FIFTEEN 
YEARS 

Malcolm  C I ncaster  M AGARD  Clinical  Causes  lor  Grounding 
Nov  1971  ;p  refs  (See  N72- 14090  05  05' 

Avail  NTlS 

A marked  change  m tne  factors  that  relate  to  niedical 
grounding  of  flyers  m the  United  Slates  Air  Force  (USAfi  has 
occurred  over  the  past  15  years  The  in:reasirrg  age  of  the  flying 
popuiai-on  IS  the  maior  causative  factor  producing  this  change 
Improved  diagnostic  techriiques  and  an  increase  m the  fund  of 
information  about  normals  and  individuals  with  early  disease  also 
had  a Significant  influence  upon  both  tfie  types  of  problems 
evaluated  and  then  disposition  The  e«penence  of  USAF  School 
of  Aerospace  Medicme  over  a period  of  16  ynars  is  reviev.ad. 
and  the  trends  ond  factors  related  to  medcai  entena  for 
grounding  USAF  flyers  are  discussed  Author 

N72  14096»  Office  of  the  Surgeon  General  (Air  Force) 
Washington  0 C 

CAUSES  FOR  medical  GROUNDING  OF  PILOTS  AND 
NAVIGATORS  IN  THE  UNITED  STATES  AIR  FORCE.  1969 
Robert  A Farmer  and  Hovvard  R Unger  /ri  AGARO  Clinical 
Causes  for  Grounding  Nov  1971  6 p (See  N 72  14090 

05  05) 

Avail  NTIS 

Specific  lodici'S  and  measures  of  (he  health  of  USaF  rated 
officers  are  computed  from  biometric  data  provided  by  (he  flight 
surgeon  s rtiedicdl  recommendations  These  data  are  discuss'd  »n 
relation  to  the  health  of  Air  Force  flyers  and  (he  practice  of 
aerospace  medicme  m the  U S Air  Force  Smniarities  and 
varia(ior>s  of  medical  practice  a<'d  management  are  considered 
Comparisons  of  the  rates  of  removal  artd  norieffeciive  ratios  by 
rating  age.  and  command  are  presented  Author 

N72  14097a  Institute  of  Aviation  Medicme.  f uerstenleidbruck 
iWest  Ge'iTianyl 

CLINICAL  CAUSES  FOR  PERMANENT  GROUNDING  OF 
AIRCREW  within  THE  GERMAN  ARMED  FORCES 

H J Grunholer  arid  K R Mueller  in  AGARO  CImical  Causes 

lor  Grounding  Nov  1971  9p(SeeN72  140S005  05) 

Avail  NTIS 

All  cliriical  causes  for  permanent  grounding  of  German 
armed  forces  pilots  and  other  aircrew  members  were  e«amined 
and  analyzed  statistically  The  causes  for  medical  disqualifications 
are  divirled  mto  diagrrjstic  groups  or  srcfirdii  .g  (O  specific 
(unctions  of  organs  and.  or  organ  systems  Speci.il  emphasis  »s 
given  Ic  waivers  and  to  certain  (iSrcholugical  aspects  There 
were  24  396  physical  otaminations  studied  over  a period  of  1 1 
years  Author 

N72  14098*  Cenifc  Principal  dE.»peMiscs  Medn.aies  du 
Personnel  Naviyani  Pans  (Francni  Service  de  Same  des 

Armees 

..  T'RTICAL  ANALYSIS  OF  UNFITNESS  OF  FLYING 
i ) hbOr  N£L  IN  THE  FRENCH  AIR  FORCE  ISTATtSTIQUE 
P'f,  r*  MJOES  DU  PERSONNEL  NAVIGANT  OE 

Li%rvEi  ! Alt'  TRANCAISEI 


J Nathie.  P M Pmgannaud.  and  A Oibert  In  AGARO  Clinical 
Causes  for  Grounding  Nov  1971  6 p In  FRENCH  (See 

N72  14090  05  05) 

Avail  NTIS 

The  physiCc'l  fitness  of  flying  personnel  m the  french  An 
Force  is  supervised  by  the  Centers  for  Medical  Evaluation  of 
Flying  personnel  A gerterai  study  of  60.61  1 review  evaluations 
made  by  the  centers  from  1960  to  1969  show  that  among 
1400  causes  of  observed  unfitness  (tenporary  unfitness  excluded), 
the  most  numerous  were  neuropsychiatnc  disorders  (381  causes) 
and  inadequacy  c(  the  visual  fun.  lon  (379  causes)  These 
conclusions  were  made  precise  m a dotailed  study  of  the  results 
m 1969.  during  which  year  72  subjects  were  declaied  unfit  It 
appears  that  unfitness  of  neuropsychiatnc  origin  is  ess^^ntially 
motivated  by  psychological  or  psychosomatic  difficulties  The 
disabilities  recorded  rarely  led  to  the  elirmnation  of  flying 
personnel,  the  majority  bemg  eventually  dischaiged  or  reclassified 
into  another  specially  The  importance  of  :>tatisticdi  problems  is 
emphasized  and  their  solution  by  electronic  data  processing 
methods  is  proposed  Transi  by  X P D 

N72  14099*  Hellenic  An  Force  General  Hospital.  .Athens 
(Greece)  Depi  of  Iniemal  Medicine 

medical  aspects  of  GROUNDING  and  NONEFf  i CTIVE 
NESS  IN  HELLENIC  AIR  FORCE  PILOTS 
C E Giannopoutos  and  H G Vissouiis  In  AGARO  Clmical 
Causes  for  Grounding  Nov  1971  5 p refs  (See  N72  M090 

•:.5  05) 

Avail  NTIS 

Based  upon  statistics  from  Greek  pilots  individual  health 
files,  hr-spitai  reco'ds  and  the  Aviation  Supreme  Medical  Boaid  s 
ceaifica.ions.  a tc-i  year  analytical  study  of  the  m:»oicai  causes  of 
adm  ssions.  .vaivcrs  suspensions  and  permanent  groundings  :s 
presented  Data  on  the  medical  causes  for  elimination  from  flying 
training  are  also  discussed  comparatively  From  an  average 
•trcr.gth  0?  6^12  ?4  w*r«»  permanently  grounded  for 

medical  reasons  The  mdior  cause  was  due  to  sensory 
deficiencies  whicti  t,,rounted  for  9 groundings  or  37  5%  of  the 
total  Peptic  ulcer  disease  is  tht:  most  frequent  cause  for 
noneflactiveness  and  accounts  for  several  permanent  groundings 
The  incidence  of  coronary  hea-t  disease  is  evcepiionaUy  low  and 
should  be  attributed  to  the  younger  age  distribution  of  the 
surveyed  population  The  elimination  of  two  cadets  (or  lhalastemia 
minor  and  the  finding  of  several  cases  of  thalassemia  trait 
among  rated  pilots  brings  mto  focus  the  problem  of  thalasserr.ia 
endemic  in  certain  areas  of  Greece  Author 


N72  14100))  Naval  Aerospace  Medical  ir.$*  Pensacola.  Fla 
THE  US  NAVY  SPECIAL  BOARD  OF  FLIGHT  SURGEONS 
KEEP  THEM  FLYING  SAFELY 

M 0 Courtney  In  AGARD  Clinical  Causes  for  Grounding 
Nov  *971  1 2 p (bee  N 1 4090  05  05i 

Avail  NTIS 

in  1957  the  United  Stales  Navy  s Bureau  of  Medicine  and 
Surgery  gtrecied  ih©  establishTient  of  the  Special  6oaii<  of  Flight 
Surgeons  This  board  consists  of  spncialisis  in  aerospa*  e medicine 
and  related  fields  who  can  make  recommendations  concerning 
(he  physical  qualifications  o'  Navy  and  Marm©  Corps  aircrew 
personnel  which  aie  necessary  for  them  to  continue  lO  duty 
involving  flying  The  composition  ol  Urn  Spet'-il  Board  ar.d  iis 
method  of  operation  are  rl'jscnbcd  and  the  kinds  of  cases 
referred  to  i!  foi  the  past  founeen  years  and  Uih  reconirnendations 
made  for  the  disposition  of  these  cases  are  reviewed  Auitior 

N72  14101*  School  of  Aerr. space  Medicine  Brooks  AfB  Tei 
CHANGING  CONCEPTS  IN  MEDICAL  REASONS  FOR 
GROUNDING  IN  THE  USAF  AEflOMEOICAL  CONSULT 
SERVICE 

John  H Triotiwasser  In  AGARD  Chmcdl  Causes  for  Grouncfir'y 

Nov  1971  9p  N72  14090  05  05) 

Avail  NTlS 

Flying  safely  is  the  majOr  factor  uriderlying  medical  decisions 
regarding  a given  aviators  (itr»ess  to  My  Over  the  past  15  years 
rnerficdi  r.ofi‘.et>is  we'«'  modified  as  v-ntjencncc  .viiti  an  older 
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population  and  newer  diagnostic  techniques  was  gained  TKe 
incidence  of  degenerative  disease  has  increased  paraiiai  with  tre 
age  ot  the  USAF  aircrew  member  increasing  emphasis  must  be 
placed  on  the  early  diagnosis  of  those  conditions  that  couU 
result  in  sudden  incapacitation  Experience  in  aerospace  medicin.) 
us  limited  to  a younger  more  healthy  populatlOr^  than  that  found 
in  a hospital  The  significance  of  several  electrocardiographir 
findings  usually  associated  with  disease  ir*  a sick  population  is 
not  necessarily  of  the  same  importance  m the  Air  Force  patient 
pOpulatiorY  Four  conditions  mat  were  considered  repfcsenuttve 
of  Significant  organic  he^n  disease  are  considered  These  arc 
electrocardiographic  repolari^ation  changes  cardiuC  arrhythmias 
acquired  bundle  branch  block  and  aortic  valvular  msuHiciency 

Author 

N72  14102*  Instiiuie  ol  Aviahon  Medicine  Fuerstenfeldbruck 
iWesi  C «»fmany| 

CARDIOLOGIC  FINDINGS  AS  CAUSE  FOR  GROUNDING 
H W KifChholf  and  A Diet;  /o  AGARO  Clmicai  Causes  for 
Grouniimg  No^  1971  3 p iSee  N7^  14090  06  OSl 

Avail  NTlS 

The  roulmo  cardiologic  program  pcHoimed  at  the  Institute 
of  Aviation  Medicine  of  the  Ge'rnan  Air  Force  lo  tleiermine 
fitness  for  muuarv  Hying  c'-iiy  is  descr-'td  U 'S  conipnsed  of  an 
overall  clinical  e»aminai:un  an  electrocard.or  am  takers  at  resi 
and  the  so  called  rr-asier  two  step  lest  If  .^r,uired  ihe  physician 
may  order  addii-onai  electrocardiographic  mechanotardiographtc 
and  function*;  medical  tests  Am^ed  forces  regulation  serves  as 
the  criter'vn  lor  the  final  assessment  and  nsts  all  fmrtinqs  which 
preclude,  or  render  questionable  Mymg  duly  Author 


rN72-14103*  Institute  d AviatK.-c  Medicme  F uersie- ‘eidbruck 
iWesi  Germany. 

NEW  findings  concerning  THE  IMPORTANCE  OF 

Ar.rJIYTHMIAS 

A Diet/  /r»  AGARO  Clinical  Causes  fur  GfoufJdmg  F,ov  1971 
6 p iSee  N73  14090  OS  OSi 
Avail  NTiS 

Lor>g  lem  clectrocarO»ograrns  (EKGsi  are  recorded  at  the 
InstMute  of  Aviation  Mcdicmc  o<  the  German  Air  Force  for  ar>'/ 
Subject  sfiOv.ioy  rhythmic  cardiac  disturbances  Long  term 
.egistration  is  superior  (0  rouime  6KG  s wilh  respect  tc  recording 
arrhythmias  The  advantages  and  techniques  of  long  te  m EkGs 
are  considered  Autho' 


N72  14104-  Insi  'lull;  of  Aviation  Mer^ '.me  Fu«  rstcnfeldbnick 
tWesi  Germany! 

INCIDENCE  CF  CORONARY  RISK  FACTORS  iN  PILOTS 
Of  THE  BUNDESWEHfl 

Klaus  Jung  /n  AGARU  Clinir;al  Causes  lor  Grounding  Nov 
1971  10  p tSec  N/3  ‘4uy0  Ob  Obi 

'•va.i  NTiS 

A group  'jf  1000  pduts  of  different  types  of  aircraft  were 
e«afnmed  wuh  'evpeU  to  (Jistnhuliof.  of  various  paramerers 
t hich  in  efcircme  rases  consiittjled  ..orynary  risk  factors 
Cigarette  consumption  serum  cholesterol  level  systolic  and 
diasloiic  btood  press-ue  physical  activity  lody  we>ght  v.tai 
capacity  fasiin  j t irxjd  suy?r  level  auiomneS'a  and  famiiv 
predisprJSil'On  wn'e  Studied  m detail  Fo«  me  sum  of  risk  factors 
the  distributions  wore  rrjnsidered  for  roj.ii  g'oup  separat**  age 
groups  pilots  grouped  according  lu  types  l-I  a-''  raft  fiowr>  'total 
and  in  seoarate  ogc-  gryuos*  and  for  tniots  unde  30  years  of  age 
grouped  accofd'hy  to  aircraft  fiown  and  trainimj  status  Coronary 
stress  is  barely  increas*  d cf'mpa*ed  to  a normal  popuiabon  P»op 
pilots  are  ai  leas*  cororYwfiiy  ,f7opai’di/eJ  to  m?  same  e«ieni  as 
jei  pilots  This  IS  particulartv  true  fo»  olde*  age  grrmps  The 
greatest  increment  of  fisychophysicai  sire's  effects  0'»  the 
rjofrjnary  svsief"  occurs  ticlweer^  the  siari  training  aruf  the 
firti  flying  experience  independent  of  tfie  aircraft  type  flown 

Author 

N72  14105*  Office  of  the  Suf'jeoo  General  lArr  Force* 

Washington  C 

SUSPENSIONS  OF  PILOTS  AND  NAVIGATORS  FROM 


FLYING  STATUS  FOR  MEDICAL  REASONS  IN  THE  UNITED 
STATES  AIR  FORCE.  1969 

Robed  A Farmer  and  Howard  R U.igcr  In  AGARD  Clmicai 
t auses  lor  Grounding  Nov  1971  7 p (See  N72  14090 

C.05I 

NTlS 

The  age  disinbuhcn  causes  numbers  and  diagnostic 
categories  ol  mcdi  al  suspensions  o*  Hying  personnel  in  the  u S 
Air  Sfce  wh'ch  occurred  m 1969  are  discussed  Ideniilicaiion  of 
prev*  and  ci'Oical  medical  practices  and  policies  which  may 

prove  I c'  remove  the  mcdirjl  c^use  ol  Ihe  suspension  are 
made  possible  by  the  study  Author 


N72  14106*  Royal  Au  Foice  Central  Medical  Establishmani, 
Lonrion  IE>  gland 

CURRENT  NAV'AL  AND  AURAL  INDICATIONS  FOR 
GROUNOIN  G 

P F King  ‘n  AGARD  Clinical  Causes  for  Grounding  Nov 
197  1 6p  ufs  iSte  N72  1409C  06  05) 

Avail  NTIS 

The  curren  indications  for  aucrew  grounding  due  to  nasal 
and  ai-.al  disou'ers  are  described  The  importance  of  careful 
preliminary  select  on  is  emphasized  The  decreasing  inc  idence  of 
nasal  •nfer'iion  w.u.  noted  loyeiher  with  ihe  increasi'.g  part 
played  by  nasal  iiiergy  The  question  of  chronic  bronchi!  s 
bronchiectasis  und  3sthma  which  complicate  nasal  disease  is 
discussed  Ol  the  commoner  aural  les'ons  otosclerosis  as  a 
cause  of  permanent  ^uounrlmg  <jn.l  ihe  -^flect  of  siepedcctomy 
are  considered  Cbror  ic  otins  media  and  the  indications  for 
grounding  compared  w Ih  those  permitting  continued  flying  are 
examined  The  relative  ino  absolute  mcbcauons  for  grounding  m 
cases  of  ch<onic  oiiiic  barotraurr-a  are  discussed  Perceptive 
deafness  and  idbynnibme  causes  of  vedigo  and  then  ir.fiuence 
on  fitness  lo  fly  arc  also  described  Author 


N72  14107-  institute  nf  Avidhon  Meificme  FlicyebofS!  iWesl 
Germany) 

CAUSES  TOR  PERMANENT  GROUNDING  AND  REJEC 
TION  IN  THE  ENT  OEPARTl/IENT  OF  THE  INSTITUTE  OF 
AVIATION  MEDICINE  OF  THE  GERMAN  AIR  FORCE 
G froefilich  In  AGARD  Chnicii  Causes  lot  Gioundiny  Nov 
1971  3 p tSee  N72  14090  05  05l 

Avail  NTIS 

From  1969  lo  1968  tti^re  were  2?  800  penodic 
«eexdminaiion>  ol  uilois  ami  sludet  t pilots  ol  the  German  armor) 
forces  65  or  O 24'^  pi  those  were  I'lirmaf'Crqiy  rjrpunded  In  Itus 
group  30  wern  stodrjr.ts  wiIli  marlcrJ  high  tone  hcanng  loSSeS 
due  tu  iciipact  tio'se  ji  t!  '•  shoc'u^q  range  The  rcmiinde» 
Suffered  froni  recurrent  tirtioiitis  ■.!»  voslibular  disease  l3l 
chrome  suitiMtis  »2)  allergic  fturnii',  ii  and  Meniprp  s disease 
il)  The  rates  lot  i)ctn\ar«pnt  re,yciiois  of  a{Jf>licants  lo»  Hiyht 
training  decrease'!  consider  at)ly  ahe-  the  adoptiori  of  more 
flc-'t»l‘:  tie'piog  sianrJaffjs  III  1966  Aq«  .n  rnost  ot  llie  reieclior  s 
were  rlue  l<>  '.onsKj»«f al/ln  hearing  losses  causd  try  impac'  no'sr 
In  a sampi*'  of  2000  uutial  exarriinali  "'os  the  re|i,rlion  rales 
were  highest  amtjr^g  yrMjnq  Army  officeis  and  Army  NCOS  anr) 
lowest  ariionij  Air  Force  atiplicanis  main  causes  for 

lempotary  (jrrrunrbny  of  applicants  were  s-niisitis  marked  septal 
deviations  ca  arrtia!  ofitis  med.e  anrl  cf»ror  ic  tonsillitis  All  these 
cases  were  arcepted  for  Hying  training  •!  Ih«)n»  was  lull  rer  rivery 
after  proper  treatment  Crises  wit'  suriple  mastoidectomy  anrl 
small  airo{>t»ic  sc.irs  ol  ihe  t>rnpdnir  rrieiriti' me  are  ar.ceptahle 
as  we'i  as  cases  wdh  tvmjiar^oplasty  type  1 provKied  the  ea'S 
are  lunctioiially  nuruial  Auttior 


N72  1410B*  Institute  ol  Aviaiujri  Medicine  F ue'Stfnfeliltifuck 
IVVest  Germany' 

OPHTHALMOLOGICAL  causes  for  grounding  A 10 

YEARS  REPORT 

Oiat;;Ch  K,i»:.".c6:.cr  Ci'n'ca*  f'1'  GrAiindinn 

Nfjv  1971  4 p iSee  N/2  14090  05  05) 

Avail  NTib 

From  1969  to  1>69  61  pilots  m the  Cierrnan  Au  foor; 


1 
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were  pernTanently  grounded  on  the  lid&is  of  ophthalmotogical 
didgr^o&es  The  total  number  ol  examinations  made  was  24  396 
These  cases  were  classified  according  to  diagnosis  They 
were  as  follows  anomalies  of  refractiuit  (28)  anomalies  of  color 
sense  i3.'  anomalies  of  accommodation  (1)  ancmalies  ol 
stereopsiv  <ll  blepharitis  Ml  anomalies  of  pupillary  function  (!) 
cataract  i2i  aphakia  (2)  retinal  diseases  including  2 retmai 
detachments  (7).  and  glauconia  (&>  Author 


NV2  14109*  Canadian  Armed  Forces  Inst  of  Environmental 
Me  1icir%e.  Toronto  (Onianoi 

DIABETES  MELLITUS  IN  FLYING  PERSONNEL 
W j C Stevenson  In  AGARO  Clinical  Causes  for  Grounding 
Nov  1971  6p  refs  (See  N 72  14090  06  OS) 

Avail  N7IS 

T)  e Central  Ancrew  Merlical  Board  at  the  Canadian  Forces 
Insntui*  of  Environmental  Medicme  assessed  fifteen  aircrew 
membe  s m the  past  ten  years  who  were  refe'red  because  of 
abnorm.-l  glucose  tolerance  observed  following  incidental  findings 
of  reduC  ng  substances  »n  the  unne  at  time  of  routine  unralySiS 
The  clmi:ai  findings,  investigation  procedures  and  followup  are 
disr.usse<  for  two  of  the  fifteen  cases  These  were  referred 
because  evidence  suggested  possible  adult  onset  of  diabetes 
mellitus  ^Our  of  the  fifteen  were  permanently  grounded  the 
remainder  were  returned  to  flight  duties  One  individual  case  was 
followed  for  ten  years  without  development  of  the  overt  disease 
or  any  associated  symptomatology  Reference  is  made  to 
Canadian  Air  Force  policy  m dealing  with  cases  ol  diabetes 
mellitus  in  aircrew  members  Author 


N72-14110*  Royal  Air  force  Farnborough  (fcngiand) 

PSYCHIATRIC  CASUALTIES  AMONC  AIRCREW  OF  THE 
ROYAL  AIR  FORCE  OF  GREAT  BRITAIN  FOR  TEN  YEARS 
1959  TO  196S 

P I nC/>nnnr  In  AGARO  Chniral  C.aiis^s  frir  (trrL««nd>f>*»  Nov 
1971  4 p ;Ste  N72  14030  OC  OS. 

Avail  NTlS 

The  causes  of  262  permjnenl  groundings  lo«  psychiatric 
illness  in  the  Royal  Air  Force  are  discussed  m detail  for  the  ten 
years  1959  to  1968  One  quariet  of  (he  cases  were  grouftded 
for  psychotic  illness  and  three  guarieis  for  neuroses  ar>d 
personality  disorders  Psychiatric  wastage  accounts  for  10%  of 
the  total  medi:al  wastage  Author 

N72  14111*/  Insii  tutc  of  Aviation  Merlicine  Fliegehorst  tWesi 
Germany/ 

PSYCHOLOGICAL  CAUSES  FOR  GROUNDING  WITH 
SPECIAL  CONSIDERATION  OF  PSYCHOSOMATIC 
syndromes  and  FEAR  OF  FLYING 

K Gerbert  and  M P Goorres  In  AGARO  Clinical  Causes  lor 
Cirounamg  Nov  197  1 7 p rets  (See  N7-'  I4uf;u05  05» 

Avail  NflS 

One  (hifd  ol  all  grounrj’ngs  ol  pilots  m (he  Gr-rmarr  Am 
Force  within  the  last  ten  years  was  <)ue  to  psychological  reasons 
This  number  is  surprismyly  high  cons«derioy  the  fact  that  the 
aviation  psychologists  do  not  routinely  see  every  pilot  I:  is  the 
task  of  Ihe  psychologists  to  select  potential  wasfiouis  and  to 
mvetligale  Iho  causes  ol  psychophysical  perlormarKe  decrements 
Annety  and  fear  are  anaiy/erJ  as  fiymg  stress  reacii'oi>s  Auihoi 


N72  14112*  Centre  Principal  d Experhiscs  Medicates  du 
Personnel  Navgan'  Pans  (France) 

FLIGHT  GROUNDING  FOR  PSYCHOLOGICAL  AND 
PSYCHIATRIC  REASONS  [LES  INTE  ROIC  i IONS  DE  VO*. 
POUR  RAISONS  psychoiogiquE’s  et  psv 

CHIATRIQUESI 

Rene  Geliy  In  AGARO  Umica'  Causes  for  Grounding  Nov 
1971  6p  In  FRENCH  (See  N72  14090  05  OS) 

Aveil  NTIS 

Two  sort*  of  psycf>opait'OlLjgy  .-•xist  among  aviators  Thp 
first  IS  general  iride(j*^rujB>ti  (jf  the  siit)|r»ri  s prufcssior'al  l»f«.'  aiid 
IS  assr>ciaietJ  with  other  asp‘;<-ts  of  his  idr?  Die  sec->ni1  is  a 


Specific  psyctiopatnuloyy  which  is  due  to  the  difficulties  of 
ay.  onautic  adaptation  and  which  ocru's  alniosi  uniquely  m (he 
domain  of  the  sub|ccl  s professiorral  hfe  Observations  made  for 
French  Air  Force  personnel  m 1969  were  collected  and  divided 
mio  classes  lO  order  to  study  d’c  distinction  implied  m 
diagnosis  prediction,  treatment  and  deciding  flight  aptitude  m 
psychological  cases  The  classes  considered  were  the  general 
psychiatry  of  flying  personnel  and  then  specific  psvchopathc'ogv 
Information  on  didijnosiics  aptitude  decisions  and  development 
over  a year  of  otiservatujjT  Wiis  also  collected  Therapy  and 
rr^eJiCal  administrative  suggestions  are  presented  for  the  two 
pathc  .rces  TransI  by  K P D 


N72-19119*/  Advsor/  Group  for  Aerospace  Fi'esearch  end 
Development.  P?  s IFisrice) 

LINEAR  ACCe  ERA1.  'N  OF  IMPACT  TYPE 

26  Feb  19/1  436  ^ refs  In  ENGLISH  . mf  FRENCH 

Presented  at  the  Aerospace  Med  Panel  opecial'St  Meeting. 

Opoflo  Podugal  23*26  Jun  1971 

(AGARO  CP  88  71)  Avail  NTIS  HC  S6  00- MF  $0  96 

Recent  aviation  and  autorr^obile  accidents  are  reviewed  m 
an  eflon  to  reduce  the  human  injury  The  biodynamics  physiology, 
pathology  and  cimi.''al  aspects  of  linear  acceleration  ;mpact  are 
discussed  For  individual  titles,  see  N72  19120  through 
N72  19163 

N72- 19120V  Royal  Air  Force  Farnborough  (England* 
TECHNICAL  EVALUATION  OF  THE  AEROSPACE  MEDICAL 
PANEL  specialists  MEETING  ON  LINEAR  ACCELERA 
TION  (IMPACT  TYPE) 

O H Glaister  in  AGARD  linear  Acceleration  o'  hnpact  Typw 
26  Jun  19T1  4 p (See  N72  191  19  10  05) 

Avail  Nl.S  HCS6  00/MF  S0  95 

Crash  injury  researvh  ts  discussed.  tncludir>g  F -rydynamics  of 
impact,  injury  mechanisms  and  pathology,  arvd  te-  ’>r^iques  for 
impact  srtenuetion  impact  forces  related  to  seat  ejection, 
facilities  tor  impact  studies  impact  prolecuon  (restraint  tyttem), 
and  head  protection  v*evices  are  considered  Recommendations 
for  additional  reseaich  are  presented  for  crashworthiness, 
standardi/ation.  head  and  neck  protection  ejection  injury  to  the 
spine,  end  soft  tissue  injury  mechanisms  JAM 


N72*19121/K  Army  Aeromedica*  Research  tab.  Fori  Rucker. 
Ala 

SYMPOSIUM  ON  linear  ACCELERATION  OF  IMPACT 
TYPE  INTRODUCTORY  REMARKS 

€dwe>d  J Baldes  In  AGARO  Linear  Acceleration  of  Impact 
Type  26  Jun  1971  5p  refs  (S<je  N72  1 9 1 1 9 10-05) 

Avail  NTIS  HC  S6  CX)' MF  SO  95 

Biodynamtc  and  bioengineering  applications  to  operational 
problems  m the  interface  of  man  machine  relalionshiQs  are 
reviewed  Safety  pnricipies  aro  discussed  for  reducing  injuries 
Data  ere  presented  on  accidents  m aircraft  training  programs  and 
on  highways  Author 

N72  19122)^)  Laboreluire  UTAC  Mondhery  (France) 
ECONOMIC  PROCEDURES  FOR  SIMULATING  THE 
EFFECTS  OF  LINEAR  COLLISIONS  IN  VIEW  OF  STUDIES 
OF  RESTRAINING  DEVICES  FOR  THE  PROTECTION  OF 
AUTOMOBILE  OCCUPANTS  (PROCEDES  ECONOMIOUES 
PUR  SIMULER  LES  EFFETS  OE  COLLISIONS  LINEAIRES 
EN  VUE  DE  L ETUDE  OE$  OISPOSITIES  DE  RETENUf  OU 
OE  LA  PROTECTION  DE  OCCUPANTS  D UN  VEHICULE 
AUTOMOBILE) 

E Chapoux  and  H LeGuen  In  AGARD  Linear  Acceleration  of 
Impact  Type  26  Jun  1971  16  p In  FRENCH  (See 

N72  19119  10  05) 

Avail  NTIS  HCS6  00,'  Mf  S0  95 

An  apparatus  was  designed  and  perfected  for  collision 
UudiA*  which  involve*  slopping  of  pas&6>'<g&r  r7io«d*'<>er>*  Tf>e 
equipment  described  is  bvmg  used  m many  Europeen  laboratories 
end  prov-des  many  advantages  at  a m*rumai  cost  price 

TransI  by  K P 0 
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N72-19123I  ln«titut«  of  Avittioo  Modtcme.  Fu«rstonf«ldbruck 
(W<Mt  Germany) 

AinCMFT  ACClOCNt  INJURIES  AND  AIRCRAFT 
ACCIDENT  RECONSTRUCTION 

$ krafft  In  ACARO  Unaar  Acceleraiion  of  impact  Fyp« 
26  Jun  1971  lip  r«f«  fS«6  N72-191 19  10  OS) 

Avail  NTIS  HC$6CX)/MF  $0  95 

Tha  ciavafopmant  and  machanics  of  injuMes  to  aircraf* 
pAtMogara  ara  axammad  Tha  racoostnjctiva  conci’jsiont  with 
taapact  lo  tha  taquanca  of  avanti.  thAt  can  ba  drawn  from  tha 
typa.  appaaranca.  location,  extant,  and  aavanty  of  the  axtamai 
and  lotamai  mjunaa  austamad  by  tha  crash  victims  are  discutsad 
InvattiQations  ara  usad  to  illustrate  that  owmg  to  tha  miunas 
suffered  in  an  aircraft  accident  the  crash  victims  can  bear  silent 
wrtnasa  and  not  only  provide  impoaant  clues  but  solid  evidence 
parmrttir>9  a raconstnjction  of  tha  saquarKe  of  events  Author 


N72  19l24|ir  Royal  Air  Force  Inst  of  Patholofly  and  Tropical 
Medicine.  Avlasbury  (England) 

historathological  responses  to  deceleration 

J K Mason  In  AGARO  Linear  Acceleration  of  Impact  Type 
26  Jun  1971  6p  refs  (See  N72  19119  10-OS) 

Avail  NTIS  HC  S6  00/MF  $0  95 

Personal  observations  of  340  fatal  aircraft  accidents  are 
usad  to  study  sample  confirmation  of  lacerations  to  victims  The 
physicel  changes  are  described  with  reference  to  quantitation 
arKi  differential  diagrwsis  from  natural  disease  The  significarce 
of  pulmcoary  tissue  emboliam  is  emphasued  Author 


N72-19126ff  Michigan  Univ  . Ann  Arbor  Inst  of  Science  and 
Techrotogy 

MAN'S  SURVIVASILITY  OF  EXTREME  FORCES  IN  FREE 
FAIL  IMPACT 

Htcnaro  G Snyder  m AGARO  L''‘*aa.'  Acccle-'Jtic-'^  uf  Impact 
Type  26  Jun  1971  13  p refs  (See  N72  19119  10  051 

Av«i(  NTIS  HCS6  00  MFS0  9S 

Eitpoeure  to  extreme  forces  greata.  than  experimentally 
tolarabta  wera  studied  through  hui^an  accidental  nr  au*cidai 
free  falls  Examples  selected  from  nearly  30  000  free  fall  cases 
Mliis*  ate  the  range  of  iniury  and  fatahty  lir^its  found  urvder 
venous  condtiions  Terminal  velociry  free-falls  53  64  m.sec  (120 
mph)  wflhggt  benefit  of  parachute  were  survived  by  Soviet 
French.  United  Kir»gdom.  ar>d  L $ pilots  and  paratroopers  under 
eniergency  election  or  ev/cuat'on  conditions  Biophysical 
b«omechenica!.  ar>d  bK>med»cal  variables  are  discussed  Results 
indicate  that  there  is  a complex  belarKe  between  factors  of 
magnrtuuA.  calculated  rate  of  onset  and  event  duration  body 
ex(S  oneniation.  force  distribution,  and  properties  of  the  imported 
•urfece  Agtfio. 


N72  19126#  Association  Peugeot-RenauU.  la  Garenne-Cdombes 
(France)  Lab  da  Physiologie  ei  de  Biomecantque 

comparison  of  the  effectiveness  of  two  passive 

RESTRAINT  SYSTEMS  (EFFICACITE  COMPARES  OE 
DEUX  8VSTEME8  DE  RETENUE  PASSIVE) 

Qaude  Tarnera  In  AGARD  Ut^eer  Acceleration  of  Impact  Type 
26  Juo  1971  13  p rtfs  In  FRENCH  (See  N72  19119 

10  05; 

Aveil  NTIS  HC$eOO/MF  $0  95 

Sefety  belts  are  discussed  m regard  to  the  optimixation  of 
webbtng  ngtdity  arnl  the  utilnation  of  shock  absorbers  at  chest 
level  Performaivce  isvei  is  compared  lo  that  of  inflatable  bags 
Comptetety  pesaive.  automatic  belts  are  considered  Expenmemal 
data  ara  prasanted  <n  terms  of  improving  global  effiracy.  various 
highway  accKJent  types,  and  the  cost  efficiency  ratio 

TransI  by  K P 0 


N72-19127#  National  Institutes  of  Health  Beihesde  Md 
National  Inst  of  Naurofogical  Diseases  and  Stroke 
PROTECTION  OF  THE  6MAIN  FROM  INJURY  DURING 
IMPACT  EXPERIMENTAL  STUDIES  IN  THE  BIOMECHAN 
ICS  OF  HEAD  INJURY 


Ayub  K Ominiva  ind  Arthur  E Hir»ch  (Natl  Mighw»v  Trjtfic 
S*f«IY  Admto  J In  AGARD  Unear  Acceleration  of  Impact  Type 
26  Jun  1971  19  y reft  (See  N72  191 19  IQ  05) 

Awail  NTIS  HC  S6  00/MF  $0  95 

Eiperimer'tal  rlaia  on  head  injury  ara  summanied  m three 
eubhuman  pnmale  apeciea  undergoing  controlled  direct  heed 
•moaci  and  mditaci  impultivu  haad  loading  (whiplaah)  Teatmg  ol 
Holbuuin  a rotational  hypothesis  and  the  trenslation/cavilaiion 
hypoihetit  revealed  discrepa.nciei  Data  are  prasanted  lo  show 
that  a combination  ol  heal  rotation  and  skull  disiomon  mechanisms 
are  most  injurious  lot  brain  damage  during  both  direct  anri 
ir.Jirect  impact  Current  malhematical  models  with  simultaneous 
eapaiimenlal  lasting  in  davalopmenl  are  reviewed  Author 


N72-19128#  Hochesler  Univ  N Y School  oi  Medicine 

BIOOYNAMICS  OF  SPORTS  INJURIES 

John  D States  In  AGARD  bnear  Accsleralion  ol  Impact  Type 

26  Jun  1971  6p  tels  (See  N72  191  19  10  051 

Avail  NTIS  HC$6  00/MFS0  95 

Helmets  and  resliaini  syslems  used  in  automobile  racing 
modified  football  shoe  cleats  and  release  ski  bindings  have 
reduced  the  injury  risks  in  these  sports  Knowlege  ol  human 
injury  tolerance  was  gained  through  the  study  ol  sports  accidents 
particulady  the  determination  ol  injury  mechanisms  Injury 
tolatance  data  daiarmined  in  the  laboraiory  was  also  useful  m 
deeigning  sports  safety  equipment  Author 


N72  1912911  Army  Board  lor  Avianon  Accident  Research  Fort 
Rucker  Ala 

ANALYSIS  OF  US  ARMY  HELICOPTER  ACCIDENTS  TO 
DEFINE  IMPACT  INJURY  PROBLEMS 

Joseph  L Haley.  Jr  in  ..GARD  bnear  Acceleration  ol  Impact 
Type  26  Jun  1971  13  p rels  ISee  N72  1 91 1 9 10  05) 

Avail  NTlS  HC  $6  OO  MF  $0  9S 

An  of  the  occkipar.t  ir.jwry  experience  :n  U S 

Army  hHicopter)  from  January  1967  Ihrough  December  1969 
presented  These  Oate  ehow  that  40  percent  of  all  occupant 
feialities  occurred  m survivable  accidents  This  percentage  shows 
the  need  for  further  tmprovemeni  of  helicopter  crashworthiness 
The  statistics  further  indicated  that  fire  was  the  single  largest 
faielity  ceu^e  with  head  injuries  next  m rank  A group  of  severe 
but  survivabfe  nelicopter  accidents  of  the  same  time  period  was 
studied  The  study  included  three  types  of  Army  helicopters 
Study  results  mdicaied  that  the  problem  of  postcrash  fire 
fatalities  was  more  severe  m the  utility  enC  rgo  helicopters  It 
wes  also  shown  that  potentially  hazardous  displacement  &f  the 
transmission  and  itiain  rotor  blades  occurred  m one  of  every 
three  utility  arid  cargo  helicopter  accider>ts  studied  Further  a roll 
about  the  long  axis  usually  occurred  At  least  one  roll  occurred  m 
2 of  3 light  observation  helicopter  accidents.  5 of  8 utility 
heficopter  accidents  «nd  i ol  2 cargo  helicopter  accidents  The 
tendency  to  roN  highiignts  the  need  to  consider  sideward 
occupant  restraint  and  transmission/ rotor  blade  moorings  in 
these  helicopters  Author 


N72-19l30a  Birmingham  Umv  'Englar>dl  Dept  of  Transporta 

IK>n 

AN  ASSESSMENT  OF  ACTIVE  AND  PASSIVE  RESTRAINTS 
IN  SERIOUS  INJURY  EUROPEAN  CAR  OCCUPANT 
COIUSIONS 

G Murray  Mackay  In  AGARL  Linear  Acceleration  of  Impact 
Type  26  Jun  1971  12p  .efs  (See  N72  1 9 1 1 9 1 0 05) 

Avail  NTIS  HC  $6  00,  MF  $0  95 

A field  study  of  road  accidents  numbering  IDS  vehicles 
selected  from  the  severe  and  fatal  'njury  end  of  ifie  iniury 
spectrum  are  examined  The  mciderice  of  various  crash 
configurations  is  Outlined,  together  with  the  objects  struck,  and 
the  rata  w»th  which  the  passenger  compartment  is  penetrated 
The  relative  frequertcies  of  side  impacts,  and  multiple  and 
comptex  collisions  are  described  Each  collision  is  examined  m 
terms  of  the  reduction  in  injuries  to  front  seal  occupants  which 
might  be  obtained  if  an  ai  ^ag  was  present  In  a similar  manner 
eerh  coliision  ts  examined  to  assess  the  benefit  if  a Irp  diagonal 
^eai  bell  were  wom  An  overall  judgement  is  therefore  obte-ned 
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on  the  relative  benefits  obtainable  from  airbags  and  belts  Belts 
are  shown  to  be  superior  because  they  provide  protection  in  a 
Qreater  range  of  collision  types  if  a belt  wear  r.ite  exceeding 
some  63%  Uit  drivers  and  85%  for  front  paf-sengers  were 
obtained  the  i belts  provide  greeter  benefits  than  airbags  The 
importarKe  ot  intrusion  into  the  passenger  compartniient.  especially 
in  lata'  colliSfons  is  emphasized  as  3 restriction  on  restraint 
effectiveness  m present  day  European  car  designs  Author 


N72  19131ib  Naval  Aarospace  Medical  Research  tab.  Njw 
Orleans  La 

HUMAN  DYNAMIC  RESPONSE  TO  MINUS  GX  IMPACT 
ACCELERATION 

Cbannmg  L Ewmg  and  Daniel  J Thomas  In  AGARO  Unear 
Acceleration  of  Impact  Type  26  Jun  1971  12  p refs  (Sea 

N72  191  19  10-05} 

Avail  NTIS  HC  $6  00,'MF  S0  95 

The  purposes  of  the  study  were  fourfold  (1i  to  measure 
precisely  the  complete  input  acceleration  to  the  heao  and  neck 
nneasured  at  the  first  thoracic  vertebra  (2)  to  measure  precisely 
the  dynamic  response  of  the  head  and  neck  to  the  input 
acceleration.  (3)  to  develop  a method  of  obtaining  the  data  in 
Such  a form  that  automatic  data  processing  may  be  used  and 
(4)  to  develop  and  validate  a general  method  for  the  expenmerital 
measu:ement  of  the  bioengineering  cha.acienstics  of  the  humart 
bod>*  wrth  such  precision  accuracy,  and  repeatability  that  a 
mathematical  model  of  the  human  dynamic  response  to  impact 
acceleration  can  be  constructed  Author 


N72-19132*  Naval  Aerospace  Medica'  Research  Lab  New 
Orleans.  La 

THEORETICAL  MECHANICS  FOR  EXPRESSING  IMPACT 
ACCELERATIVE  RESPONSE  OF  HUMAN  BEINGS 
Oamel  J Thomas  and  Channmg  L Ewing  In  AGARO  Unear 
Accele^et'on  of  Impact  Type  26  Jun  1971  7 p refs  (See 

N72-19n9  10  05) 

Avail  NTIS  HC$6  00/MF$0  9S 

The  theoretical  requirements  for  expressing  the  kinematics 
of  human  impact  acceleration  experimentatioi'  are  presented 
Two  baste  coordinate  systems  for  expression  01  the  kinematic 
information  are  identified  as  (D  the  body  refe'erKe  frame 
defined  m terms  of  the  expannientel  subtect  s anaton«y  (2)  the 
laboratory  reference  frame  A general  sat  of  rules  fer  deriving 
these  coordinate  systems  is  described  Venables  and  pa  ameters 
are  defined  m terms  of  the  general  set  of  rules  The  rtsull'ng 
descriptions  are  compared  with  definitions  for  use  m prolonged 
acceleration  Author 


N72-19133f  Aerospace  Medical  Research  l^bs  . Wnght- 
Patierson  Ohio  Biodynamics  and  Bionics  Oiv 
BIODYNAMIC  MODELS  AND  THEIR  APPLICATIONS 
Henning  E vonGierl'e  In  AGARO  Linear  Acceleration  of  Impact 
’’rpe  26  Jun  197.  18  p refs  (See  N72  1 9 1 1 9 1 0 05) 

Avail  NTIS  HCS6  0C  MFS0  95 

Progress  m mode>.ng  the  mechanical  response  of  man 
exposed  to  various  environi.'^ental  forces  is  discussed  Starting 
with  a mathematical  description  of  the  mechanical  and  physical 
characteristics  of  the  integument  soft  and  hard  tissue,  the 
numerous  approaches  taken  a>>d  the  results  obtained  from 
modeling  various  integrated  elements  such  as  the  human 
vertebral  column  under  vibration  arxJ  impact  luods.  iho  chest  and 
reipiratory  system  under  vibratory  and  blast  loods  and  of  the 
whole  body  system  for  selected  force  input  conditions  and 
locations  are  reviewed  To  derive  a capability  modeling 
specific  iniury  modes  or  expar. mentally  c>bserved  probabilities  of 
injury  curves  for  various  parenchymatous  and  hoflov  orgar^s  es  s 
function  of  the  force  input  va><abfes.  more  detailed  ar  d specslued 
models  ere  being  used  such  as.  for  exempfe.  the  lumped 
parameter,  discrete  parameter  and  continuum  mode,  of  the 
bpine  uf  n.udeis  considering  r jr.hnesr  tissue  behavior  The  .'tatus 
arvd  value  of  these  models  for  siucym.i  the  body  s r>hysicai  and 
physioiogtcel  response,  for  understanding  and  predicting  ir.iury 
mechanisms  and  probability  of  injury,  lot  Scaling  the  reults  of 


artirr^al  experiments,  and  for  applying  (he  models  in  protection 
eng.neering.  such  as  escape  and  restraint  systems  design,  are 
demonstreted  There  a need  for  further  experimental  as  well  as 
theoretical  work,  in  support  of  these  practical  biorr>edical  and 
hardware  requirements  Author 


N72-19134))f  Lovelace  Foundation  for  Medical  Education  and 

Research.  Albuquerque.  N Mex 

THE  BIODYNAMICS  OF  AIR  BLAST 

Oayton  S White.  Robert  K Jones.  Edwaru  G Damon.  E Royce 
Fletcher,  and  Oo«tald  R Richmond  In  AGARD  Unaar  Acceleration 
of  Impact  Type  26  Jun  1971  21  p refs  Sponsored  by 

TiASA  and  AEC  (See  N72- 19119  10  05) 

Avail  NTIS  HC  S6  00/MF  10  95 

After  pointing  out  that  accalarative  and  decalarative  avantr 
ere  associated  with  the  direct  and  mdirect  effects  of  exposure  to 
blest-mduced  winds  and  prassure  va.iations.  some  of  the 
relevant  biophysical  parameters  were  selectively  r>oted  end 
discussed  These  mcludeo  the  pressure-time  relatio.iship.  species 
differerices.  ambient  pressuie  effects,  the  significance  of  positional 
<or«entational)  and  geometric  (snuatior^al)  factors  as  they  influence 
the  wave  form,  the  pressure  dose  and  the  biologic  response,  end 
data  bearing  up*^n  the  etiology  ot  blast  injury  The  consequerices 
of  prefsure-indui'.ed  violent  implosion  of  the  body  well  and  the 
significarKe  of  the  a.»sociated  variations  m the  internal  gas  and 
fluid  pressures  ^ure  described  and  emphasized,  as  were  aiternatmg 
phases  of  forced  hemorrhage  and  arterial  air  embolization,  fibrin 
thrombi  coaguiftion  anomalies  and  rerMti.  cardiac  end  pulmonary 
sequelae  Tentative  biomedical  entena  consistent  with  recent 
rnterspecius  scaling  and  modeling  studies  for  assessing  primary 
blast  hazards  were  presented  Author 


N72-19135I  Department  of  Transportation.  Washington.  DC 
Nell  Highway  Traffic  Safety  Administration 
LETHAL  EFFECTS  ON  MAN  OF  UNDERWATER  CETONA 
TION  OF  A FIRECRACKER 

Arthur  E Hirsch  and  Ayub  K Ommaye  (NIM)  m AGARO  Lmear 
Acceleration  of  Impcct  Type  26  Jun  1971  S p refs  (See 
N72  19119  10  05) 

Avail  NTlS  HC16  00.  MF  $0  95 

A fuecrecker  exploded  :n  contact  with  the  skm  within  six 
irKhes  of  the  skuM  base  m r,  your>g  men  while  he  was  swimming 
underwater  The  resultant  severe  head  injury  and  death  appeared 
to  be  directly  related  to  this  underwater  explosion  Reconstruction 
of  the  mechanics  of  th.s  injury  indicate  that  when  the  head  is 
suoiected  to  impact  energies  between  440  to  1800  m-lb  and 
impw':t  impulse  between  1 8 to  3 5 lb  sec.  both  skull  fracture 
and  brain  injury  ca  i occur  Author 


N72-19136a  Institutes  fuer  Wehrmedizm  und  Hygiene.  Kobfent 
(West  Germany) 

HUMAN  STRESS  LOADS  INDUCED  THROUGH  SIMUL 
ATED  PRESSURES  ON  UNDERGROUND  SHELTERS 
G Ktemhanss  and  H Dupuis  (Technischon  Umv . Munich)  In 
AOARD  Linear  Acceleration  of  Impact  Type  26  Jun  1971 
9 p refs  (See  N72-191 19  1O-OS) 

Aveil  NTlS  HCS6  00  MFS0  95 

Within  the  constraints  of  a simulated  nuclear  strike,  the 
human  stress  loads  to  be  expected  were  assessed  through 
physical  measurements  taken  on  dummies  placed  in  an 
underground  shelter  Results  verified  that  under  the  given 
conditions,  exposure  to  shock  would  not  cause  detrimental 
effects  to  the  health  or  a reduction  m efficiency,  due  to  physical 
factors  of  operators  manning  coniioi  desks  in  the  underground 
shelter  It  is  pointed  out  that  results  obtained  on  dummies  mey 
be  applied  analogously  to  man  only  to  a limited  extent  since  no 
dummies  showing  human  physiological  and  dynamic  behavior 
ware  available  The  assessment  results  apply  only  to  the 
movement  vectors  observed  during  this  test  on  shelter  floor  and 
wells  Conceivably  other  vector  variations  may  produce 
fundamentally  different  resuMs  The  measuring  data  related  to 
three  different  sealing  arrangements  indicate  technical  possibilities 
for  shock  reduction  Author 
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N/2  iyi37#  Army  Aeromed'cal  flosearch  L^b  . Fort  Ruckar. 
Ala  BK^n^meering  and  Evaluation  Oiv 

PARACHUTING  IVPACT  INJURIES  AT  HIGH  DROP  ZONE 

ELEVATIONS  ENVIRONMENTAL  EFFECTS 

Stanley  C Knapp  and  Geo  ge  R McCahan.  Jr  In  AGARO 

ur>cd-  Acceluration  of  Impact  1'ype  26  Jun  1971  9 p r«fi 

i3«e  N72  19119  10-051 

Ava  l N.IS  HC  $6  00  MF  SO  95 

A :c«'i6w  of  parachuting  iniunes  that  are  directly  related  to 
occe!erat!ve  fnrces  and  impact  is  presented  The  aveileble  and 
va'i(^  predirtion  statistics  for  a wide  variety  of  parachuting 

activitio$  IS  tliscussed  The  environmental  effects  of  wind  sheer 
wind  vj'jcr.y.  wind  thermal*,  densiry  altitude,  terrain  ar>d 
• -i.i-saseJ  rates  of  descent,  arxi  temperature  var.ations 
upon  irc.rbtdiTy  are  analysed  These  effects  were  determined 

<ju  '-ly  a<perimonts  at  6 000  .«r.d  10.000  feel  drop  zone  altitudes 
iisin.j  diH  32  foet  paraboitc  apox  vented-static  hr>e  deployed 
Ir.juiy  rates  werv  four  i;mes  greater  than  those 
ei{  o»;!ei  nuptner  ced  at  sea  level  elevations  The  conclasion.s 
and  re'.ci-'imendat-of^s  will  be  of  practical  value  in  the  training 
and  cutritiiiig  of  parachutists  for  jumps  into  high  elevation  drop 
coc  )S  Author 

N72  19138f  Itaiian  Air  Force  Aerospace  Medical  Cer^ter 

fior’ie 

BEHAVIOUR  OF  SOME  SERUM  ENZYME  ACTIVITIES  IN 
MAN.  AFTER  CRASH  ACCIDENTS.  CAUSING  MASSIVE 
injuries 

G Paoluuc*.  G Blundo.  and  A 6aHa  M AGARO  Ur^ear 

Acceieroi-on  of  Impact  Type  26  Juf  1971  5 p refs  (See 

N72  19K9  10  05) 

Avail  NTIS  HC  S6  OO  MF  $C  95 

Ousurvar>uns  wen;  uf  blood  serum  enzyme  activities 

m an  ehon  to  verify  the  fact  that  such  activiry  causes  massive 
injuries  end  fractures  to  the  human  body  Several  people 

involved  1.1  severe  road  ecodenis  were  observed  for  activities  of 
the  following  ei^zymes  ill  biurarruc  oxaiacetic  transaminase 
(GOTi,  i2i  Giuiamic  pyuvic  transaminase  ^GPTl,  (3)  Lactate  end 
MaUte  dchfOrogenase  <L0P  MMUi  (4j  Adaiose  (AlO).  (5) 
Alkaline  phosphates  ;ALKP).  (6l  Acid  phosphate  (AeP)  Results 
show  seme  enzyme  activities  mciease  m the  most  severely 
irijured  Subjects  and  tfial  a correlation  exists  between  some 
enzyme  activities  and  txxfy  daniagc  Results  also  indicate  the 
posaibiMy  of  evaluating  the  degree  of  body  damage  from  cenam 
enzyme  ^jCUviues  and  that  some  enzymes  analyses  especieiiy 
GOT.  may  cto  ijseful  for  diagnosis  ar^d  medico  legal  ijdgeir.ents 

Author 


N72  19139a  Aerospace  Medical  Research  labs  Wnght 
Patterson  AFB  Ohiv) 

THE  DYNAMIC  BIOMECHANICAL  NATURE  OF  SPINAL 
fractures  and  ARTICULAR  FACET  DERANGEMENT 

Leon  E Kazarian.  Dale  D Boyd  and  Henning  F.  vonG'erke  m 
AGARD  unear  Acceleration  of  Impact  Type  26  Jun  19/1 
25  p rels  :See  N72  191  19  10  OS) 

IAMRI.  TR  71  171  Avail  NHS  HC  $6  OO- MF  $0  9b 

Through  the  application  of  appropriate  scaling  laws  animal 
eipenmenis.  particulary  on  primates  are  shown  lo  be  of  value  m 
explaining  hard  tissue  n»,'iry  mechanisms  and  individual  organ 
injury  potential  m rr.an  exposed  to  impact  forces  Ir’  suppon  of 
this  approach  rhesus  munkeys  were  ar.esthei'xed  radiographed 
positioned  in  ar  impact  carriage  restrained  by  lap  belt  torso 
harness,  arid  hmb  rf-iemion  straps  and  exposed  to  • Gz  seated 
rectangular  acceleration  time  histones  from  predelerinmed  d'op 
heigfits  Shortly  folic  wmg  impact  all  pnmates  were  radiographed 
killed  arid  a necropsy  performed  Attempts  were  made  by 
means  of  an  injury  classification  system  to  determine  injury 
pKitential  a*  a function  of  plateau  acceferaiion  and  pulse  duration 
lo'  the  spinal  column  Type  f'euuency  and  severity  of  vertebral 
bort-y  esntrum  fractures  along  with  injury  lu  ttie  vertebral 
appendages  were  ciassif’wd  Vertebral  articular  facets  apophyaeat 
joints  ui“u.;iJe'b  -HU  uei ar»u*^' Jitficur.  tc  :dcnt’fy 
radiograohicallv  due  to  poor  X ray  f.lm  resolution,  overlying  toft 
t-.xsue.  and  bony  rna-gi.i  <;hadowt  Nocropsy  demon'dretecl  a 
large  percentage  of  primates  ftxr\,pit^d  this  type  of  leS'On  Injury 


probabihtes  for  the  vertebral  column  estabi<shed  by  radiogiaphic 
and  gross  necropsy  examination  Supplement  and  explain  available 
knowledge  on  spinal  injury  mechanisms  observed  m the  rhesus 
monkey  Author 


N72-19140.y  SlralhclyO*  Univ  Glasgow  (Scotland)  B.nengmeer 
mg  Unit 

THE  MECHANICAL  AND  STRUCTURAL  CHAHACTEflIS 
TICS  OF  CONNECTIVE  TISSUE 

Bryan  Fmlay  John  H Ev^ns.  James  F North  Tom  Gibson,  and 
Robert  M Kenedi  In  AGARO  Linear  Acceleration  of  Irnpect 
Type  26  Feb  19  .’ i 1 0 p refs  (See  N72  1 9 1 1 9 1 0 05) 

Avail  NTIS  HC  S6  00/MF  SO  95 

A reng^  of  test  procedures  is  described  n detail  and  typical 
data  are  given  for  humrn  skin  to  illustrate  <he  rate  sensitive 
noo-i'.iearit>es  that  may  be  encountered  with  these  materials 
C'ltena  used  to  assess  the  failure  of  a tissue  are  considered  on 
the  basis  of  impairment  of  physiological  function  fhe  r^ormal 
structure  of  skm  and  its  response  to  stress  is  illusiitted  by  the 
use  of  the  scanning  electron  microscope  and  trie  construction  of 
a tendon  model  is  desc.iberi  before  finally  assessing  ti.c  whole 
piocess  of  tissue  modelling  Author 

N72-19141a  Hughes  Tool  Cu  Culver  (Gity.  Cold  Aircraft  Oiv 
DESIGNING  HELICOPTERS  FOR  IMPROVED  CRASH 

SURVIVABILITY  c02 

Henry  G Smith  M AGARO  Unear  Acceleration  of  impact  Type 
26  Jun  1971  1 4 p refs  iSee  N72  19119  10  0 6i 

Avail  NHS  HC$600  Mf$095 

The  fundamental  theory  for  providing  anenuation  of  the 
crash  impact  is  reviewed  with  omphas's  upon  understanding  the 
relationship  of  the  fundan^ental  parameiers  of  the  problem 

Based  upon  operating  statistical  data  m regard  to  potentially 
scrvivabie  crashes,  along  with  engineering  studies  of  eny  new 
helicopter  design,  design  objectives  can  be  established  lor  the 
level  of  crash  protection  lo  be  pfuvuJeJ  fui  tfie  i^uupaMi*  J.n 
problems  of  this  type  a tradeoM  always  ex.sts  between  size  and 
weight  penalties  incurred  lor  crash  survrvebiiity  versus  the  value 
of  that  same  amount  ol  Size  or  weight  for  performance,  payload 
armor  or  armament  Methods  ol  ‘inenuatmg  or  absorbing  the 
crash  impact  m a gradual  manner  ar  ifv.  key  lo  the  provision  of 
higfi  crash  protection  levels  while  imposing  minimum  weight 
penalti  upon  the  heiingpiei  Operating  experience  confirms  that 
improved  helicopter  crash  survivaO'iity  cen  actually  be  obtemed 
in  a mihia^  operational  environment  In  addition  to  the 
•mprovement  of  lurvivatniity.  improved  morale  Of  the  crew 
members  was  a S'd©  benefit  The  current  trends  of  crash 
protection  lo»  new  hehcoptei  designs  are  discussed  with 
implications  ol  further  improvement  from  the  crash  sunrivability 
standpoint  m future  helicopters  Author 


N72- 19142#  Cornell  Aeioneoncai  Lab  . tnc  . Buffalo  N Y 
AUTOMOBILE  STRUCTURAL  CRASHWORTHINESS 
CONCEPTS  FOR  CRASH  PROTECTION 

PeUirk  M Miller  In  AGARO  Linear  Acreleration  of  Impact  Type 
?6  Jun  '971  16  p refs 'See  N72  1 9 1 1 9 1 0 OBJ 

iConlract  DOT  FH  1 1 6918' 

Avail  NTIS  HC  S6  00/MF  $0  95 

A senes  of  full  scalo  automobiio  crash  tests  were  cond.'cied 
to  determine  the  structural  crashworthiness  perlormaricn  Of 
conventional  automobiles  and  to  evaluate  the  performance  c* 
struciiiral  concepts  designed  to  provide  protection  during  frontal 
ernj  laienai  impacts  with  fixed  objects  Conditions  believed  to  be 
represenianve  of  severe  single  vehic'e  accidents,  where 
automobiles  impact  narrow  obstacles  were  developed  and  used 
in  the  study  The  objectives  of  the  structural  modifications  were 
to  producs  a more  uniform  energy  absorption  i e more  uniform 
decelerations  near  40  g s and  20  g's  respectively  for  frontal  and 
lateral  collisions  The  frontal  st'uclural  modifications  considered 
both  front  ;-irt  rear  engine  vehicle  designs  and  were  evaluated 
wiri-  a ^iQi^  po'^  HAifi#.*  fhe  collision 

speeds  rariged  from  35  Mf'H  to  6J  MPH  These  structural 
modifications  were  designed  so  that  tfie  entire  disiance  m front 
of  the  passenger  compadineni  could  be  userl  for  energy 


102 
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abiMfption  The  results  demonstrated  that  the  rrH>dificetions 
when  coupled  with  this  restraint  system  urcvide  for  a force 
iinnitir>Q  system  on  the  occupant  for  th  s range  of  impact 
conditions  Author 


N72  19143/v  Wright  Co  Kettering.  Ohio 

AHMOR  MATERIALS  FOR  LIFE  SUPPORT 

Robert  Fred  Rolsten.  Joseph  G Ounleavy.  and  Ed%vard  G bodine 

!n  AGARO  Linear  Acceleration  of  Intpact  Type  20  Jun  I97t 

14  p rets ’See  NV;^-l9n9  10  OS) 

Avail  NTlS  HC  $6  00;MF  S0  9S 

A historical  review  of  armor  personnnel  protoctive  devices  is 
presented  together  with  the  philosophy  of  the  use  disuse  of 
drrnor  The  current  levels  ot  protection,  armor  designs  and 
materials  state  of-ihe-art  are  discussed  Author 

N72  19144^  Deputy  Inspector  General  for  Inspection  and 
Safety  lAir  Force)  No.lor  AFB.  Calif 

OPERATIONAL  ASPECTS  OF  FORCES  ON  MAN  DURING 
EJECTION  EXTRACTION  ESCAPE  IN  THE  US  AIR  FORCE. 
1 JANUARY  1968  31  DECEMBER  1970 

Robert  H Shannon  In  AGARO  Unear  Acceleration  of  Impact 
Type  26  Jun  1971  8 p (See  N72  1 9 1 1 9 1 0 OS) 

Avail  NTtS  HC  S6  00/MF  SO  95 

A study  of  468  elections  m the  United  States  Air  Force 
fUSAF)  reported  duri'ig  iho  period  1 January  1968  to  Ocrcember 
1970  disclosed  tfiai  one  m nine  crew  members  involved  received 
me  or  or  fatal  injuries  as  a result  of  forces  encountered  from 
system  initiation  to  parachute  opening  in  49  cases  the  injuries 
received  were  r:iassified  as  rr^ajor  (nonfatah  and  three  crew 
members  were  fatally  m)ured  The  majority  of  the  m%|or  injuries 
were  attributed  to  the  initial  forces  of  ejection  and  w jre  primarily 
compression  fractures  of  the  vertebral  column  T’lese  injuries 
cuiitiMue  to  occur  w.jh  consistent  frequency  r.  n*  *>>• 

that  the  maiimum  accelerations  of  the  catapults  m use  today  are 
well  below  human  tolerances  The  major  factors  which  influence 
the  incidence  of  ejection  foice  *n|unes  are  the  type  catapult 
used,  ejection  posture,  and  age  of  the  individual  involved  Of  the 
three  ejection  posture  appears  to  be  the  single  most  critical 
factor  The  correlation  of  the  individuals  weight  by  type 
catapult  was  not  remarkable  The  frequency  of  injuries  annbuted 
to  Q forces  showed  a sign  ficant  increase  over  previous  studies 
of  USAF  ejection  escape  eiperience  Although  the  incidence  of 
high  speed  ejections  has  increased  only  slightly  Q-force  injuries 
occurred  m 4 percent  of  all  nonfatal  ejections  and  accounted  for 
12  percent  of  the  total  major  mjunes  Author 


N72- 19145k  Loughborough  Univ  of  Technology  (England) 
Oept  Ergonomics  and  Cybernetics 

MEASUREMENT  OF  HUMAN  RESPONSES  UURiNG 
IMPACT 

J Sartdover  In  AGARD  Linear  Acceleration  ol  Impact  Type 
26  .lun  1971  12  p refs  (Set  N72  1 9 1 1 9 1 0 05) 

Avail  NTIS  HCS6  00.  MF  S0  95 

In  response  to  a need  for  information  on  the  dynamic 
properties  of  ttian  when  using  ejection  seals  eguipment  has 
beei  developed  to  simulate  the  transient  acceleration  of  election 
The  equipment,  and  the  data  acquiiifon  and  processing  systems 
are  described  The  apparatus  was  used  for  mechanical  impedance 
studies  and  performs  adequately  up  to  30  Hz  The  present 
experimental  program  is  designed  to  provide  information  on  the 
variations  of  mechanical  response  of  individual  subjects  and 
between  subjects  m a relatively  restrictive  experiment  le  g hard 
seat  upright  tx>sture  low  acceleration  levels)  The  expenrr.em* 
so  far  indicate  the  existence  of  a senes  resonance  at  9 to  10 
Hz  The  use  ol  mechanical  impedance  techniques  leads  to 
accurate  measurement  of  mechanical  response  «it  the  input  lo 
the  body  but  does  not  offer  a great  eJea'  of  evidence  for  the 
post'i’anon  of  <lPiail»Kl  models  For  this  reason  internal  anq 
external  .ransmissibihty  measurements  are  advocated  Some 
Oreliminary  t ransm  issib'l't  y rr-easurements  are  recorded 
Cons  dered  of  the  litera'ure  and  the  transmissibilify  measurements 
indicates  rleficienr-as  m many  m.odels  of  the  body  and  the  need 
lor  a S'mple  d-rect  approach  Author 


N72-1S14B#  Centre  d Essais  en  Vol.  Bretigny  sur  Orge  (Franco) 
Lab  de  Medecme  Aerospatiale 

EJECTION  ACCELERATION  PHYSIOLOGICAL  EFFECTS. 
TOLERANCE  (ACCELERATIONS  A L'EJECTION  MOYEN& 
DETUDE  EFFETS  PHYSIOLOGIQUES,  TOLERANCE) 

R AuHret  H Seris,  J Oemange.  and  R P Oeiahaye  In  AGARD 
Linear  Acceleration  of  impact  Type  26  Jjn  1971  6 P 'els 

In  FRENCH  (See  N72  191  19  10  05) 

Avail  NTlb  HC  $6  00/MF  $0  95 

The  physiological  effects  of  acceleration  and  ejection  on 
man  are  stud  ed  vvitf.  the  aid  of  a centrifuge  Major  efforts  were 
made  to  establish  human  tolerance  to  different  acceleration 
stresses  and  determine  the  occurence  of  lumbosacral  spinal 
injuries,  pailicutarly  'ntervertebral  disks  The  characteristics  and 
performance  of  the  centrifuge  are  included  TransI  by  E H VV 


N72-19147e  Royal  Aircraft  Establishment.  Farnborough 
(England)  Human  Engineering  Div 

BLAST  TESTING  AIRCREW  ESCAPE  EQUIPMENT 
INCLUDING  AN  ACCOUNT  OF  A NEW  TRANSONIC  TEST 
FACILITY 

J M Rayne  In  AGARO  Linear  Acceleration  of  Impact  Type 
20  Jun  1971  8p  refs  (See  N72  191  19  10  05) 

Avail  NTlS  HC  $6  00' MF  $0  95 

The  desigr)  of  a facility  and  its  perlorrnance  in  determining 
the  crffeciiveness  of  aircrew  equipment  to  air  blasts  up  to  Mach 
1 3 are  discu&sed  In  this  device  the  air  speed  decay  profrie  is 
programmed  and  can  be  made  to  simulate  a range  of  post 
ejection  conditions  from  sea  level  to  altitude  Tests  on  a 
protective  helmet  demonstrate  that  u will  probably  be  pracncable 
to  give  head  protection  up  to  about  700  kt  at  sea  level 
However,  failures  of  the  visor  which  have  occurred,  show  that 
explosive  dismtegraton  of  the  whole  helmet  follows  a!  au 
speeds  from  600  M upwards  Helmei  and  visor  failures  usual. y 
occur  vvjjhir.  100  .Ttsec  of  cxpccurc  qnd  the  bfact  offset  uan  'ac 
regarded  as  an  impact  in  testing  helmets  therefore,  the  trial 
duration  of  exposure  u severe  blast  does  not  appear  to  be 
important  On  the  other  hand,  fabric  is  destroyed  by  the  effects 
ol  flutter  and  the  extent  of  damage  seems  to  be  t.me  depenJeni 
The-efore  in  testing  fabric  protective  equipment  the  shape  of  the 
air  flow  decay  curve  may  well  be  imjjortant  Author 


N72  I9l48k  Centre  d Essais  er^  Vol  Bretigny  sur-Orge  fFrance) 

RADIOLOGICAL  STUDY  OF  SPINAL  INJURIES  TO  PILOTS 
UNDERGOING  SUDDEN  EJECTION  (ETUDE  RADIOLOGI 
QUE  DES  LESIONS  DU  RACHIS  CHEZ  LES  PILOTES 
AYANT  SUBI  UNE  EJECTION; 

R P Deiahdye.  H Sens.  R Auffret.  G Gueffier,  and  P J 
Metges  In  AGARO  Linear  Acceleration  of  Impact  Type 
26  Jun  1971  8 p refs  In  FRENCH  (See  N72  191  IR  ’ j Op) 

Avan  NTiS  HC  $6  00/  MF  $0  95 

Spinal  injuries  to  pilots  caused  by  sudden  r-.jection  are 
studied  redroloyiuaiiy  The  study  was  made  m -,n  attempt  to 
determine  the  exact  traumatic  injury  the  verteb;<'je  involved  tfie 
i^al'talion,  and  the  type  ol  fractures  Ihe  fractures  caused  by 
the  propulsion  of  the  ejection  seat  are  also  studied  it  was 
determined  that  the  ejection  seat  usualh,  caused  injuries  to  the 
6th  7ih  and  Bih  vertebrae  it  was  also  determined  that  the 
position  of  the  pilot  upon  ejectior.  co  itribules  ;o  spinal  injuries 

TransI  by  E H W 

N72  19149rr  Hellenic  Air  Force  General  Hospital  Athens 
tGreecel  Orthopaedic  Dept 

SOME  OBSERVATIONS  ON  COMPRESSION  FRACTURES 
OF  THE  SPINE  IS  EJECTED  GREEK  PILOTS 
Pan  P Symeor'ides  In  AGARD  Linear  Acceleration  of  Impact 
Type  26  J'.n  1971  3p  refs  See  N7  2 19119  10  05) 

Avail  NTiG  HC  $6  100  MF  $0  95 

The  causes  of  compression  fracl'jres  in  Greek  pilots  during 
the  Jeedde  l9bU  l9by  were  mvpsiirjaieu  He5>ui"pi»oi.  of  duties 
hy  pilots  with  such  fractures  was  studied  it  was  found  that  18 
percent  of  the  ejected  pilots  sustair.ed  compression  fractures  of 
the  spine  All  fractures  occurred  du'ing  ejection  and  -.yere  located 
at  the  dorsolumbar  region  of  the  spme  (T10  ?u  L3i  There  was 
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suKic<ent  evidence  th#i  excessive  tig^tenmQ  of  the  ejection  seet 
betts  (shooldar-butiocks)  produces  a peirnaneni  flexion  of  the 
spine  which  thus  becomes  more  vulnerable  during  ejecnoo  If  the 
wedging  of  a vertebra  following  a fracture  does  not  exceed  1/3 
of  the  height  of  the  vedebrai  body  and  the  symptoms  are  mild 
enough  the  pilot  may  return  to  the  active  service  as  let  pilot  If 
wedging  is  greater  than  l -'3.  he  should  not  resume  his  previous 
duties  erther  as  let  or  helicopter  pilot  because  the  created  local 
kyphosis  of  the  spir>e  renders  the  neighboring  vertebrae  more 
vulnerable.  Author 


N72  191S0(V  Ovil  Aeromedical  Inat  . Oklahoma  City.  Okla 
Protection  and  Survival  Lab 

DESIGN  CONSIDERATIONS  FOR  IMPACT  TEST  FACILI- 
TIES 

Richard  F Chandler  In  AGARD  Unear  Acceleration  of  Impact 
Type  26  Jun  1971  10  p refs  (See  N72-191 19  10  05| 

Avail  NTIS  HC$6  00/MF$0  95 

With  the  advent  of  World  War  2 pitot  shortage  necessitated 
scientific  investigation  of  the  causes  of  crash  injury  These  early 
investigations  made  use  of  a variety  of  test  facilities,  including 
swing  seats,  acceleration  towers,  drop  towers  acceleration 
tracks  and  deceleration  tracks  The  facilities  served  as  a baS'S 
for  Similar  devices  m use  today  The  purpose  of  incse  'acihties  i$ 
to  produce  a controlled  impact  representative  of  an  actual  crash 
Good  s’muiation  of  the  magnitude  of  acceleration  changes  <s 
possible  on  these  facilities,  but  none  provide  exact  replication  ot 
tne  change  m acceleration  direction  which  is  experienced  m a 
crash  Author 

N72-19151I  Royal  Air  Force  Inst  of  Aviation  Medicine 
Farnborough  (England) 

A UNEAR  DECELERATION  TRACK 

A F Gii«>  In  AGARO  Unear  Accclc.'at:cr  cf  Typ<? 

2G  Jun  1971  9 p (See  N72  1911$  10  06) 

Av.»il  NTIS  HCS6  00  MFS0  95 

linear  decelerator  is  housed  m a building  52  m (170  h) 
long  .j  lias  a track  length  of  46  m (1&0  H)  The  54S  kg  (1200 
lb)  test  veh.cle  is  capable  of  carrying  a payload  of  160  kg  (350 
lb)  and  is  propelled  by  rubber  bungee  ropes  It  can  ana  n a peak 
velocity  of  23  metres,  'scond  (75  ft.  sec)  The  arrestei  mechanism 
IS  capable  of  producir.g  a peak  vehicle  deceleration  of  up  to  60g 
and  consists  of  c steel  cable  harnes::.  stretched  across  the  track, 
each  end  being  connected  to  the  piston  of  a hydraulic  cylinder 
When  the  vehicle  displaces  the  cables  movement  of  the  pistons 
squeezes  hydrauhe  flurd  from  each  cylinder  through  a rnetered 
orifice  resulting  in  a controlled  deceleration  force  on  the  vehicle 
The  profile  shapes  avaiiaoie  are  a half  sme  wave  a s>ne  wave 
With  a so  millisecond  plateau,  a double  peak,  or  a triple  peak 
Gravity  onset  rates  can  be  varied  from  60g/ second  to 
750g,'  second  Authui 

N72-19162i  M ax  - Planck  Institut  fuer  Arbeitspnysiologie 

Oonmurvd  (West  Germany) 

AN  EUCTRO  HYDRAULIC  SYSTEM  FOR  SIMULATIONS 
OF  COLLISIONS 

W Lange  In  AGARO  Linear  Acceieratior-  of  Impact  Type 
26  Jun  1971  4 p (See  N72  191  19  10  05) 

Avail  NTIS  HC$6  00.'MF  $0  95 

Equipment  is  described  which  is  used  in  simulations  of 
automobile  collisions  The  device  consists  mamiy  of  a guided 
sled  on  which  the  cabin  can  bo  mounted  forward  obtiquety 
laierallv.  or  backward  The  sled,  which  can  be  accelerated 
between  O and  30  g.  is  piston  powered  and  controlled  by  an 
elecirohydraulic  catapult  Mechanical,  hydrculic  and  electncal 
design  lectures  as  well  as  the  recording  system  are  described 

Author 

N72  19153/'  S p A . Turin  riT»iy‘ 

FIAT  CATAPULTS 

E rranchini  In  AGARO  Unear  Acceleration  of  Impact  Type 
26  Jun  1971  8 p refs  iSeo  N72  191  19  10  05) 

Avail  NTIS  hC  $6  00.  MF  $0  95 

An  Outline  »5  drawn  of  several  propuU'un  systerrs  adopted 


to  launch  a car  against  an  obstacle  and  the  ra-jsons  ire  Qnon 
why  the  catapult  sysiem  was  preferred  This  system  c:!cv  * 
po^ibiiity  of  launching  a car  indoor,  it  is  simpli  and  of  low  cost 
and  has  a high  operational  flexibility  A desc  iption  is  given  o* 
the  low  and  medium  speed  impact  carspuit  and  of  the  new 
catapult  (or  collisions  at  up  to  80  km  h cf  cars  up  to  2000 
weight  The  catapult  desigi^  diagrams  are  given.  The  control  and 
operation  devices  and  the  measuring  instrumentation,  are 
described  The  different  typer-  of  test  run  with  the  catapult  are 
illustrated  They  include  (1)  head  on  colhsion  agamst  barrier  at 
90  degrees  or  at  other  angles  of  approach.  (2)  side  impact 
against  stationary  car.  (3i  rear  end  coll-sion.  (4)  wedging  under 
Staiiorary  truck  front,  side  or  tail.  (5)  launching  of  car.  raised 
clear  of  ground  and  placed  transversally  on  (he  trolley  to 
simulate  the  side  skidding  impact  ajainst  barrier  C'  pole  (6) 
sudden  braking  ot  a complete  car  to  study  the  behavior  of 
dummies  in  their  impact  against  passenger  compartment  mter>or 
(7t  Sudden  braking  of  a dolly,  ory  which  a dumrrty  is  installed  to 
study  seat  bells  ior  other  resirairit)  or  the  impa  t of  driver 
against  steenng  wheel  Author 

N72  19154.k  Motor  Industry  'tecearch  Association.  Undley 
(England) 

THE  MIRA  VEHICLE  IMPACT  TEST  FACILITY 
T R Aston  In  AGARD  Lindt  r Acceleialion  of  Impact  Type 
26  Jun  1971  8 p iSee  N72  13119  10-05) 

Avail  NTIS  HCS6  00  MF$0  9S 

Tests  were  conducted  out  of  doors  initially,  but  with  the 
mt.oductiOn  of  leg-'lation  a la  ge  number  of  certification  and 
compharyce  tests  became  necessary  aryd  mainly  because  of  the 
unptedictabie  chroate  m the  U F . it  was  fouryd  necess-»fy  to  buOd 
an  indoor  test  ng  On  this  test  ng  a linear  induction  motor  iS 
used  as  the  prime  mover  and  >t  is  capable  of  accelerating 
vehicles  of  up  to  10  000  Ib  ii  weight  to  any  speed  up  to  30 
Special  nrnvision  w3S  made  for  high  speed  cme  photography 
and  electronic  insirumentduc r . and  the  enpre  lest  ng  i? 
automatically  controlled  In  oider  tu  safeguard  personnel  a 
comprehensive  safely  interlock  system  was  u corporated  Author 

N72-19155ik  Naiione'  Bureau  of  Standards  Washington.  DC 
THE  MATHEMATICS  OF  IMPACT  AND  CRASH  TESTS 
OF  AIRPLANE  AIRBAG  RESTRAINT  SYSTEMS 
Carl  C Dark  In  AGARD  Lnear  Acceleratiory  of  Impact  Typo 
26  Jun  1971  8 p refs  iSee  N72  19119  10  05) 

Avail  NTIS  HC$600  Mf$0  95 

The  r sub  X g sub  y.  and  g sub  2 linear  acceleration  and  r 
dot  sub  X.  r Oot  sub  y.  and  r dot  sub  z angular  acceleration 
terminology  (the  latter  repraseriting  radians,' sec  sq)  is  rev  ewed 
It  IS  urged  (hat  the  representation  of  human  acceleration 
environments  by  dccetercmeters  be  filtered  to  be  Hat  (with  less 
thai*  C S db  vanationt  in  rcspcnjc  from  0 to  2^0  »nri  then 

attenuated  above  240  Hz  at  12  dh  per  octave,  in  preference  to 
ihe  more  common  representation  by  ac  accelerometers  Iflat  from 
about  10  to  2000  Hertz)  This  Utter  representation  often 
obscures  biologically  importai  t acce'erations  m met?*  ringing 
spikes  lllusiraiions  are  drawn  from  crash  studies  of  airplane 
airbag  restiaint  systems  and  from  maihemahcal  representations 
of  passenger  compartment  loads  tor  autornobile  crashes  of 
various  types  Author 


N72-191S6e  Michigan  (Jniv  Ann  Arbor 

eiOMSCHANlCo  OF  RESTnArvi  AND  IMPACT  AH  ENU  A 
TION  SYSTEMS 

Verne  L Roberts  and  Jarnes  H McElhaney  ir.  AGaRO  Gneur 
Acceleration  of  impact  Type  ?6  Jur-  1971  9 p rots  (See 

N7?  19119  10  Oul 
■ vail  NTIS  HC  $600,  MF  TGSd 

The  methocologv  aio  .esu*  i iron  research  program 
concerning  the  protective  aspects  pass.ve  rostra, nt  systems 
are  provided  The  criteria  which  should  be  use-j  m the  evaluation 
o*  passive  i6:  t.amts  aie  provide-1  and  the  experimental  and 
analytical  loos  to  define  restraint  periormanc?-  are  discussed 
Research  md  cates  that  passive  resiram’.s  can  provide  protection 
equal  to  that  provided  ')y  bell  syoiems  and  Jhat  a passive 
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restraint  must  be  ciretuliy  integrated  with  the  vehicle  interior  to 
provide  optimum  protection  Author 

N72-19167A  Aeroepece  Medical  Research  Labs.  Wright 
Patterson  AFB.  Ohio 

Re$TPAINT  DESIGN  LABORATORY  TEST  AND 
EVALUATION  OF  OPERATIONAL  EFFECTIVENESS 
James  W Brinkley  and  John  T Shatter  In  AGARD  Linear 
Acceleration  ol  impact  Type  26  Jun  197  1 7 p rets  (See 

N72  191  19  10  05) 

Avail  NTIS  HC  $t>00/MF  $0  95 

Methods  used  to  design  contemporary  personal  flight 
equipment,  such  as  rasifami  systems  and  ejection  seat  cushions, 
are  presented  Emphasis  is  placed  on  the  acceleration  pro'ecnon 
aapects  of  the  design  Both  analytical  modeling  and  experimental 
datermination  of  material  charade  istics  are  discussed 
Espenrnentai  results  of  laboratory  impact  test  evaluations  of 
three  items  of  personal  equipment  using  human  subjects  are 
presented  These  experiments  include  an  evaluation  of  three 
operational  restraint  harnesses  at  g sub  x acceleration  levels  up 
to  16  g.  a study  of  the  acceleration  transmission  ch£  acteristics 
of  ejection  seat  cushions  and  work  completed  m the  study  ot 
acceleration  protection  provided  by  rapidly  deployed  air  bag 
restraint  systems  The  implicalions  of  the  expenme'ital  findings 
are  discussed  ar>d  related  to  operational  experience  Author 


N?2-1915Bi^  Royal  Air  Force  Inst  of  Avation  McCiti'^ 
Famborough  (England) 

A CASE  FOR  THE  NEGA>(Y»^  o S^HAr 
R C Reade  In  AGARO  Linear  Acceleraiion  of  lm^:ci  Type 
raft  (See  N72  19119  10  06) 

Avail  NTIS  M06  00/MFS0  96 

Tha  addition  a negative  g strap  is  proposed  r>  order  to 
nverrnme  ^ome  of  lh«  nf 

Tha  effects  of  eeriKoatics.  veriica!  viLration.  and  crash  impect  on 
a harness  are  oeta  .ed  xnd  (he  way  in  which  the  negative  g 
strap  improves  restraint  is  described  The  advantage*  and 
disadvantages  of  negative  g straps  m harnesses  are  discussed, 
anc  details  of  consti  iction  location  and  I'lrting  are  presented 

Author 


N72  191691*  Ma  X Planck -InstituI  fuer  Arbeitsphysiologie. 
Oqrtmu>*d  (West  Germany) 

SEVERE  FRONTAL  COLLISIONS  AND  RESULTING 
INJURIES  WITH  ANO  WtTHOUT  RESTRAINING  DEVICES 
W Lange  In  AGARD  Lmeai  Acceleration  of  impact  Type 
26  Jun  1971  10  p rets  (See  N72  191 19  10  05) 

Avail  NTIS  HCS6  00/MF  $0  95 

The  rc;u!»t  of  s:.mu!a*ed  fronts!  coMiSJon;  arc  bnoffy  described 
Types  arxd  magnitudes  of  injuries  sustained  by  cadavers  dec>er>ded 
on  (1)  whether  r>r  not  they  were  restrained  by  safety  bells  (2) 
type  ar>d  stiffness  of  belts  (3)  absence  or  presence  of  steering 
xvaembiy  ar»d  instrument  panel  and  (4)  interactions  between 
body,  harness  and  structures  in  the  driver  s space  Two  pilot 
s.'xfies  with  air  bags  yielded  conflicting  results  Author 


N72  19160a  Royal  Air  Force  Inst  of  Aviation  Medicme 
Famberough  (England) 

PROTECTION  OF  THE  HEAD 

J A Gihies  In  AGARO  Linear  Acceleration  of  Impact  Type 
26  Jun  1971  3 p (See  N72  191  13  10  06) 

Avail  NTIS  HC  $600.  MF  $095 

The  protective  holmels  developed  to  ameliorate  the  effects 
of  impact  Of'  the  he/*c*  improve  survival  and  reduce  injury  m 
/nreraft  accidents  However  they  would  be  aided  by  improve 
enis  in  restraioi  systems  ano  bettor  work  space  design 
Aircrew  u(</Iib^li«e  )•el(<>el»  Sl'OulJ  cOiiluioe  to  be  utrSigntnJ  to 

deal  With  hig).  energy  rather  than  repetitive  low  energy,  blows 
Tha  multiple  functions  of  helmets  mcke  it  difficult  to  meet  all 
requirements  without  excessi  e size  and  weight  Reduction  m 


both  weight  aryj  size  would  be  desirable,  but  current  starsdards 
of  p/otaction  should  be  mamiairsed  The  impact  lest  method 
used  in  helmet  development  should  take  accidani  firsdings  into 
account  and  should  involve  a small  number  of  high  artargy 
blows  Author 


N72-19161#  Michigan  Univ  . Ann  Arbor  Biomechanics  Oepi 
THE  BIOMECHANICAL  ASPECTS  OF  CRASH  HEfMET 
DESIGN 

James  H McElhaney.  Veme  L Roberts.  ar>o  Richard  L Stalnakar 
In  AGARD  Unear  Acceleration  of  Impact  Type  26  Jun  1971 
8 p <afs  (See  N72  191  19  10-05) 

Avail  NTIS  HC  S6  00/MF  $0  95 

A head  injury  model  capable  of  predicting  head  injury 
through  a maximum  strain  criteria  was  developed  This  model  is 
coupled  to  a helmet  model  and  the  combination  allows  the 
prediction  of  optimum  helmet  performance  characteristics  wrthm 
a given  set  of  constraints  including  size  and  weight  Several 
model  exercises  consisting  of  varying  coupnng  paramoters  are 
presented  It  was  concluded  that  helmet  performance  is  improved 
by  decreasing  elastic  stiffness  and  increasing  damping  properties 

Author 


Fj72-10162j*  M L A iciion  Cn  Ltd  Maidenhead  (England) 
THE  DESIGN  AND  DEVELOPMENT  TESTING  OF  AIRCREW 
P*tOTECriV£  HELMETS 

J Greqor/  In  A3ARD  Unear  Acceleration  of  impact  Type 
25  .M-o  1971  7 p (Sec  N72  191  19  10  05) 

Avail  NTIS  HCS600  MFS095 

Problems  of  design  resolution  are  discussed  for  effecting  a 
compromise  between  conflicting  requirements  for  flight  helmets 
T>»ere  IS  *he  need  to  protect  flight  crew  members  from  all 
possible  consequences  of  a hostile  environment  while  allowing 
hirr  to  carry  out  his  pnma^  purpose  of  flying  or  operating  the 
aircraft  efficient!,  without  hindrance  from  cqu.p.T.cnJ  St.'^gos  cf 
helmet  design  and  component  assembly  testing  jre  shown  m 
sequences  to  indicate  development  from  inifai  shape  size 
conception  and  testing  of  individual  components  to  full  evaluation 
ar>d  te»iii>g  ui  complete  prototypes  Reference  is  made  to  the 
Sesign  development  and  testing  of  d general  purp»Oje  military 
aircrew  protective  helmet  mask  assembly  nearing  completion  m 
tt'.e  U K Panicular  aiionnon  was  paid  to  keeping  the  all  up 
weight  of  the  assembly  under  1800  g and  m addiimn  to 
conventional  helmet  facilities,  mcoiporatinq  an  aulomaticailv 
lowering  visor  for  a ' blast  proiechon  Author 


N72  19163if  S'*ell  Memorial  Foundation.  Sacramertto.  Calif 
EVALUATION  AND  TESTING  OF  PROTECTIVE  HEADGEAR 
George  G Sniveiy  In  AGARD  Linear  Ms,:eleraiion  of  Impact 
Typo  26  Jun  1971  7 p (Sec  N72  1 9 1 1 T.  1 0 05l 

•Gram  tL  UUUl  J) 

Avail  NTIS  HC$6  00  MF$0  95 

Review  IS  marie  of  factors  which  must  be  considered  m 
evaluating  the  performance  of  protective  headgear  Standards  of 
performance  are  considered  and  an  analysis  is  presented  of 
techniques  utilized  m helmet  testing  Special  attention  is  given  to 
ie:*ts  for  penetration  resistance  retention  harness  strength  and 
protection  against  impact  Author 

f473-19143it  Advisor/  Group  for  Aerospace  Research  and 
Development.  Paris  (France) 

PERFORMANCE  AND  BIODYNAMIC  STRESS  INFLUENCE 
OF  INTERACTING  STRESSES  ON  PERFORMANCE 

Nov  197?  no  p refs  Pro  of  AGARD  Aerospace  Mtd 
Panel  Specialist  Meeting  Brussels  . Jun  1972 
lAGARDCPlOli  Avail  NTIS  HLS7  5D 

The  mieractioris  of  operational  fiigin  stresses  and  their  olfects 
on  human  performance  are  considered  at  ifns  conference  For 
• idividudi  titles  see  N73  19144  through  N73  I9i56 

N73  19144  Royal  Aircraft  Estai)iishment  Farnborough  i£ngiandi 
Environmental  Effects  Sechon 

EARLY  THOUGHTS  ON  COMPOUND  STRAINS 
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G«olf  AH«n  In  AGARD  P«iiormanc«  and  Biodyn  Strata  - 
Influanca  of  Iniaracttng  Straaaoa  on  Parfofmanca  Nov  1972 
8 p raft  (For  availat>ilitY  too  N73  19143  10-05) 

Jargon  on  the  oubfect  >t  bnofiy  ditcuated.  and  it  it  loaoonod 
that  the  term  compound  ttramt  may  fraduantiy  be  mora 
appropriate  than  combined  etrettet  Two  compound  atrain 
pfoblema  of  immediate  and  wideapread  importance,  on  which 
there  a an  urc*^t  need  to  mcrecse  the  pretent  tcanty  information 
are  cited  The  firat  <a  the  effecta  of  other  mental  and  phyaical 
atreaaea  on  the  tigr^i  to  noite  ranot  required  for  co>nmumca 
tion:  the  a#cor>d.  the  biodynamica  of  vibratory  motion  sickr>eaa 
perticularly  the  mtaraction  with  other  loads  such  as  vision,  heat 
ar>d  odora  Author 

N73‘1914$  Royal  Aircraft  Establishment.  FamborouQh  (England) 
Human  Engineering  Oiv 

A FUGHT  TEST  PROGRAMME  TO  STUDY  THE  EFFECTS 
OF  ENVIRONMENTAL  STRESSES  ON  AIRCREW  OPER 
ATINO  MIllTARy  STRIKE  AIRCRAFT 

M G Trumper  /n  AGARO  Performance  and  6>odyn  Stress  - 
Influence  of  Interacting  Stresses  ori  Performance  Nov  1972 
S p refa  (Foi  availability  see  N73  19143  10  0S) 

A fhgni  test  program  is  designed  to  obtain  obiectiva 
measurements  of  noise,  vibration  and  temperature  throughout 
typica!  profiles  flown  by  miirtary  strike  aucrah  ar>d.  as  far  as  is 
possible  co'^rgiaie  the  measurements  with  aircrew  /eaction 
and  pHrfnfmance  As  a secondary  obiect  the  program  will 
invest-(jate  me  usefulness  of  a water  cooed  su<t  installation  as 
a means  of  rehaving  aircrew  iheunal  stress  m stnke  aircraft 

Author 

N73  19144  Aerospace  Medical  Research  I dfiS  P ilterson 

AF6  Ohio 

TWO  EXPERIMENTS  ON  TKE  EFFECTS  OF  '"OMBtNEO 
HEAT,  NOISE  AND  VIBRATION  STRESS 
Walter  F Grether  In  AGARD  Performance  and  Biodyn 
btrtss  • ini'uence  of  interacting  Stresses  -jm  rucluimsiu.^  No* 
1972  8 y refs  'for  availability  see  N73  19)43  10  06) 

:amrl  TR  7 1 1 ’ 3- 

Cpera*'onal  fiy-ng  often  e*poses  crow  members  to  combma 
t.ohf.  of  e'‘viforsme-itai  stresses  To  obtam  a bener  understanding 
qI  Such  tu‘ntiii''ed  stress  e^iects  a ‘Ojior  enperimeni  was  ronducted 
usmp  final  noise  and  »ibratio<v  both  smgiy  and  m combmat  on 
Measurements  were  made  of  tra'"king  ability  cbo'ce  reaciicn 
lime  voice  i runriiuiMcation  mental  .intbmoti»  yiSjal  acuity  body 
ten:;«»rature  f'e-in  rate  weiqM  loss  d*  •(  5uf)iocf‘ve  ^aimgs  of 
the  stn-'is  >'  ''  '■■■■(*  ■'*  nuu'Siiri  ',  rl  .1  thp  comb-.e<J  tuple 

jf.. '.7-!  ;,«•>  ..  vhei*ts  th  »n  (1  .1  th»*  most  severe 

s-'' .>  ‘I  ■*  }-*  / .neasijfes  only  heat  stress 

t 'C^lucod  cf'ocis  ar-r"  .••■e  iddiuon  ol  noise  and  vibration 

p ' •.  ) On  the  perforrnjnce  measures 

j- ''.■jl'lily  l^r  Irarkir,]  test  impa-rmcnt  was  siiqhtly  loss  fo< 

• • p 'riri'T  stre**'.  C;in'1'»ion  tbDf'  for  vib'.*l'nn  only  TfiuS  there 
were  no  <dd»tive  mieracun-i • amj  in  fact  some  evidence  o* 
ont . .•5<'»-‘i-,lic  intPf.ict.Oi'*.  Author 

N73  19147  Ae  rospare  Me'^'cai  Resf^arch  L“hr.  Wnght  Patterson 
A ho  Ohio 

CCMfllNfcO  Ef-f-ECTS  OF  NOISE  AND  VIBRATION  ON 
COGNITIVE  AND  PSVCHOMOTOH  PERFORMANCE 
Mer.',  V Sor-i.nf-f  ind  C Stanley  Ma'.'".  in  AGARO  Perfofmar.ee 
ai  1 RifKiffi  ''^'r#>fs  I ifiijp 'ico  o<  ir.Ti-rarting  Stresses  on 
l^wf^.|  T. j * • <-  Nov  l?7.^  10  n re's  ,For  jv3ilability  see 

N7  I V)’  -i.l  ,!.»  0^, 

(AMR-  IH  / 1 1 1 

siud'i's  on  the  rcnir>n  , ■!  « Hpc.t*  jf  rioisf  and  vibration 
«>ri  ,»syc ho'nnior  and  cognitive-  pernor ■n-jiicc  •;«  reported  Tracking 
jno  itrJttiun  lime  tasks  were  used  <»s  .Tiea'..;res  of  pSyChomp’O' 
.edurmar- fc  arul  a ihC'.t  lenr  rr.eiu'.'v  ..lOlr.H  tion  IdSk  waS  used 
iff  . ••j.o't  -I  ; 1-  .'I  I.  !•  « Thu  I'.'St  SlurJy  usmg 

I...LX.  ^ ,n-,o  e*.  ir  iri-t-.e  eH»;ct  ol  no'se  ard 

ViLm«Ii-.h»  • I ut;'*0-ina  « c -uWe**  ' H'S  V-J-  '.r;1  ui-'f, firmed  ■'  5 
-^eCOfiO  storJj  iwo  ■ jrJ'i  u'lai  '•wI  w.jfi  ti'.e  COviOi!. #6 

\o-.  rjicoie.j  tfi-  . Oelnnier  U:  jn  ih'.  task  occurred  only 

wfien  :Oi>e  art;i  *.tjrat  on  v.t  combined  further  the  r"fect 
see.TiecI  tc  he  rr-'dleu  *o  frc'j  ji’  Ci'  •'  v bf  ii-rr-  om-,  6 rt; 


0 25  gi  vibration  combined  with  noise  produced  an  adverse  effect 
on  the  task  The  final  investigation  was  concerned  with  the  effect 
combined  noise  and  vibration  stress  had  on  cognitive  per- 
formance as  a function  of  tune  of  day  The  results  indicate  that 
lime  of  day  dc^s  not  appear  to  be  a particularly  strortg  variable 

Author 


Institute  ot  Aviation  Medicine.  Fhegehorst  (West 

Germany) 

SOME  CRITICAL  COMMENTS  ON  THE  MEASUREMENT 
OF  IN  FLIGHT  STRAINS 

W Hoffalt  arid  K Gerbert  In  AGARO  Performance  and  Biodyn 
Streea  • Influence  of  Interacting  Stresses  on  Performance  Nov 
1972  4 p refs  (For  availabilily  see  N73  19143  10-05) 

VJays  arid  means  for  aviation  physicians  and  aviation 
psychologists  to  clarify  the  question  of  the  overall  stress  imposed 
on  flying  personnel  are  discuased  Methodical  diHicjttias  are 
presented  which  result  especiallv  m the  measurement  of 
psychophysiological  reactions  to  flymg  stress  Research  psy 
chotogicaf  questionnaires  and  evaluation  techniques  are  the  only 
means  which  offer  partial  assessment  possibilities  concerning 
the  problem  of  flying  stress  Author 


N73-19149  Royal  Ah  Force  Inst  of  Avialiori  Medtcme 
Fernborough  (England) 

EMOTIONAL  AND  CARDIOVASCULAR  STRESSES  OF 
CENTRIFUGATION  EFFECT  Of  BETA  RECEPTOR 
BLOCKADE  ON  HEART  RATE  Rc*;PONSE 

D H Cidistei  M F Allnull.  M H Ha.nson  and  P Fennessy 
In  AGAHO  Performance  and  B'Odyn  Stress  influence  of 
inieracbng  Stresses  on  Performance  Nov  i9/2  13  p refs 

(For  avatlabil'ty  see  N73  19143  IC  05) 

Twenty  four  subjects  were  used  m a doub'e  blind  tnal  to 
investigate  ihe  effect  of  beta  adrenergic  blockade  on  the  head 
rate  response  to  a"ce(eral'on  Oiprenoloi  0 ? mg  kg  body  weight 
or  saline  pia-.ebo  was  ir^jected  m paired  mais  and  subjects 
then  performed  a track. ng  task  and  submitted  to  three  centrifuge 
runs  Head  rate  and  blood  pressure  were  rr.onuored  continuously 
OKprer^oioi  reduced  renting  head  rate,  and  abolished  a steady 
increase  m base  ime  hear;  ,ate  seen  m placebo  experiments, 
and  attributed  to  activation  of  the  adrenal  medulla  Tachycardia 
•n  response  to  * 2G  sub  ; acce'eraiion  wat.  prevented  hv  beta 
blockade  except  in  a group  of  sn  subjects  expertenemg  thpi. 
firsl  ever  centfiluqe  nde  Heart  -ates  at  ■ 3G  suh  ; were  lowered 
by  oiiprenoioi  Ihe  persislent  lachycardia  bemg  ait.'«huted  to  o 
barorecepior  leMe*  niediaied  through  3 reOuci'ori  m v<jgai  tc.ie 
Puls©  pressure  was  reduced  l>y  uxpreiioloi  especially  during  . j(') 
sub  1 acceleration  an  effoct  .jilnbuled  to  a ledui  hO'  m uoidiHi. 
output  secondv'ry  to  a fall  m huart  rate  G'eyuui  u.ie-an.i  wj-. 
unaffected  by  r»vt8  blockade  but  a smal.  and  une  *p.d  .m-ri 

deC'®mprtl  •••  t.  i for  r-n  Anr  vs-xx  A.ilhr.r 


N73  19160  ijchooi  of  Aerospace  Medicine-  Brooks  AF8  lo* 

ESTIMATES  OF  PHYSIOLOGIC  RESERVE  AFTER  AC 
CELERATtON  EXPOSURE  IN  MAN 

Frank  R Lecocn  Richa'd  L Lipmon  and  S'dnrjy  0 leveret!  Jr 
In  AGARO  PerformPrKe  and  B-od,.-n  Tt'es'.,  Influence  ut 
Interacting  Stresses  on  P*»'*nr manco  Nor  1972  6 p rcls 

'For  availability  stc  N73  l^‘43  lO  05i 

A me*abolic  siiessor  was  e.mploypd  to  provoke  gluro 
regulatory  hormone  response  immediately  d?ie'  eiposu-e  of 
subjects  to  acceleration  stress  2 deo»y  0-g.ucuse  a glucose 
analog  which  produces  severe  'ntrareMular  hypoglvcemia  was 
infused  in  eight  normal  m.il©  voh.-iteors  J.i-mg  a cuntfol  periud 
immediately  af-  *r  an  imt  ,ii  (rKpenerice  *vim  a'.cele^aiion  mr;  after 
their  fourt-'i  e«(ins  to  acf.ole.-.iho.'^  '-oo  >i'u.nse  Im;p  riiiv 
arids  insulin  ;|rc,vtrt  ho  monc  anJ  ■'.O.tiSOl  and  u-mafr  C|.  neptirnic 
and  norepinr-ofirifie  wi  re  measurr^  l belo.-c  ar-;j  afiei  each  mfu'-on 
of  * u«o«v  wl.j. 

readily  discernible  '■.hangps  m qJijro  rpcjulalory  espons-  tp  jhe 
m«iat>».c  itr»%v»>r  were  demct»‘d  ahe'  erposu'^  to  a<  ceieiaii'.n 

Author 
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N73-19161  School  of  Aerospace  MeOicne  Brooiis  AF6.  Te« 

findings  on  the  cost  of  flying  TRANSPOfIT 
MISSIONS 

Bryce  O Henman  and  Henry  6 Hale  In  AGARO  Perforrnance 
and  Biodyn  Stress  Influence  of  Interacting  Stresses  on 
PeHornance  Nov  1972  7 p refs  (For  availability  see 

N73  19143  10-051 

Physiologic  and  psychologic  data  from  airlift  missions  flying 
<n  an  operational  configuratior^  included  inflight  meaturernen’s 
during  experimental  double  crei^  missions  and  basic  creier  missions 
with  staging  for  crew  rest,  as  well  as  following  approximately 
125  baste  missions  usmg  a special  workload  log  Ps/choirgtc 
analyses  have  evaluated  subjective  fatigue,  ^leap  and  waw 
workload  and  the  relationship  between  these  and  endocrine 
metibotic  activity  assayed  v<a  unne  The  cost  of  flying  a transport 
mission  in  the  face  of  multiple  stresses  characteristic  of  the 
operationel  environment  is  considered  Author 

N73-19152  Centre  d Essait  en  Vol.  Breiigny  sur  Orge  (Francel 
PHYSIOLOGICAL  MODIFICATIONS  DURING  OPERA 
TIONAL  FLIGHTS  OF  LONG  DURATION  (MODIFICATIONS 
PHYSIOLOGIQUES  AU  COURS  OE  VOLS  OPERATIONNElS 
OE  LONGUE  DUREEI 

R AuHret  In  AGARO  Performance  and  3iOdyn  Stress  Influence 
of  Interacting  Stresses  on  Performance  Nc  v 1972  12  p 

refs  In  FRENCH  (For  avaiiaoiliiy  see  N73  10M3  10  051 

Physiological  changes  occurring  m pilots  and  navigators  during 
long  duration  flights  are  examined  as  a function  of  energy  fatigue 
Data  cover  cardiac  frequency  elimination  of  hydroxcorticosieroides 
in  urine  elirr.mation  of  mucoprot^.n  end  glycemij  levels  over  a 
24  hour  period  Transl  by  E H W 

N73-191S3  Naval  Aerospace  Medical  Research  Lab  Pensacola 
Fla  Human  Factors  Engineering  Research  Oiv 
EFFECTS  OF  PART  WHOLE  TRAINING  PROCEDURES 
UPON  THF  ACOUISITION  OF  COMPLEX  SKILLS  TO  BE 
PERFORMED  UNDER  STRESS 

Richard  S Gibson  In  AGARO  Performance  and  BiOdyn 
Stress  • Influence  of  Inierar'ting  Stresses  on  Performance  Nov 
19/2  4 p refs  (For  availability  see  N73  I9143  10-051 

Aviation  training  generally  follows  a sequential  part  task 
approach  The  question  of  how  many  tasks  should  be  presented 
at  one  time  is  considered  Seventy  two  naval  officer  candidates 
participated  m the  experiment  Each  subject  experienced  one  of 
three  training  conditions  prior  to  being  exposed  to  the  fmal  test 
condition  The  results  provide  msight  into  the  use  of  pert  whole 
training  procedures  for  the  acquisition  of  complex  perceptual 
psychomotor  skills  Aulho- 

N73-191B4  Aerospace  Medical  Research  Labs  Wnght  Patterson 
AFB  Ohio 

PERFORMANCE  MEASUREMENT  USING  PILOT  CON 
TROLLED  Gz  MANEUVERING  WITH  SIMULATED  OPERA 
TIONAL  TASK 

D 8 Rogers  F M Holden  C R Repiogie.  G Pofor  C N 
Day.  R E vanPaiten  K A Smiles  and  G C Mohr  in  AGARO 
Performance  and  Btodyn  Stress  Influence  of  Interacting  Stresses 
on  Performance  Nov  1972  5 p refj  iFor  availability  see 

N73  19143  lO  OBi 
(AMflL  TR  72  3l 

A lechmque  for  human  performance  measurement  usmg  a 
closed  loop  centrifuge  ha^  fwien  validated  The  simulation  utilized 
the  pilch  and  roll  dynamics  of  a h-gh  pe-formance  aircraft  The 
measurement  criteria  were  hits  on  target  usmg  a display  generated 
needs  up  gunsighi  on  a rnaneuvering  target  aircraft  An  importarsi 
consideration  was  relationship  tietween  mari  as  a passive  rider 
versus  man  as  an  acuve  participant  m the  generahun  of  the  G/ 
stress  Two  important  demonstrations  resulting  from  tl.iS  Study 
are  111  there  is  a significant  difference  irt  ttie  alniiiy  cf  subjeci 
pilots  to  perform  in  clOSed  versijs  open  loojj  configuration  and 
(2)  It  >s  feasible  to  provide  a miss<or-  reiateri  human  per 
forrnance  metric  m a selective  simu'otion  ir«  wiiich  liie  • 0/ 
forces  are  dynarnicallv  realistic  A prerlictive  hearts  up  gunsight 
display  IS  utiii/erl  with  target  t'a)»ctones  represrritativo  of  aenai 
combat  maneuvers  Author 


N73*19166  l.iaiilute  of  Aviation  Medicine.  Fuerstenfeldbruck 
(West  Ge'manyr 

PHYSrOLOGlCAL  STUDIES  OF  FATIGUE  IN  ACTIVITIES 
REQUIRING  MENTAL  CONCENTRATION  IN  HOT  CLIMATE. 
THE  INFLUENCE  OF  POSITIONING  AND  SENSORIAL 
IRRITATION 

J Meyer-Delms  In  AGARO  PeHormance  and  Sioctyn  Stress  • 
Influence  of  Interacting  Stresses  on  Performance  Nov  1972 
8 p refs  iFor  availability  see  N73- 19143  lO  OS) 

AcDvines  of  vigite'^ce  without  additional  influence  of  psychical 
stress  or  energetic  upset  are  ‘femoustraied  m hot  and  temperate 
climate  with  noradrenergeiic  reaction  Martial  effort  with  slightly 
irvereased  energetic  metabolism  luqinred  20%  more  time  m hot 
climate  to  complete  tasks  than  was  required  by  persons 
working  under  temperate  conditions  In  this  case  the  pulse  rate 
was  rising  conimuouHY  Under  ide.ttical  conditions  of  climate 
end  mental  work,  but  with  noise.  the  pulse  rate  wa*  significantly 
higher  than  without  sensory  irritation  Excitation  of  the  sanKinal 
senses  leads  to  an  additional  increase  m the  peripheral  vascular 
constriction  Opposed  to  thermoregulation  n can  cause  dureguia 
tK>n  and  thus  fatigue  Author 

N73-19166  School  of  Aerospace  M^dione.  Brooks  ArB.  Tex 
Biodynamics  Branch 

THE  USE  OF  PHYSIOLOGICAL  PROTFCTt^E  MANEUVERS 
IN  HIGH  ACCELERATION  ENVIRONMC  mTS 
S J Shubrooks.  Jr  and  S D Leverett  Jr  /n  a>jARO  Performance 
and  Biodyn  Stress  influence  of  lr''**'^cting  Stresses  on 
Performance  Nov  1972  9 p refs  (Fur  availability  sae 

N73  19143  I0  05> 

The  physiological  effect*,  of  voluntary  maneuvers  used  for 
protection  against  • G sub  i acceleration  were  studied  on  the 
human  cenmljge  Dunng  both  15  sec  ar>d  45  sec  rapid  ousel 
• G tub  X exposures  the  increases  m loie'.^nce  achieved  with 
the  Valsalva  sirainmy  marieuver  MorceJuiiy  exhaling  against  the 
completely  closed  glottis)  were  found  to  be  equivalent  to  those 
achiftvnrl  with  fhp  M l m;m»»iivpr  i(r>rr»*fi|llv  nwh^hno  xrjxiost 
tho  pditidlly  clO.>eJ  glptlivl.  cittier  b.iie'J  witfi  use  ol  en 
anil  0 SUM  or  without  the  su'l  durmn  yeneidliZBcJ  n.uscular  tensing 
Directly  medsuMMJ  hujd  level  diional  j.icssuie  responses  correieted 
with  these  I rulings  Th©  use  of  positive  jiressure  l>re/ithing.  at 
levels  of  25  40  mm  Hg  was  also  fouf'd  to  result  .n  increases 
m tol©rar»ce  both  v.iih  and  w»thoul  use  of  the  anti  G suit,  at 
least  equal  to  tho  - r^biamed  wMh  itie  M 1 maneuver  wMh  leas 
accompariyiog  di5»*..>Milort  and  iut‘'.uc  Author 


N74  10797a  Advisory  ^>oup  fo'  Aerospace  Research  and 
Development  Paris  (Francet 

BEHAVIOURAL  AC*>ECTS  OF  AIRCRAFT  ACCIDENTS 
K 0 0 Corkmdale  erf  <ln»t  of  Aviation  Med)  Dec  1971 

72  p raf»  Papers  presented  at  AGARD  Aerospace  Med  Panei 
Specialists  Meeting  Soesterberg.  Netherlands  7 Sep  1973 
(AGAnD  CP  i32i  Awaii  **TlG  l!C(6  75 

A conference  was  conducted  to  discuss  the  influence  of 
human  factors  On  aucrafl  accidents  The  subjects  discussed  were 
( 1 1 human  factors  approach  to  aircraft  accident  ar^aiysis  (21  human 
factor  m cyclic  aucrafl  accident  patterns.  (3)  the  application  of 
aircrew  opinions  on  cockpit  (asks  and  equipment  to  flight  safely 
research  and  (4j  tne  psychologists  s role  u'  aucrafl  accident 
lovestigaiior.  The  prunary  purpose  of  the  confeterica  was  to 
deterrmne  M resear'h  jirojects  m human  factors  enymeerioy  could 
result  in  a reduction  m the  pilot  error  ecciOeni  rate  For  individual 
titles  see  N74  1879B  through  N74  18604 

N74-1B796  h,stitule  of  Aviation  Medicine.  Fuerstenfeldbruck 
(West  German;, 

PILOT  FACTOR  IN  AIRCRAFT  ACCIDENTS  OF  THE 
GERMAN  FEDERAL  ARMED  FORCES 

6 fakkenherg  in  aGARD  Befisvioursi  Aspects  of  Aucrefl 
Accidei  IS  Dec  1 973  7 ji  refs  (For  availafniity  see  N74  16797 
10  05i 

Ah  S'*3’y;'t  y.'**'  m rh»  nmxi  fre'lniiril  lvjt«x  of 

pilot  errof  was  rnsde  of  154  ai  c'alt  accidents  wfneh  occurred 
•n  ttic  years  betweeri  196/  19/Q  Of  sper.iai  mieresi  wr-e 

diffarer-ices  tiotwee**  jnlots  'd  jot  projieHer  aucrafl  sr\fj  h#in,.  ,, 


05  BIOTECHNOLOGY 


107 


!«•>  Thf  flying  «xp«rienc4  ol  (he  pilot  hi$  age  arid  other  eo 
cvHed  lime  variable  factors  were  else  taken  into  consideration 
In  general  errors  piedominanily  occurred  during  low  level  flight 
and  during  ihe  landing  phase  immediatelY  before  touch  down 
In  tat  aircraft  accidents  the  meiority  of  errors  corr.mittad  by  the 
pi'ot  IS  due  10  ar^  extreme  woratoad  in  handling  his  aircraft  In 
pilots  of  the  other  categories  particularly  on  propeller  driven 
aircraft  those  types  ol  errors  are  more  pronounced  which  iTfay 
be  aiiribuied  lo  the  pilot  s flying  aiiitude  (ir^  extreme  cases  resulting 
in  violetior's)  The  findings  of  other  authors  relating  to  flying 
eipertarsce  could  be  confirmed  As  for  the  age  distribution  of 
pilots  there  were  remarkable  diHerences  in  comparison  with  the 
data  in  other  publications  Auino< 

hf 74  18799  Naval  Aerospace  Medical  Research  Lab  Pensacola 
Pia 

HUMAN  factors  approach  TO  AIRCRAFT  ACCIOCNT 
ANALYSIS 

Richard  H Shannon  and  Wdyne  L WasQ  AGARO  Bahawiou'il 
Aspects  of  Aircraft  Accidents  Dec  1S73  10  p refs  <Fo' 

availability  see  N74  16797  tOOSi 

Ndva'  accident  repeats  involving  the  P 3 and  f 4 aircraft 
were  exammed  over  seven  and  five  year  (-erioc^  respectively 
The  critical  incident  technique  was  used  to  catalogue  describe 
and  analyse  operational  fight  c'Ow  errors  in  both  aircraft  An 
in  Llepih  study  was  performed  m order  to  identify  those  problems 
wh.ch  we*e  common  as  well  as  specific  to  both  ai'crah  Th« 
^ 3 and  F 4 axcrah  were  selected  because  of  thei'  completely 
different  fleet  missions  and  handling  characferiSlics  Human  enor% 
we.-e  caiegonted  according  to  three  types  ()>  vigiiar\ce  errors 
'2'  procedural  errors  and  (3i  perceptual  motor  errors  Phases 
of  flight  operation  wee  divided  into  fou'  segments  «1' servicing 
P'Shight  tXrStflighi  I2i  start  lati  Sfiutdowri  !3l  takeoff  landing 
ar'd  14)  I'lfliu"!  Four  remedial  areas  we«e  outlined  for  reducing 
hun.an  error  'll  Crew  coordination  t2i  design  (3)  discipline 
xr.ri  (4i  traiHiou  Front  the  F 4 accident  reports  437  hurrien 
Mirii  S we  o isolated  Ahil*:  the  P 3 reports  r-nntained  34S  e»»or| 
(•sHMiy  eight  rnaior  error  categories  err^erged  f>om  the  analysis 
:ri6se  errors  The  accident  'e(>o>ts  were  furiiier  ar^aly/erl  fo< 
Ihe  errors  which  both  ar'C'lff  harl  in  common  Twenty  commo  . 

groups  were  found  to  «'>c‘.u'  in  the  P 3 end  the  f 4 
lei.'i-serit.ng  2?^%and  166  of  die  fola'  errors  respectively 
fii*;  flight  segment  of  take<>  ' landing  arid  the  eno'  type  of 
pfc/redures  sfiared  the  rnost  cr^rrin.orialiiy  across  thf 
a"»-  aft  Atid-fi* 

N74  16600  Defence  «jn<f  Cmi  lr>sl  uf  tr- /.irjnf.-igrual  Mrd**  r.»f 
Otiv.Msvie.*/  (Ontarioi 

IMF  HUMAN  FACTOR  IN  CYCLIC  AIRCRAFT  ACClOtNT 
PAMCRNi 

Pe*'?'  J Dean  In  AOAHl)  Behavioural  Asp#*<.is  o*  Aircraft 
Am.1  lenis  Dec  19/3  B p refs  <fo»  ava'iai/iidy  seu  N74 
iu 

An  analysis  of  die  fiunu-i  factors  in  aircraft  ac'r'Jr'nls  was 
■.0'"liicled  lo  isr>l..'e  tyOti.  human  factors  wh.ct«  cavise  ‘lie 
aci-'ienis  Tfie  opeiationat  record  of  tfie  Cf  104  am 'aft  wav 
used  for  the  analysis  li  was  dete'minarl  tfiat  d>e  acerdents  tend 
iiccur  rno'e  frequently  »n  January  Apnl  July  and  Ortofie' 
Ilia''  m the  other  months  Tli®  sultier.is  rliscussei)  a'e  *1i  d»i; 
■ atii'e  of  the  cyclic  pherio>rier>e  and  iiow  Ifiey  inllueni  e Mta>> 
/)  iirfv'Ouv  sturlies  of  cyclic  patterns  ai'c/afi  e<'.>tlenis  a'>d 

-3l  specific  cyclic  far. tors  ralete'l  tr.»  aircraft  accirjenls  aiirl 

•acommenrJations  for  i»fevenli'ig  an'.'efi  Sc ■ nJerit*.  Auiiun 

N74  18801  Bunker  Manu^  Cru(i  Wesdakri  Viilatj«  Laid 
fVAlUATlON  OF  THE  ROLE  OF  THE  SIMULATOR  IN 
TRAINING  AIR80RNE  A8W  OPERATIONS 

Ja'r'Qs  t H(iL»»ns  Dondtiy  I fmiey  fi'urr'av  0 ftya*  * 

A(jAR0  Reheviuuial  Aspar.is  r>f  Airciah  A-.cident  ftpc  tO/j 
b ti  Sprinsure*}  try  Nava*  Treiimig  (rpHpi-i'ni  f^'<ier  tf>u 
availability  tee  N/4  I6;9/  lO  o'*i 

The  cffc.::.,R..c'.;  of  d;c  'J  L 'iC  '-. : s //•s;-'  • 

tfiinff  for  Ihe  P3A  and  P30  airi.  was  m. esi.y«ia<l  Ifie  devi  »? 
:>irjvidee  far  lir.s  i.inv^x  wilfi  team  iiairmig  m ttie  tJeini  imn  ;>a'  Hiiy 
arid  (lest r\i'. lion  of  murJetf  rliviny  v/tjni a > mr « r,j«r*f.,i 

seta*  fion  vanehO'i  an'l  r rjiilfol  dt  |irril)lein  ( *.  sh  ajl')  anaUe 


instructors  to  train  the  tactics  teams  to  analyze  and  respond  to 
situations  tikaly  (o  occur  during  actual  ASW  missions  Study 
r«:;uits  indicate  that  learrsing  tikes  place  m the  sir.iuiator  and 
that  there  is  pos>l<'-e  transfer  to  the  operational  environment 
There  is  room  for  improvement  and  modification  of  the  traioirig 
Curriculunrt  Author 

N74-18802  Royai  An  Fi  'ce  ir'isi  of  Aviation  Medicine 
Farnborough  tEngiand) 

THE  APPLICATION  OF  AIRCREW  OPINIONS  ON  COCKPIT 
TASKS  AND  EQUIPMENT  TO  FLICHT  SAFETY  RE 
SEARCH 

J M Rode  and  J W Chappelow  fn  AGARO  6ehaviou'a> 
Aspects  of  Aircraft  Accidents  Dec  1973  Sp  ref  iFor  avariabihiy 
see  N74  i8/9?  10  0b\ 

A study  was  conducted  to  determine  the  inspect  of  flight 
crew  opinions  on  flight  tasks  and  anc'ah  equipment  O'-  Sin  'dfl 
accirJenis  wfiicti  oo'd  tie  related  tr>  persorine!  e'fOf  Tt't  a'^as 
ol  investiyaliOn  we'6  '1i  |hf  load  inTpoved  on  the  fligt*t  c'ew 
• n |f-e  pe'lormancrr  of  Ihl  • du snd  • 2 ■ I *'6  COmpatibilitv  fiei  wer*ri 
i^ie  aircraft  ^quitiment  and  Hil’  ‘i  j'i-an  iinuianons  and  aU  t'i'es 

Tat)ies  of  daia  are  (irovided  m sti'>s^  itic  'esuits  rif  a r)ijr^vti<i'> 
na«r*-  Subr*  itted  to  fligtit  r/ew  (jers'7"'“-*  Aclhu' 

N74  18803  Rr.ydi  An  fo'i.r-  I'.-.t  1. 1 Avialn/'-  Me<l>  -i.c- 
Farr»t»o»ougt*  itrujiand* 

THE  P;«YCHOLOGlST  S ROLE  IN  AIRCRAFT  ACCIDENT 
INVESTIGATION 

M f A^nut  In  Ar,AH0  Br.J‘avi(r«iia)  Ast“.‘.tv  pi  All-  »afi  Ai  i .-lerils 
De.  1973  b p ‘for  ,,va. taint. tr  set  N/4  18797  1 'j  Ob' 

Ihf  ( ci'ilnlr.it.'^nv  !'»  he  niadr?  »>y  i-syr  hol'i'jivtv  ni  tt»e  »e»f.i'  l.'in 
r-.umai*  ern>r  .m'  '^'1  a' r i'J»*nl',  iliy.  u ,sr»d  bj.PC'fi'.  a't'JV 

pf  ' pr,(>erafiOn  .i*e  .iJc'-tifiC')  dv  i1  a'»dl/VfS  <>♦  »*i;n  a»'  ^I'l.' 
a'.*-*'l«n>  rl.jla  !.'•  'CscM'  I.  on  li'ji'.ai-  l.i  Irjt  aspti  Is  'jl  I'lgr  t 
softly  Ah'J  3-  aVs'Vl  in  'Jcie'n.-n.ny  lt*C  i .V'Vis  o*  v(ii:t.iti  di"  »a'' 

ac- idenls  Tfte  d'tva'>ta'i*.’S  nf  uv>ng  |iSr<  tn  logiStV  <I>  Ihi-  ,iiri.',tll 
.itvevligAhnn  a'e  letin'ltij  AwiI--. 

N74  1B604  Arii.y  Agtri..y  fo'  Avijt.  il.  Sale:,  f-;i'  )t-j- **" 
Ala 

INCIDFNCE  COST  AND  FACTOR  ANALYSIS  OF  PILOT 
ERROR  ACCIDENTS  IN  US  ARMY  AVIATION 
Da'Wi'.  Hi'.Kctsr/n  S-’i't  A J'jhi  ..ju  l,r'y  6 .i  -'5 

p Di.'.n  • AGAlU)  fl*'h  IV.'I'I'.P  Astn*' ol  A.'  ' ih 
)j/i  iq,,  M.ts  -f  ..  M.*»-  N/1  Itt/'J/ 

H)  Vtb' 

from  t9b9  it'uiiqf.  19  ' pilrif  loro'  wav  a '.r>ns.sienii,  le'pi* 
a*.*)  costly  4 a, .VP  of  a-  • l''•^|l1s  Pa>l  anai^ti'  prevenl.ori  elln-'t  • 
riave  "Ol  app'iia' tied  iniut  i-uu-  e . -Jonts  .i.  ttit  ci.nie*i  of 
rnaft-U**'  among  tilt  ImM'  rua'  hir.e  © rt  v i' rj  t > mt' .• 

ei«*n. fi.lv  Su’.*'  »n  at»(»'ria‘ fi  was  [.ropoved  and  veefs  to  ifjtni.l, 
lilt?  ..j/fiwiMjii  fidii  a*.  «Mi»j  ev«,-i<tv  Hi  |»iUii  t?.'ur  a<  * .'le/ils  A pi'tiai 

f ©ml  ©ii,il>*'.f 

'•i.y'irti.  •(.fpr,|.^|,iji.  ti-  ilv  lum.  A f.ii  tpi  JojlyViS  |»tudU‘.«‘J 

niMr-  JiMii.-  I rneii<iii.gfi;l  a"')  'l•^|r|.•SHl q a 'i vf  neli<.iiiil*>i  an<l  anirla'-l' 

Iji  iiirv  A curn(i.i»ie<it  V o'f  diaiyMS  y.^nJe')  tr-iu*  aiid  in.si>ai> 
liar  kg'Ouiid  informahon  whu  i.  wA'-  hetj/tg'  m .nleip-i»tiny  i»ie 
fa-  lo's  An  expr’-’inieni al  liun>an  c*'n<.  evtj'.iv  ie)*'"i.i»g  fonti  was 
dewrjioperl  wfiir  I.  tujrj-,  {iron  ivo  fin  r.l|-i.'C*f  M I L' ■ . t if  ■■  A I ■<  j r • o* 
inistisi,  ' a'JSing  e li- n.  .-71 . 1 •.  .ii.-l  . i>  1 1 t pwf  ".oavi-*-. 


re'l'.i'H'l  A.ii'  ■ 

N 74  70;.37'»  A-Sv.%'-,  G‘"  U A.  i-  .•  I'.  < r 1 

iJf.ri'i;.  » 'rt-- 

THE  us:  OF  nystagmdofiammy  in  aviation  midi 

CiNt 


I ••••l  • )•  .-J  -N.W  I-  .1- M--J  Jh- - I I-  in- 

tq/t  1H4  1 ■•■A  f.i'Mr  ..  t I'l  qr  H I rjM  I .11  I-.  1 

.,t  I'.*-  Ar.AHIi  A M.-'l  f ^|.••l  ‘>J,I  .Jl..l-. 

t v,f  -,1.1  t t,i  t 4 ) s Mj  , 1 'I  / 1 

Ar.AHO  r.f  1?H  Avri.i  NUb  H' 

I alt'irar  >' , ai-'1  • 1m. - at  ai''.:"  -itnji.  ti-.  l.i.  i-ii’'.  '/•  1 vsl.rj'..-»g‘a 

|il.y  '••j.'iJifl  Witt.  ».‘.iii.).,v  I-,  -f.'  V si 
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N74  20733  TuUre  Univ  New  Orleens  La  School 
Medicir\e 

CUNICAL  APPLICATION  OF  NYSTAGMOGRAPHY 
Wallace  Rubm  in  AGARD  The  Uie  oi  NYSta^mogfaphv 
Aviation  Med  Dec  1973  3 P tror  availahiiny  N74  20732 
12  06) 

liiera  a^a  two  apecific  rim>cii  advantages  of  eiectronysiag 
mofl^aphy  iLNG)  lU  U p«  Mit  e to  detect  spontaneou*  and 
pofitionai  nyttagniua  that  would  no*  be  seen  without  its  use 
and  (2)  *t  IS  possible  to  d'ffe*antiate  ‘>enpherai  central 

pathology  and  nght  aided  f*om  leh  sided  peripheral  lesions  when 
there  It  a sponianeoir*  nyttagmus  Author 

N74-20734  Minnesota  Ur'iv  Minneapolis  School  of  Med> 
cir>e 

PRACTICAL  PROALCM8  IN  CLINICAL  NY8TAOMOORA 
PHY  1 OUIOELINCS  FOR  SELECTION  OF  EQUIPMENT 

Mary  Jayne  Capps  /n  aOARD  The  Use  of  Nystegmography  m 
Aviation  Med  Dec  1973  3 p refs  (For  availability  see 

N74  20732  12  05) 

The  basic  equipment  needed  for  a thorough  evaluation  of 
the  vestibular  system  includes  an  elimination  chair  or  tabia  a 
poiygraphy  suitable  for  recording  nystagmus  a device  for 
producing  caloric  at'mjli  and  an  optokinetic  stimulator  The 
required  and  optional  features  of  each  of  these  devices  have 
been  discussed  The  basic  equipment  will  permit  the  elioieiion 
and  recording  of  the  various  types  of  eye  movements.  >e 
(.alcric  optokinetic  positional  and  spontaneou.  nystagmus  The 
•valuation  ol  these  phenomene  provides  a sufficiently  complete 
picture  of  the  stete  of  the  vestibular  sysiem  Author 

N74-20736  Ohio  Stale  Univ  Coiumhus  Con  of  Medicine 

PRACTICAL  PR06UMS  IN  CUNICAL  NY8TAOMOORA 
PHY  2 SOURCES  OF  ERROR 

Cnartes  W Stockwaii  and  Wiiinm  i Coiims  (FAA  Oi  lahoma 
C^tvl  /n  AGAftO  The  Use  of  Nysiagmograpfiy  m Aviation  Med 
Oac  1973  10  p -efs  iFo'  avaiiabi'dy  see  N74  20732  12  OSt 
The  value  of  clinical  nystagmography  can  be  greatly  diminished 
if  certain  errors  are  not  recogni/ed  and  avoided  Some  errors 
are  mirodcced  by  faulty  'ecordirtg  lecfmiques.  including  inadequa'e 
calibration  inappropriate  chece  of  frequency  filters  ar*d  failure 
to  identify  edificts  Other  errors  e<e  due  to  the  estreme  sensitivity 
of  the  nystagmus  response  to  eaircvestihulsr  influences  Caloric 
testing  errors  include  nade<v<)te  tiirviuius  control  and  failure  to 
account  for  directional  preponderance  These  and  other  eirors  m 
nystegrnography  are  pointed  out  end  discussed  end  corrective 
meesuies  are  suggested  Author 

N74  20738  Royal  Air  Force  insi  ol  Aviation  Medicme 
FarnUorough  (England) 

USE  OF  NYSTAGMOGRAPHY  IN  THE  STUDY  OF  AIRCREW 
WITH  SPATIAL  DISORIENTATION 
A J Benson  AGAnD  Tne  uf  Ny3l*y''>uy'op>*T 
Med  Dec  1973  13  p refs  iFof  availehil'ty  see  N74  20732 

12  05i 

Lateral  nystagmus  evoked  hy  a stopping  stimulus  of 
60  deg  sec  was  recorded  by  electro  oculopraphy  m 133  aircrew 
vvno  had  corne  under  medical  rare  because  of  airsickness  spatial 
disoneniation  or  othe'  sensory  disiu'bences  iri  flight  without 
illusorv  perception  ol  aircraft  orierrtaiion  Measures  of  the  stow 
ptiase  velocity  the  time  constant  of  deray  and  tcrtal  amptitude 
of  the  post  loteiirjriel  nystegmus  d'd  not  differ  between  the  throe 
goups  Measures  of  direclional  prepondararice  were  found  (o 
rifve  differences  m vanence  struiiure  between  :he  groups 
Measures  of  rjirecticnai  pi§pr>ndefanc6  were  found  to  have 
fJiMerences  m various  sifur,iu»e  t>etween  the  grout»s  but  these 
were  not  well  defined  and  her-ce  of  limited  value  m the  ifiection 
or  assessment  of  indivi'fuaf  aircrew  Author 

N74  20737  Centre  Pnncipel  d i Rpertises  Medicales  du  Personnel 
Navigeni  Paris  (Fr;i'ice> 

A PHOPObEO  HAblTUAItON  LABYriNTH  iP RE  SE NTATiON 
or  lEVERAI.  RESULTS  WITH  THE  P N Tl  |A  PROPOS  OE 
I HABITUATION  LABVRINTHIQUE  (PRESENTATION  DE 
OUELQUES  RESULTAT8  CHE2  LA  P N T || 

A P Ble"c  I I alij'iiaiHd  P Pul  mi<  a'"l  P fomall*! 
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/n  AGAftO  The  Use  of  Nystagmography  in  Aviation  Med  Dec 
1973  7 p In  FRENCH  (For  avdilat'iMv  see  N74  20732  12  05* 
Several  methods  wMh  special  emphasis  on  damp  smusoidai 
5timu’~iion  used  ID  Study  labyrinth  are  introduced  Data  are 
aiac  given  on  the  possible  application  of  these  methods  m 
aefonjulica*  and  aerospace  medicine  Habituation  phenorrena 
using  the  personnel  navlgatlOr^  technique  are  given  as  well  as 
information  obiamed  by  observing  the  phenomena  in  the  course 
of  professional  apprenticeship  The  possibility  of  observing  the 
equilibration  functiori  during  piufessionai  life  particularly  during 
the  course  and  abatement  of  the  central  peripheral  vertiginous 
Syndrome  was  discussed  Transi  by  E H W 


N 74  20736  Hopiial  d Instruction  des  Armees.  Versailles 
(France) 

interest  of  NYSTAGMOGRAPHY  IN  FLYING  NAVIGA 
TION  PERSONNEL  (INTERET  OE  LA  N YSTAGMOGRAPHIE 
OANS  LE  PERSONNEL  NAVIGATION  OE  L AVIATION) 

L R Surdes  AGARO  The  Use  of  Nystagmography  irr  Aviation 
Med  Dec  1973  6 p in  FRf  (fCH  (For  avaiiabihiy  see  N74  20732 
13  05) 

The  use  of  eleLtror^ystagrtTography  (0  diagnose  psychohjby 
iinih  hyporefiective  and  baroirumaiism  vestibuia  and  peripherial 
radicufar  and  ceniiai  syndromes  m nevigaiion  personnel  is 
discussed  Test  results  a>e  included  along  with  data  or>  the  po  ssible 
use  of  the  method  as  an  aid  m selecting  navigation  personnel 

T ransi  by  E H W 


N74-20739  Italian  Air  Force  Aerospace  Medical  Center 
Rome 

A CONTRIBUTION  TO  THE  ELECTRONYSTAOMOORAPHIC 
METHOD  concerning  THE  INTERPRETATION  OF 
NYSTAGMUS  C lARACTERISTICS 

C Koch  /n  AG'aRD  The  Use  of  Nystagmography  in  Aviahon 
Med  Dec  1973  5 p refs  (for  availability  see  N74  20732 

12  Of  I 

The  evaluahu'i  uf  'irvtagmic  cLdraUe'islicS  it  stressed  both 
from  a (luanhiaiive  and  qualitative  standpoint  Descriptions  of 
some  of  them  (ampliiuCa  frequency  duration)  are  given  the 
importance  of  which  is  welt  known  as  far  as  vestibular  sam>ology 
arrd  diagnostics  a'e  concerned  A new  formula  is  proposed 
concerning  the  interpretation  of  the  eluct'onystagmog  ephic 
recorriing  This  formula  makes  it  easie'  to  defme  thf>  riystagmus 
in  degrees,  thus  constituting  a bas>s  for  its  classification  Author 


N74  20740  Illinois  Univ  Chicago  Mtiraham  Lincoln  School 
of  MediCioo 

DIFFERENTIAL  OlAONOSir;  OF  THE  CALORIC  NYSTAQ 

MU6 

Nicholas  Toiok  in  AuARD  The  Use  of  Nysiaymography  m 

Aviatruo  Med  O'v-  1973  11  p »efs  (For  availability  see 

N74  2073?  12  05) 

D'ar.no^ii,  consioeretionj  based  ui>on  me  nystagmogram  are 
iimiied  Quantitative  assessment  uf  hori/onial  canal  sensitivity  is 
available  through  ttie  use  uf  culmir^atiori  frequency  or  culmination 
Slow  pl«ase  velocity  Ttupe  rjistuic tivo  qualitative  features  of  the 
caloric  nystagmus  were  evaluated  and  were  fr^und  10  be  suggesrive 
Of  Oulrighlly  pathoyriomonu.  for  reirolabyrinlhme  W reritrel  nervOuS 
System  abnorrnalities  Tliese  are  <1*  vestitjuier  riecruiimeni  a 
rJiSprOfiorliQnale  COlO'iC  rBS()OriSiveneSS  w)'6r>  e weak  stimulus 
elicits  e more  intense  nysta^jim-,  ie8'.lir.Mi  |)ian  a strong  stimulus 
IS  r atretrte  of  c'eaimg  f?i  hyperactive  vestitiular  r -spons  •*neis 
a'lrl  131  rjr.uler  fuaiiOn  revers-ll  fihPnprnenrjn  Ehrmriahljn  of  liratiori 
rJec.reases  the  nystagmus  intensity  mstearf  of  facilitating  the  evoked 
nyslegmus  Author 


N74  2Q741  MrGjII  Umv  Montreal  iQuotic  ) Oepi  of 

Ptiyfiologv 

NVSTAOMOQRAPHY  A Uf'cFUL  TOOL  IN  BASIC  AND 
APPLIED  INVESTIGATIONS 

0 Melvill  Jones  AOARD  Ttie  Use  of  Nvilegmogiaiitiy 

Mc'*  Dc  107J  ’3  o 'c*'.  'r^-*  2'/j'3L“''tv  s** 

N74  2073?  1/  05i 

Relative^  gross  eye  moveriicnis  ah-  < ln■,(ll»l'r'^  >n  pnMi'  'jia* 

1 1 I quM.k  S-V.cadi'  ga/e  sfnM'>  hoo>  <;IU-  fi»,jlii>n  J.-Jint  Mj  anr.;|lie' 
(2l  t)ie  relatively  v rjw  S>nrir>th  (lUisuit  rnuvemPMlS  A'.sr>i.ialer| 
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With  foHowi'ig  £ fti0tK}n  point  which  it  moving  relative  lo  the 
haad  In  many  circum^tjoctrs  thaie  two  typei  of  movamant  a^a 
iniagiatad  to  p^oOuca  a corn^mad  patiam  of  aya  movaniani 
tuitabfa  for  intarmitiant  fixation  on  a %i«nal  liaid  which  it  moving 
ralativaiy  to  tha  head  Methods  of  recording  •-v'tagrnu)  and  its 
data  ladoction  are  discus&ad  toga. ha*  with  thair  a^rhcability 
and  haiafds  in  relation  to  mtandad  obiactivat  The  axpenmania! 
use  of  nystagmography  IS  treated  >n  terms  of  quick  and  siow 
phase  aye  movbmanti  and  of  head  movarriants  Author 

N74  20742  T'^^onio  Univ  (Ontario)  Oapt  of  Otot«r/ngology 
OPTOKINiTiC  NYSTAGMUS  ITS  VALUC  IN  THC  01 
AONOSI8  or  CCATAIN  VCSTiBUtAA  LESIONS 
V MoriSMtta  S M Abel,  and  H O Barber  in  AGAHD  Tha 
Use  of  Nysiagmogiaphy  in  Avtaiion  Mad  Oac  1973  6 p 

raft  (For  availability  sea  N7e  20732  12  05) 

Optokinetic  nyategmus  (OKN)  was  studied  to  explore  «ts  value 
•n  the  locaiiiation  of  vestibular  lesions  The  stimulus  consisted 
of  a field  of  equidistant  parallel  black  tars  either  horizoniei  o> 
vertical  - moving  across  a white  ground  Tha  dale  showed  that 
for  subiects  with  nonr.^i  vasiibulat  function  and  unilateral 
labynnihactomy.  the  Slow  phase  velocity  of  OKN  varied  nonmono 
tonicaiiy  with  increases  ir'  the  spaej  of  the  bars  between  20 
and  400  degrees  of  visual  angle  i>er  second  Th*s  function  raac^tu 
a singia  maiimum  at  approiimaieiv  60  to  60  dr^  .«s  of  bar 
vaiC-*ity  for  horitontal  OkN  and  at  40  rfeg  aas  for  vertical  C*^N 
In  subitct:  with  neurological  curihrmed  irtsiona  of  tram  stem 
due  to  multiple  tumor  or  ischemic  disease  the  slow 

phase  velocity  or  ^id  not  change  but  remained  constant 

at  ehoyt  20  degrees/ sac  ac>ost  tne  range  of  ber  ve'ooties 
studied  Author 

N74  70743  Mount  Smai  Medical  and  Graduate  Schools  New 
York  Oapf  of  Ne*r 'fogy 

VI8UAI  VISTIC,  La*!  INTCRACTtON  THE  ftOLE  Of  THf 
LABYBINTH  IN  <»AOOUCTlON  Of  OPTOKINETIC 

NYBTA0MU8  ANO  OATOKfNCTfC  AfTEA  NVBrAOMUS 
6 Cohsn  S Takemori  and  T Uemura  (n  AGA60  The  Use  of 
Nyategmogrephy  m Avirnon  Med  Dec  1973  4 p ref  (For 

availat'iliiy  see  N74  207  3a  12  US) 

0<N  and  OkaN  we>e  affected  by  unilateral  tnd  biiaieiai 
labyr-nihectomy  The  maximum  yalociiy  of  How  phases  of 
irsductd  by  drum  rpietions  above  60  76  deg  sec ««  either  direction 
was  lower  after  unilateral  and  biiiierai  lehynniheuom y T'le 
frequency  of  OKN  was  else  decreased  and  the  loiai  deviar'on 
of  the  ayes  was  reduced  for  OKN  induced  by  these  drum 
speeds  Changes  in  OKN  ever'iueiiy  reLovered  OkaN  was  reduced 
in  duration  after  unilateral  labyrinihactomy  be>ng  initially  shorter 
to  the  iptilateral  than  to  the  contralateral  tide  OKAN  could  no 
longer  be  evoked  after  bilateral  labyrmihectomy  This  loss  was 
permanaiii  These  data  demonstrate  the  impoMence  of  the 
vestibular  system  in  meinienance  of  uFlN  ana  OrcAN  Autnu> 

H74  20744  F rtiburg  Umv  IWest  Germany)  Oepi  of  Neurology 
end  Neurophysrologv 

BELf  MOTION  BENBATION  PSEUDO  COPIOUS  EFFECTS 
AND  MOTION  BiCKNESB  INDUCED  BY  OPTOKINETIC 
STIMULI 

Johannes  Oichgans  end  Thomas  Brandt  AGAPj  The  Use 
of  Nyaiagmorgraphy  in  Aviation  Med  Dec  1973  3 p refs 

iFor  availability  sea  N74  20732  12  05) 

Pavchophysioi'-gicai  expariments  raporied  asiafitisfi  that  the 
human  sensation  ' stif  motion  is  evoked  by  siimuletion  of 
labyrinthine  recap*  as  weii  as  by  e>c<iaiion  of  tfie  viSuai  sanse 
Orcularvaction.  psaudo  coriohs  efleci  ^rid  visuflly  induced  *ill 
of  the  apparent  vertical  pro^luce  Ci-uicg  avi  motion  illusions  and 
motion  tickneia  phenonienc  due  to  vr'»ii!,utar  visual  interau»on 

GG 

N74  20746  Miami  Univ  0»fo»d  Ohio  De(>i  Faychoiogy 
EFFECTS  UF  SOUND  ON  fHfc  VLCTIBULAfl  SYSTEM 
O F Parker  M F Resr:hka  and  P L Tubbs  /'•  AC'-ARO  Tf*e 
Use  of  Nysiagmogrephy  in  Aviatior>  Med  0«r  1973  12  p 

reft  iFof  availability  see  N74  20/32  )?  05l 
(ConUicta  F 3 36 15  69  (.  1246  f 3 36)5  73  C 4002 1 

The  effacit  r^f  sourid  ori  Die  vestifiula'  tvstems  r>f  gutriea 


pige  arx)  monkeyt*  were  studied  Sound  stimuli  included.  (1) 
Pressure  IrahSierDS  i2)  mfrasounds.  and  (3)  intense  audiofre 
qwency  sou  id  Biomechanical  and  physiological  raspooses  to  thesa 
three  types  of  stimuli  were  obsenred  Biomechanical  respontes 
eaemmed  included  slaps,  disptacemant  and  perilymph  pressure 
changes  Vestibular  narv^  ectivity.  eye  movements,  and  head 
movaments  are  tha  phystoD  *)icai  responses  that  were  recorded 
Monkey  responses  differ  »d  Dorn  gumea  pig  responses  under 
several  conditions,  response  differences  suggest  different 
mechamems  ot  ecousbr-ji  vestibular  siimuiation  m these  two 
species  AuDvDr 

N74-2074S  Florida  Univ  GamatviDe  Oiv  of  Otolaryngology 

NOBMAL  UMITB  FOR  THE  SEQUENTIAL  BlTHERMAt 
binaural  caloric  TEST 

Franklin  0 Slack  David  D Custer  (Tech  Vocational  Inst ) Witiiani 
C Hamenvvay  (Colo  Univ!  and  John  | Thornby  In  AC***.R0 
The  Use  of  Nystagmography  m Aviation  Med  Dec  1973  9 p 
'eN  iFof  N74  20732  12-05) 

Ar^alysit  of  b'thermai  binaural  ca>onc  test  results  gave  a 
aiaiiaticaHy  s-gnificant  lasponse  i'iffe>ance  between  ears  for  right 
hirdeo  normal  subjects  Thera  we  e no  significant  lespons# 
diffarences  due  to  lemperatura  of  stimulation  and  aar  stimulated 
Thrae  fasts  for  the  detarmination  of  caloric  nystagmus  response 
abrM>r*nsitties  were  developed  based  upon  analysis  of  intrasubject 
norr^ai  responses  A reiiospeciive  axammaticn  of  caior«c  responses 
from  petienis  with  Meniere  s disease  provided  preliminary  support 
for  chnicat  feasibility  and  mcreasad  sansilivily  of  (he  statistical 
methods  advocatad  tor  ciu  icai  usage  Author 

N74  20747  Msmi  Univ  (West  Germany)  Dept  of  Physict 
ogy 

HUMAN  EYE  MOVEMENTS  DURING  VARIOUS  FORMS  OF 
LINEAR  ACCELERATION  ANO  WEIGHTLESSNESS 
R 3 Vwi.C*  ii-ga-tan.  R Thur^'e»  :M-ch  U*^iv  ‘ C • Shiiiirvger 
Jr  (NASA  Ames  Res  Center)  and  0 Baldnglu  (M>c>>  Un<v  1 
In  aOARD  Tiie  Use  of  Nystagmography  m Aviation  Mad  Dec 
1973  3 p refs  iFo  avjiiab'iity  see  N74  20732  12  05) 

Eye  movements  of  human  subjects  were  recordad  eiectrony 
ategmographicaiiy  m complete  du'^ness  during  rectiimea' 
horiionici  ecceiernions  as  achieved  in  cers  on  the  ground  and 
also  during  airtrah  parabolic  flight  Th#  rasuill  war#  compared 
to  the  movements  ot  bimdad  goldfish  aubjecied  to  similar  changes 
of  gravitomertisi  forces  The  results  mdiCBia  that  there  it  § hum§n 
correlation  with  the  gravity  reference  respor^ae  of  fish  During 
horisomei  forward  accaie'siiona  on  the  grourid  the  human  ayas 
turn  downward  and  during  horizontal  bacliward  .>cceieration  tha 
eyaa  turn  upward  The  human  eye  response  to  g loads  balow 
1 g and  to  weighiiaasnass  >s  the  reveise  of  the  tiit  of  the  fi|h 
While  ftfh  diva  down  during  low  g o<  loop  forward  during 
waightlessoaas  tha  eyes  of  subjecia  sitting  upright  in  an  aircraft 
which  flies  at  Q Q move  upwaro  AuUiCr 

N74-2074B  Ludwig  Msximihans  Univers'iai  Munich  (West 
Germany) 

THERMOELECTRIC  STIMULATION  OF  THE  LABYRINTH 
Hans  Scherer  /n  AGARQ  Tha  Use  of  Nystagmography  m Aviation 
Med  Dec  1973  5 p iFor  avaiiabihiy  aee  N74  20732  12  05) 
A riew  method. pi  calonc  labyrinth  ttimui#iion  i»  described 
The  ute  of  water  as  a stimuiaior  la  replaced  by  a cupper  plug 
positioned  m the  external  ear  canal  The  plug  t temperature  it 
regulated  by  Peltier  thermoeiectru.  plates  wh  ch  are  connected 
with  a power  supply  and  are  able  to  pioduce  on  on#  of  then 
v'det  either  heat  or  cold  Every  lempc'atu'e  necessary  to  stimulate 
the  labyrinth  can  be  applied  Electronic  steering  and  the 
euiomati/siion  of  the  whole  test  are  easily  ap(>iicabie  The  new 
method  ii  etpeciaiiy  useful  m jiaiientt  with  leainna  of  the  ear 
drum  vwerei  typcai  examples  of  thermoelectric  iiimuiation  of 
the  labyt  inth  and  tha  Oysiagmic  response  S'S  sfiown  Author 

N74-20748  Utrr.  Ur.;,  f'.Voc!  Oermc-'y)  C’ep'  N«.pfoiag> 

computer  ELECFR0NY8TAQM0URAPHY  IN  EVALUAT 
INO  the  influence  of  PSYCHO  PHARMACOLOGICAL 
DRUGS  ON  VIGILANCE 

Jufigari  C Aschoff  en<J  Wolfgang  Becker  in  AOARD  T)  e Use 
of  Nysteymograptiy  iri  Avigtion  Med  0«'.  19/3  B (r  'ffs 

tFor  eve<teb<iiiv  see  N74  20732  1 2 Ob) 
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M^Jtimum  v*iOCity  ir>0  Junnon  of  Mccadic  ay^  movamantt 
dapaod  antt^aty  on  tha  magnituda  of  angular  daflaciion  of  tha 
•vt  ball,  and  on  tha  atato  of  aiartnatt  or  fattgua  ^ranquiiitmg 
druga  auch  at  Diaiapam  ara  known  lo  raduca  significantlv  tha 
manmum  valocitv.  but  accuracy  and  raaction  tirra  of  thaaa  aya 
movamantt  datariorata.  too  For  nvaluatirtg  theaa  drug*,  an  on  hrva 
computar  program  hat  baan  davalor>ad  wharaby  500  saccadic 
•ya  movamantt  ara  computad  for  thair  maximum  valocity 
ourttron.  accuracy  arvj  raaciion  tima  All  datirad  paramaiart  ara 
plottad  m ampiituda  subgroups  with  mean  vaiuat  or  - standard 
davtatron  Vanout  drugs  hava  baar\  tattad  using  this  mathod 
including  a powerful  new  an<:Japrastant  drug  Sulpiride  This 
antidapratsant  p\ychn#^'*«.ma(u)n  s^nwad  r\o  influence  on  valocity 
and  raaciion  t.ins  arKI  may  even  anharKa  accuracy  of  saccadic 
aya  rr>ovamants  Author 

N74*20760  School  of  Aarotpaca  Madicma.  Brooks  AF6.  Tei 
Qmicai  Sciancas  Oiv 

AEROMCOlCAt  AS8EARCH  AND  CUNICAL  APPUCA 
TIONS  OF  AVERAOir;^  T .CHNIOU68  IN  NYSTAOMOGRA 
PMY 

«iamat  W Wolfa  fn  aGARO  The  Use  of  Nyttegrnography  in 
Aviation  Mad  Oac  ^973  6 p raft  (^or  availability  eae 

N74  20732  12  05) 

A aytiam  employing  anaiog-io  digital  lachniquat  hat  baan 
developed  for  aimuitanaously  meaturi'.g  t^e  average  slow  and 
fatt  phase  valociiy  of  the  tummaiad  response  and  left  and  right 
aya  movamants  separately  and  for  pracisa'y  resolving  both  of 
these  variables  This  method  n datcnoad  along  with  illustrative 
cates  Praiirmnary  results  mdiceta  (hat  this  approach  may  b« 
useful  in  differentiating  pe^ipherei  and  central  vestibule  oculomotor 
pathology  Author 

N74‘207ft1*  Maisachuiattf  Inst  of  Tech  Cambrdga 
Man  Vahicia  (jib 

AUTOMATCO  NVSTAQMU8  ANALYSIS 

Chadas  M Ornan  John  H J Allum.  John  R To<a  and  i^uranca 

R Young  /n  ACARO  The  Use  of  Nystagmography  m Aviation 

Mad  Oac  1973  9 p ref*  (for  availability  sea  N74  20732 

12-05) 

iGrants  NCR  22  009-025  NOR  22  009  156 
NOR  22  009  701) 

Several  methods  have  racanily  baan  used  for  on  (me  analysis 
of  nystagmus  A digital  computer  program  has  been  developed 
to  accept  sampled  records  of  aya  position  detect  fast  phase 
components,  and  output  cumulative  stow  phase  position 
continuous  slow  phase  velocity,  instinianeous  fast  phase 
fraquarxy.  and  other  parameters  The  sic.*  phase  velocity  ts 
obtiioad  by  differentiation  of  the  calculated  cumulative  position 
rather  then  the  original  eye  movement  lecord  Also  e prototype 
anelog  device  has  been  devised  which  calculates  the  veiocity  of 

♦he  slow  phse*  cor^ponenr  ri'.*'*ng  r*lnnr  littling  Fiemples  of 

clinical  and  research  aya  movement  records  analyzed  with  these 
daviCOs  are  shown  Author 

N74-30762  Royal  Air  Force  Inti  of  Aviation  Medicine 
Farnborough  (England) 

A MODEL  FOR  THE  PREDICTION  OF  THE  NYSTAGMIC 
RESPONSE  TO  ANGULAR  AND  LINEAR  ACCELERATION 
STIMULI 

G R Barnet  and  A J Sanson  in  AGARO  The  Use  ol 
Nystagmography  m Aviation  Med  Dec  1973  13  p refs  (For 

availability  sea  N74  20732  12  05) 

A model  has  bean  developed  for  the  mechanism  of  saccadic 
generation  m tha  vestibuto  ocular  rafia*  arc  m an  attampi  to 
aiptain  variations  m the  pattern  of  rvystegmic  response  to  vestibuler 
etimuletion  Th#  model  hts  been  developed  using  an  analogue 
computer  ar>d  an  attampi  has  bean  m«de  to  reie'e  the  tysiem 
to  the  known  physiological  evidence  The  response  of  the  model 
has  been  compared  with  results  from  eiperirnenit  on  human 
subitcts.  and  satisfactory  egreament  has  been  ebtemed  m 
conditions  appropriate  to  stimulation  of  the  cenais  by  boti  ^anodic 
end  trensien*  gnguler  ecceierations  end  to  sinmuiaiion  of  th« 
utricular  maculae  by  linear  ac<.alarat>on  The  rnodel  erfeciively 
simulates  the  changes  >n  frequency  end  duration  of  tio'*'  phase 
end  taccedic  eye  movamants  observed  esperimeotaliY  Author 


N74-20763  Royal  Australian  Navy  School  of  Unda  .vatar 
Medxine.  Balmoral 
VERTIGO  IN  DIVING 

Carl  Edrr>OAds  /n  AGARO  The  Use  of  Nyttagmography  m 
Avtiiton  Med  Dec  1973  10  p refs  (For  availability  eat 

N74  20732  12  05) 

Because  vertigo  is  associated  with  nystagmus  and  this  can 
ba  demonstrated  m sn  objective  manner  it  has  bean  attempted 
to  differentiate  the  specific  causee  of  verngo  from  those  of 
disorianiation  m ger  era!  it  rs  fully  appreciated  ihat  there  is  a 
strong  correlation  between  these  two  symptoms  An  aetiologies! 
ciassificatiori  of  venigc  in  diving  is  reported  that  corisiders  aspects 
of  uneoual  vestibular  stimulatron  as  wall  as  unequal  vestibular 
responses  Author 

N74  20754  0' '.e  Univ  Durham  NC  Oiv  of  Otoiaryngologv 

COCHLEAR  AT:d  VESTIBULAR  INJURIES  DURING 
DIVING 

Joseph  C Farmer  J-  /n  AGARO  The  Us)  Of  >lYSlagmography 
in  Aviation  Mad  Dec  1973  8 p refs  (For  availability  sea 

N74  20732  12  05) 

Cochlear  and  vestibular  damage  can  oc  .ur  during  all  phases 
of  diving  Inner  ear  damage  during  compression  seems  to  be 
raleied  to  d.Hicuiiios  with  middle  ear  pressure  equalization  while 
such  demage  occurring  at  stable  deep  depths  sesrrs  to  related 
to  experimental  cher‘*gas  m inspired  marl  gos  composition 
Cochlear  arid  vestibular  damage  dunng  decompression  seems  to 
ba  a form  of  decompression  sickness  ar^d  can  ba  th#  only 
menifastation  of  this  pioblam  Twenty  cases  oi  such  damage 
ere  presented  m which  there  is  a significant  correlation  between 
prompt  recompressipn  tresimeni  and  lack  of  residual  dafrCitas 
Excassiva  noita  is  not  uncommon  during  various  diving  conditions 
and  can  lead  to  lamporary  end  presumably  permanent  auditory 
thresholds  shifts  Author 

N74  2076S  Lund  Uoiv  (Swadeni  fNT-Oept 

EFFECTS  OF  INCREASED  MIDDLE  EAR  PRESSURE  ON 
THE  VESTIBULAR  SYSTEM 

Oarjan  Tjarnttroem  In  AGARO  The  Use  of  Nystagmography  m 
Aviation  Med  Dec  1973  9 p refs  IFor  availability  see 

N74  20732  12  05} 

A technique  >s  deKnbed  for  measuring  changes  m pressure 
in  the  middle  esr  Fitted  to  the  aiterr^al  ear  canal  is  a rubber 
cuff  which  contemi  • small  tube  A flowmeter,  parallel  with  the 
tuba  detects  airflow  between  the  external  ear  canal  and  the 
ambient  a>'  The  airflow  is  compered  eiactromceHy  with  a reference 
airflow  m another  tube  which  emanates  from  an  adjustable 
rafaranca  volume  By  recording  m this  manner  tn  a pressure 
chamber,  pressure  changes  m the  middle  ear  could  be  raiated 
to  report  vertigo  and  also  to  recorr'od  nystagn.us  Results  indicate 
that  eiternoberic  vertigo  (A  V ) rr-.ay  occur  with  only  moderate 
prascu-'c  changss  and  ’^a?  «ijhi«rt«  who  would  otherwise 

be  regarded  as  normal  are  especially  susceptible  to  A V apparently 
as  a result  of  a high  forcing  pressure  on  one  side  Author 
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• ncludM  cl^m(C«l  intlysif  (nd  id«i'liAc«lK>n  (•  g ig«clro« 
copy)  For  application*  *4*  17  k'atanala.  MataHic.  18 

Matanal*.  NonmauHic;  and  27  Pn>(a^lanit 


N71-31M0f  Advaory  Cipup  for  Aafpapaca  nataarch  and 
Oavalopmant  Pan*  (Fiancal 

OAt  BAMPLINO  AND  ANALYSIS  IN  C0MSUST10N 
PHCNOMINA 

0 Ungall*  (ONERA.  Parial  and  C Vardtar  (ONERA.  Panal  Jid 
1S73  1S6  p raft 

(AGARO-AG  ISS.  AGAR00GRAPH-1SSI  Avad  NTIS  HC 

sn  26 

Tha  application  of  gaa  analyiit  tachniquat  tu  dafarmm* 
combustion  affkiancy  m lurbin*  angina*  and  rockat  ar.gma 
combustion  diambart  is  ditcusaad  Th*  fundamsnial  data  tor 
combustsw  lunatic*  in  a parfactly  stiiiad  reactor  and  in  pramiaad 
laminar  Rama*  ar*  rsportad  Variou*  mathod*  o<  ga*  anatyai* 
using  gas  pbaas  chroma tography.  mass  apactromalry.  absorption 
of  alactromtgnatic.  absorption  of  alsctromsgnaiic  rsjiaiiona.  and 
phyticochamical  mathod*  ol  flow  through  anaiyaa  ar*  *«- 
plamad  Author 


N74-227SSI  Advitory  Group  for  Aarotpac*  Rataarch  and 
Oavalopmant.  Pans  (Francal 

OAS  sampling  ano  analysis  in  comsustion 
phenomena  (PREUVEMENT  ET  analyse  06  0A2  DANS 
Lf  S PHENOMENES  oe  comsustionI 

0 langak*  (ONERA.  Panal  and  C Vardiar  (ONERA.  Panal  Jul 
1S73  1S7  p raft  In  FRENCH 

(AOAROograph-168(FRI.  AGARO  AG'166(FRII  Avail  NTIS 
MC  $12  60 

Th*  application  of  gat  snalytit  lachmquat  to  datarmina 
eombutlaxi  afficisney  in  turbine  angina*  and  rockat  angina 
ccmbustirn  chamban  it  diKuttad  Th*  fundtmantal  data  for 
combustion  bnatici  in  a parfactly  ttinad  rsactor  and  m pra- 
miisd  laminar  flamtt  t'*  rsportad  Various  maihodt  of  gat 
analytia  using  gas  phata  chromaiogitphy.  mast  spaclromalry. 
abaorpiion  of  flactromagnatic  rtdisiiont.  and  phytiochamical 
methods  of  flow-through  anslyiis  ars  saplamsd  Author 
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Includti  communictiiont  •quipm«nt  and  lachniquat 
noM*.  rad»  and  commgn>cai>ont  blackout,  modulation 
talamatry.  Hacking  'adar  and  optical  obaarvation  and  wavt 
propagation  For  basic  raiaarch  >•#  23  Pbysict.  Ganaial 
and  2)  Navigation 


N71-H62SI  Advisory  Group  lor  Aaiospaca  Rasaa'Ch  and 

Oava^manl.  Pans  IFrancal 

INFOnM.ATION  ANALVgIS  CENTRES 

Fab  1C71  S9  p rats  Conf  ti«ld  at  Amsterdam  lONov  1970 

(/GARO  CP  78-71)  Avail  NTIS 

CONTENTS 

1 CONCEPT  MISSION  ANO  OPERATION  OF  SCIENTIFIC 

AND  Technical  infor.vation  analysis  centers  j w 

Murdock  (Balielle  Memorial  Inrt  Columbus  Cruol  14  p iSae 
N71  1952709  07) 

2 FUNDING  INFORMATION  ANALYSIS  CENTERS 
G S Simpson.  Jr  iBattella  Memorial  Inst  Columbus  Ohio)  4 p 
ISaa  N7 1-19528  09  07) 

3 A SPECIALIZED  documentation  CENTER  ITS 

organization,  its  )/ethoos  ITS  effectiveness  Y j 

Roapar  (Sociale  Nationals  Indusinelle  Aerospatiale  Pans  France) 
1 1 p (See  N7  1 19529  09  0 7) 

4 THE  HARWELL  HEAT  TRANSFER  ANO  FLUID  FLOW 
information  ANALYSIS  CENTRE  L 8 Cousins  (JKAEA 
Harwell.  England)  8 p (See  N7) - 19530 09-33) 

5 PROPOSAL  FOR  AN  INTERNATIONAL  AIR  POLLUTION 
iNFORM.rTION  ANALYSIS  CENTER  J w Mu.•doc)^  (8«lta!le 
Memorial  Injt , Columbus.  Ohio)  5 0 (SeeN71  19531  09  13) 

6 MARITIME  POLLUTION  R P Langston  (Admiralty 
O'l  Lab.  Cobham  England)  7 p rels  (See  N7 1-19532  09-131 


N71-13627i(  Battellt)  Memoftal  Inst , Columbus  Ohio 
CONCEPT,  MISSION.  ANO  OPERATION  OF  SCIENTIFIC 

ANO  Technical  INFORMATION  analysis  centers 

J W Mufdock  In  AGARO  Infoim  Analysis  Cont®fS  F^b  197  1 
14  p (See  N7  M9526  09-07) 

Avail  NTIS 

A d'scossion  IS  given  ol  the  fundamental  concepts  of  an 
info^maiion  analysis  cenier  \\AO  and  hpw  i\  relates  lo  other 
information  services  The  missi  n of  an  lAC  is  considered  m terms 
of  hOrAF  unpublished  inlormaiion  is  obtained  and  used  and  how 
feedback  helps  the  lAC  achieve  ns  goals  Operai  ongi  aspects  of  a 
center  are  reviewed  and  experiences  by  research  scicritisis  and 
engineers  m utilising  an  lAC  are  related  Tv^'0  non  government 
supported  IaC  s are  described  along  with  one  government  center 
The  advanioges  of  working  in  an  IAC  environment,  key  problems 
in  day-io  dav  operation  ann  tne  ever  present  problem  of  money 
aro  included  in  the  discussion  0 LG 

N71  19628a  Batteiie  Memorial  lost  Columbus  Ohio 
FUNDING  INFORMATION  ANALYSIS  CENTERS 
G S Simpson  Jr  in  AGARD  Inform  Analysis  Centres  Feb 
1371  4 ptSeeN7l  19526  09-07) 

Avail  NTIS 

An  overview  is  presented  of  Ihe  funding  problems  ir>volved 
ir-  the  implementation  and  maintenance  of  an  information  analysis 
cerrfe'  It  is  pointed  njt  that  ! 1 j the  centers  are  eipensive  to 
operate  *2)  adenuate  funding  is  difficult  to  obiam  and  kaap.  and 

ih«  rnnteis  runnor  h«  eronom.rallY  mxiifinii  for  flvery  asp«rt 
of  science  and  engineenrig  Another  basic  problem  involves  the 
difficulty  in  acQu*'ing  detailed  data  cost  from  fscilitias  that  are 
preseritiy  m operation  Emphasis  of  the  discussion  is  placed  on 
factors  that  deierrmri©  wheihei  gn  information  analyisis  center  is 


/seeded  what  sire  n should  be.  end  whether  it  should  be  funded 
by  government  sources  or  private  industry  0 L G 

N71-19629#  Sociote  Netionele  indutlnelle  Aeroepetieie.  Perit 
(Frervee)  Oiv  Sytlemes  Gelistiquet  et  Spatieux 
A SPrCIALIZED  DOCUMENTATION  CENTER:  ITS 

ORGANIZATION.  ITS  METHODS.  ITS  EFFECTIVENESS  lUN 
CENTRE  OE  DOCUMENTATION  SPECIALISE:  SON 

ORGANISATION.  8ES  METhOOES.  SON  EFFICACITE) 

Y J Roeper  /n  AGARO  Inform  Analysis  Centres  Feb  1971 
1 1 p In  FRENCH.  ENGLISH  sum/nery  tSee  N71  1952609  07) 
Avail  US  Peieni  Office 

The  establishment  end  operation  procedures  ere  deecrOed  for 
e docurrentabon  center  deelmg  with  aerospace  date  Discuesiona 
are  O'ven  concerning  M)  the  need  for  such  a center.  {2)  the 
documer^tation  chamemployed  (3)  the  aoicmetizetion  involved,  arsd 
(A)  cost  effectiveness  in  addition,  some  figures  ere  provided  tc 
illustrate  the  cost  of  automatic  documenietion  0 LG 


N71  19&30n  United  Kingdom  Atomic  Energy  Authouty.  Harwell 
itngland‘ 

THE  HARWELL  HEAT  TRANSFER  AND  FLUID  FLOW  INFOR- 
MATION ANALYSIS  CENTRE 

L 8 Cousins  f >AGAfiD  inlor.t:  Analvsis  Centres  Feb  197  1 (See 
N7  1 19526  09  07;  Bp 
Avail  NTiS 

The  estabiif  imerii  of  i ^eivice  to  meet  the  information  requira- 
n»e  Its  of  a specific  group  of  scicr^tists  and  technologists  is  de- 
sc'iued  fh#»  settino  up  of  a reference  library  for  heat  transfer  and 
Mu'd  flow  literature  is  riuMmed  a/'O  the  nielhodi  emplOYaO  for  rapid 
retrieval  ol  iria*  liteiature  •isi/'g  a large  digital  computer  ere  given 

Ajthfl)f 

N71  19531«  Bat  telle  Memorial  Insi  Coiurmbu^  Ohio 

PROPOSAL  FOR  AN  INTERNATIONAL  AIR  POLLUTION 
INFORMATION  ANALYSIS  CENTER 

John  W Murdock  In  AGARD  Inform  Analysis  Centres  Feb 
1971  5 ptSeeNM  1952609  C"! 

Avail  NTIS 

The  establishment  within  NATO  of  an  mte'tiotional  information 
analysis  center  on  au  pollution  is  proposed  The  applicaiion  of 
inforn-.ahon  analysis  concepts  in  ffi  j cnlicai  field  whicn  increasingly 
imoivcs  multidisciplinary  research  and  dcvelopmerit  efforts  .n  all  t‘ie 
ir*dusuiaf-zed  societies  of  ihe  world  wcu.ii.1  create  a compiehens.ve 
base  of  M^owledge  mat  would  be  utilized  by  « ij  research  scientists 
of  many  nations  lu  assu'e  maximum  effective  contributions  to 
solving  air  ooHutiOn  p'jblerns  and  l2l  by  dflrUiinsif ,4iOrs  and  : O'iCv 
makers  to  mane  ti-e  major  decisions  that  deli't.'ri(nf*  whoi  research 
IS  to  be  done  and  tiow  it  is  lo  oe  fundr.-d  Methods  of  establishing 
the  inlo'maiion  anj*yvis  cenre-  ds  orrja-'.i/aitun  .md  t»>e  functioiis 
of  its  international  staff  are  described  Author 

N71-19532i*  AdmifdUy  Oil  cab  Cobham  iLayiand' 

MARITIME  POLLUTION 

R P Lang<ton  ,n  AGARD  Inform  Analysis  Centres  Fob  1971 
7 p refs  tSeeN/1  19526  09  07) 

Avail  NTiS 

A discussion  IS  prevonteri  on  tfie  leasibditv  of  an  international 
maritime  pollution  mform.ation  ano'/sis  --enter  6mpt..:(,is  i$  placed 

on  the  growing  recogoitior^  of  the  need  for  ^ tjeiier  undefstandi.ug 
of  what  takes  place  wher»  oi'  t)ror1ur.ts  are  spiUr-d  at  ^ea  The 
proposed  renter  would  process  on  an  international  tias's  all  data 
dealing  with  thr  nature  of  Od  Spills  the  consequences  and  the 
technologies  employed  in  the  clear^mg  up  process  in  addition 
incde'^ces  -?'i  5r''*3ge  wcu'd  b?  'cpo'icd  *o  i*^‘S 

loforrmation  would  be  routinely  processed  ar^d  dissenunated  to  -iH 
member  countries  Other  benefits  that  cr^ulij  be  derived  from  the 
proposed  ce.ner  are  tiiielly  d('.cuss€<f  and  include  i)  l the  acquisition 

of  data  on  weather  co'-rlilions  and  vaiei  ■ngverne'-tS  '2‘  the 
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8v8«t8bilitY  of  indu&iri8t  8nd  ecclogic8l  information.  <3l 
idontification  of  pollutants,  and  (4)  tho  formulation  of  legal  aspects 
and  medical/toxic  aspects  0 L G 


N7V21409»'  Advisory  Group  for  Aerospace  Research  ond 
Development.  Pans  tFrancel 

TROPOSPHERIC  RADIO  WAVE  PROPAGATION.  PART  1 
Conferertce  Procoedingc 

H J Albrecht,  ed  Feb  1971  309  p refs  Mostly  <n  ENGLISH, 
partly  in  FREr;CH  AGARO  Avionics  Panel  16th  Tech  Symp  held 
m Ousteld~rf.  3 1 Aug  4 Sept  1970 
(AGARO-CP-70-71-Ft-l|  Avail  NTlS 

Electromagnetic  wave  propagation  through  the  troposphere 
IS  analyzed  for  the  effects  of  tropospheric  characteristics  on  wave 
refeiaciion  and  refraction,  scatter  propagation,  and  propagation 
vediction  methods  For  individual  titles,  sec  N7i  21410  through 
N71  21433 


N71-21410.iV  Advisory  Group  for  Aerospace  Research  and 
Oevelopmeni  Paris  (France!  Communications  Electronics  Oiv  of 
the  Military  Committee 

MILITARY  APPLICATIONS  OF  RESEARCH  AND 
DEVELOPMENT  IN  TROPOSPHERIC  WAVE  PROPAGATION 

Enneo  Scotti  (Italian  Army)  /n  its  Tropospheric  Radio  Wave 
Propagation.  Pi  1 Feb  1971  4 p (See  N7  1 -2  1409  10  07l 
Avail  NTIS 

An  cverview  of  military  applications  of  tropospheric  propagation 
phenomena  in  scatter  communications  and  radar  is  presented  with 
emphasrs  on  the  problems  eryrountered  by  military  comrr.unications. 
eaneor  systems  command  and  control,  frequency  planning  end  the 
NATO  integrated  communications  system  is  discussed  A better 
correlation  of  the  known  aspects  of  tropospheric  propagation  so  as 
to  best  suppon  military  systems  planning  is  advocated  Author 


N71-21411i|l  Advisory  Group  for  Aerospace  Research  and 
Development  Pans  (Frencel 

THE  STRUCTURE  AND  DYNAMICS  OF  THE  TROPOSPHERE 

P heethjan  in  its  Tropospheric  Radio  Wave  Propagation.  Pt  1 
Feb  1971  12  p (See  N71-21409  10  07) 

Aveil  NTlS 

A three-fluids  general  atmospheric  circulation  model  is 
described  that  uses  a large  rotating  water  pcwl  to  realize  Prendl  s 
theoretical  atmospheric  flow  model  Experimental  results  obtained 
with  the  water  basin  containing  three  liquids  of  differing  densities 
indicate  that  a weak  meridian  flow  polewards  is  (he  cause  of 
•trong  western  winds  Atmospheric  cycion.s  at  nigner  latitudes 
onginaie  where  an  upper  branch  of  meridian  circulation  far  advanced 
in  e direction  towards  the  pole,  commences  its  descent  G G 

N71-21412I  Environmental  Science  Services  Administration. 
Boulder.  Colo 

WORLDWIDE  CHARACTERISTICS  OF  REFRACTIVE  INDEX 
AND  CUMATOLOOICALEFFECTS 

B.  R.  Bean.  B A Hart,  and  G 0 Thayer  in  AGARO  Tropospheric 
Radio  Wave  Propagation.  Pt  1 Feb  1971  14  p refs  (See 

N71-21409  10-07) 

Avail:  NTlS 

The  development  end  present  status  of  radio  climatology 
jre  reviewed,  from  Newton  s use  of  the  exponential  atmosphere 
to  recent  work  on  the  climatology  of  radio  refractive  index 
turbulence.  (1)  development  of  models  of  the  general  vertical 
structure  of  the  r<*f;active  ir>dex  with  a three-pan  exponential  profile. 
(2)  the  general  rafr  ich'/e  index  gradient,  elevated  layers  with  strong 
refractive  index  graJients.  end  winds  m the  common  volume  region 
which  ere  significant  to  the  performance  of  transhonzon  radio 
propagation  systems.  (3i  studies  of  the  climatology  of  the  initial 
gradient  of  the  radio  refractive  index  wh:ch  have  revealed  that  the 


tropical  areas  of  the  world  experience  the  most  severe  conditions, 
and  <4)  tha  I'kelhiood  of  turbulence  of  the  radio  refractive  index 
as  deiarmmed  from  the  gradient  of  the  potential  refractive  index 
and  calculated  from  conventional  meteorological  soundings  of  the 
atmosoKere.  Author 


N71-21413#  General  Electric  Co  . Syracuse  N Y 
TROPOSPHERIC  EFFECTS  ON  SPACE  COMMUNICATIONS 
George  H Miilman  In  AoARD  Tropospheric  Radio  wave 
Propagation.  Pt  1 Feb  1971  30  p refs  (See  N7  1 -2  1409  10-07) 
Avail  NTlS 

The  influence  of  the  natural  environment  is  considered  in 
(he  design  ol  an  earth  satellite  communication  system  The 
nonisoiropic  characteristics  of  the  troposphere  are  evaluated  m 
terms  of  their  effects  on  the  p<opagation  of  electromagnet'C  waves 
through  the  medium  The  tropospheric  propagational  phenomena 
which  are  discussed  are  refraction,  time  delay,  scintillation  effects, 
doppler  frequency  shift,  ducting,  attenuation,  and  noise  Author 

N71-214148  Stanford  Research  Inst  Calif  Aerophysics  Lab 
SATELLITE  VIEWED  CLOUD  COVER  AS  A DESCRIPTOR 
OF  RADIO-RADAR  PROPAGATION  CONDITIONS 
R H Blackmer  Jr  and  S M Serebreny  In  AGARO  Tropospheric 
Radio  Wave  Propagation  Pi  1 Feb  1971  12  p iSee  N71-2I409 

10  07» 

Avail  NTlS 

Comparison  is  made  between  the  appearance  of  a satellite 
Viewed  cloud  cover  and  radio-radar  propagation  conditions  to 
determine  whether  cloud  cover  can  describe  atmospheric  conditions 
influencing  radio-radar  propagation  Radar  performance  records 
from  the  eastern  Pacific  Ocean  and  tropospheric  scatter  signals 
from  (ho  southwestern  Pacific  ocean  were  compared  with  satellite 
photographs  of  cloud  cover  over  the  respective  areas  It  is  shown 
that  (he  nature  of  the  cloud  cover  helps  to  indicate  whether 
propagation  will  be  normal  or  abnormal  but  more  research  is  needed 
to  Obtain  quantitative  propagation  data  over  small  scale  areas 

Author 


N71-21416*r  Air  Force  Cambridge  Rosear^h  Labs  . Bedford  Mass 
RAIN  ATTENUATION  AT  MILLIMETER  WAVELENGTHS 
£ £ Altshuler  V J Fair. one,  and  K N Wuifsberg  m AGARO 
Tropospheric  Radio  Wave  Propagation.  Pt  1 Feb  1971  10  p 

refs  (See  N71-21409  10  07) 

Avail  NTlS 

A program  \o  determine  the  foasibpliiy  of  using  millimeter 
•waves  fc?  space  co.~rrnjriicat»Ofi  liaS  utf-n  «.unouciei  and  n nas 
been  shown  that  a'  15  and  35  GHz  atmospheric  aiieniuaiion  is 
relatively  low  except  for  conditions  of  hei*vy  ciouds  and  vecipnaiion 
Ram  attenuation  was  muasured  m Hilo  Hawan  and  the  following 
results  were  obtained  (II  total  atmospheric  attenuation  i, 
moderately  low  at  15  and  35  GHz  *or  r.-)mfa!»  rates  less  than  1 
mm/hf  and  zenith  angles  less  than  45  deg  For  higher  rainfall  tales 
and  angles  closer  to  the  honzon  the  atten-jaiion  becomes  prohibitive 
particularly  at  35  GHz.  i2)  total  atmospheric  attenuation  can  be 
accurately  calculated  from  a measurerneoi  of  apparent  sky 
temperature,  and  (3>  atmospheric  attenuations  at  15  and  35  GHz 
are  highly  correlated  Author 


N71-21416a  Me  "j'II  Univ  . Montreal  (Quebec > 

APPLICATION  OF  WEATHER  RADAR  DATA  TO 
PROPAGATION  QUESTIONS 

H R Rogers  In  AGARD  Troposphonc  Radio  Wave  Propagation 
Pt  1 Feb  1971  11  p refs  SuppoMed  by  Can  Oepi  of 

Commun  (See  N7  1 ■ 2 1 409  1 0 07) 

Avail  NTlS 

The  weather  radar  facility  insirument  provides  a real  lime 
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display  of  tt>«  lOGHt  at;ei>uation  du«  lo  rtinatoog  iha  radar  un%  of 
sight  fhraa  months  djta  from  i\a»o  summars  hava  baan  analyiad 
to  givan  attanuation  st8*istics  for  application  to  communications 
ovar  tarrastrial  and  ssteiiita  microwava  links  PraliminarY  rasulia  ara 
prasantad  for  the  atimuth  aslant,  duration,  and  fraguancy  of 
occurranca  Of  attanuaiions  ranging  from  5 to  30  GHz  at  alavation 
ingles  batween  3 deg  and  20  deg  Author 

N71-21417I  CoTTHTHinicatiorTS  Research  Centre.  Ottawa  tOntariol 
SiMULTANfOUS  MEASUREMENTS  OF  PRECIPITATION 
ATTENUATION  AND  RADAR  REFLECTIVITY  AT 
CCN'nMETRC  WAVELENGTHS 

K S.  McCormick  M AGARO  Tropospheric  Radio  Wave 
Propagation.  Pt  1 Fab  1971  12  p refs  (Saa  N71-21409  10-07) 
Avail.  NTIS 

Msasuramants  have  baan  made  of  precipitatior  attenuation 
ak>r>g  slant  paths  through  the  troposphere  Beacons  at  4.  8 and 
15  GHz  were  carried  by  an  aircraft  which  flew  m circular  paths 
aroursd  a receiving  antenna,  with  elevation  angles  to  the  aircraft 
for  different  flights  between  3 and  20  degrees  Simultaneous 
me asu reman ts  of  backscattar  from  precipitation  along  the  propagjiion 
path  were  made  using  a 2 9 GH  weather  radar  The  radar  data 
have  bean  used  to  calculate  values  of  the  path  attenuation,  using 
empirical  relations  to  relate  aitenuaiion  to  reflectivity  factor  Data 
ware  obteirsad  for  situations  including  moderate  widespread  ram. 
an  intansa  shower,  ram  cells  which  appa<ently  contained  ha>l  m 
their  corat.  and  situations  m which  a distinct  melting  layer  was 
present.  On  the  basis  of  the  measured  data,  it  is  concluded  that  the 
rtder  can  be  used  to  calculate  values  of  path  attenuation  that  give 
tahtfactorv  agreement  v.ith  the  observed  values  provided  that  hail 
or  a mettmg  layer  is  not  intercepted  by  the  radar  beam  Author 

N71*2141S|  Tanas  Univ  . Austin  Electrical  Engineering  Research 

Ub 

COMPARISON  OF  16  GHz  PROPAGATION  DATA  FROM 
THE  ATS  6 SATELLITE  WITH  GROUND  BASED  RADIO 
AND  METEOROLOGICAL  DATA 

A W Straiton  and  & M Fannin  In  AGARO  Tropospheric  Radio 
Wave  Propagation.  Pt  1 Feb  1971  lO  p refs  (See  N71-21409 
10-07) 

Avail  NTIS 

15  GHz  signals  trar.»mined  from  the  ATS-S  satellite  and 
related  ground  based  observations  are  discussed  The  purpose  of 
the  experiments  is  to  determine  the  reliability  and  predictability  of 
communication  from  space  at  frequencies  higher  than  presently 
used  The  ATS-5  satellite  was  put  m synchronous  orbit  at  t08  deg 
West  longitude  Failure  m one  of  the  positioning  lets  prevented 
slalHMzation  with  a resulting  rotation  76  Cyc>es  per  mmute  However 
It  was  pOSSiMa  to  determine  significant  information  on  the 
transmissioncharacterisiicsof  the  atmosphere  Various  ancilldry  data 
were  taken  including  wind  speed  and  direction,  temperature,  ram 
rate  or>d  distribution,  sky  temperature  and  surface  radio  wave 
attenuation  Author 

N71-2141S)|I  Communpcatiorts  Research  Centre  Ottawa  lOntanoi 
MICROWAVC  ATTtNUATION  MEASUREMENTS  USING 
THE  ATSSSA'iELUTE 

J I SlncWind  ind  J W B Day  m AGARO  Troposphonc  Radio 
Wava  Pfopagaiion.  Pt  1 Fab  1971  7 p rals  (Saa  N71-21409 
10  07) 

Avail  NTIS 

Tlia  altanuaiion  by  pracipiiation  a 15  3 GHy  signal  is  baing 
meitufad  loi  slani  paihs  ot  30  degrees  elevalion  angle  using  the 
beacon  trans/nissions  ol  tba  ATS  5 satallita  The  sky  tamparaiure  al 
15  3 GHi  along  the  propagation  pelh  is  measured  simultaneously 
yvilh  a total  power  radiometer  Predicted  altenuauoos  are  calculated 
from  measured  values  of  tba  sky  temperature  Backscattar  ot 
radiation  of  2 9 GHA  GHj  is  measured  with  a collocated  S band 
radar  Values  ol  rriean  ruder  leHectiviiy  are  calculated  and  oath 


attenuewna  at  15  3 GHt  derived  Generally  good  agreement  between 
rediomatet  predicted,  radar  predicted,  end  directly  measured 
anenuttiona  it  obtained  Author 

N71.21A30||I  Meu  Plaock  lnstilui  fur  Aeionomie  bndiu  ubei 
Northeim  iWett  Germany)  Abtailung  Waliiaumphysik 

INFLUENCE  OF  THE  TROPOSPHERE  ON  LOW  INCIDENT 
SATELLITE  SIGNALS  IN  THE  RANGE  OF  WAVELENGTH 
16  TO  2 Its 

G K Hartmann  In  AGARO  Tropospheric  Radio  Wave  PiopagalKXi 
Pt  1 Feb  1971  11  p (See  N7  1-2  1409  10  07) 

Avail.  NTIS 

■•iie  amplitude  ol  tadio  signals  from  the  beacon  satellite 
Explorer  22  has  been  recorded  since  November  1964  for  the 
purpose  of  obtaining  the  ionospheric  electron  content  from  the 
Faradav  effect  On  a considerable  number  of  occasions  when  the 
setetlile  was  at  low  elevation  angles  sudden  increases  in  signal 
amplitude  were  observed  Detailed  investigations  show  that  these 
enhancements  are  the  results  ol  diflractions  of  the  radio  waves  by 
strucluers  within  the  troposphere  These  effects  were  observed  on 
20  MHj.  40  MHi  41  MHj  and  136  MHj  Detailed  investigations 
ol  Explorer  22  records  Iroit  1965  1968  revealed  that  about  6% 
ol  all  recordings  showed  these  tropospheric  ellecis  Very  recent 
observelions  with  signals  Iron-  the  geosiaiiona'y  satellite  ATS  3 on 
137  350  MHr  and  41  2 05  MHr  deaily  demonsbated  that  similar 
effects  were  detectable  Author 

N71-2142l||l  Forschungsinsl-lul  luer  Hochlrequenjphysik  Bonn 
(West  Germany) 

TROPOSPHERIC  PATH  PARAMETERS  WITH  MULTIPLE 
ACCESS  SYSTEMS  IN  SPACE  COMMUNICATIONS 

H J Albrecht  and  R Makaruschka  M mGARD  Tropospheric 
Radiu  VVaye  Propayaiiun.  rat  t Feb  iS7l  19  p Sponsoreo 
by  Mm  ol  Oalehce  Fedeial  Rep  of  Ger  iSee  N7 1 2 1 409  (0  071 
Avail  NTIS 

Design  aspects  lor  oplimued  multiple  access  systems  with 
reference  to  variable  tropospheric  conditions  aro  discussed  Faru.-.ular 
mention  is  made  ol  frequency  division  multiple  access  (FDMAl. 
time  division  multiple  access  ITDMA),  and  code  division  multiple 
access  (DCMA)  The  noposphenc  parameters  which  ara  likely  to 

influence  the  choice  of  Ihe  multiple  access  systen-.s  cs  k-i  instance 

turbulence  with  vanable  turbulence  charac'e-isncs  layer  like 
occurrences  in  the  lower  and  upper  iroposp''ore.  an  : effects  of 
ground  inversion  layers  are  described  In  each  case  trie  dependence 
ol  the  tropospheric  paih  links  upon  the  cffeC'..ve  eievaiion  ang'e 
ol  operation  IS  considered  a maior  criterion  Author 

N71  21422»  Air  HOECe  Sys(ems  CofTimand  Wnghi-r^aiiersO" 
AFB  Ohio  Avionics  Lab 

THE  EFFECT  OF  THE  PROPAGATION  MEDIUM  ON  HIGH 
DATA  RATE  TRANSMISSIONS  AT  LOW  ELEVATION 
ANGLES 

W T Hunt  /n  AGARD  Troposp oeric  Radio  Wave  Piopagalion. 
Pi  1 Feb  1971  9 p refs  iSee  N7l  214C9  10  07) 

Avail  NTIS 

A radio  wave  passing  through  a lu-bule'-*  oropxgat:on  ..lediuni 
Such  as  the  troposphorc.  suffers  O'stDrt  ons  wh.  -h  are  eduivalent 
lo  the  genaraiion  ol  new  signals  or  propagv'^tion  medium  npise  The 
deanad  stfnal  will  be  rnoduiated  causing  unwanted  no'se  and 
erroneou'  mte: pretat lon  of  the  recieved  sivjnals  This  problenn 
mcfeases  greatly  when  one  or  botf.  tern^inals  ere  movir.j  .apidly 
through  turbulent  mediu  fhe  probler.i  is  greatly  riccentuated  ai 
elevation  angles  ofinss  tl^gn  lOdegm.'s  because  of  the  longe'  path 
the  Signal  has  to  ti  /el  through  the  troposphe>e  and  because  of 
mulitpaih  eHects  Aircrah-to  ground  tests  at  S band  frequencies 
utilizing  a 2bU.OUO  bti.'sec  rate  and  sdieHite-to  cfOund  i^sts  at 
X-band  frequencies  have  been  conducted  at  bandw:dths  of  0 MHz 
These  la^la  are  described  and  some  of  the  results  ere  summarized 

Author 
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N71-21423||I  RsJio  and  Space  research  Station  Slough 

(England! 

EFFECTS  OF  TROPOSPHERIC  LAVER  STRUCTURE  ON 
PROPAGATION  AND  SIGNAL  DISTORTION 
J A Lane  In  AGARO  Tropospheric  Radii.  Wave  Propagation.  Pi 
1 Feb  1971  ’4  0 fefs  (See  N71-21409  10-07! 

Avail  NTlS 

The  nature  of  elevated  layers  of  large  vertical  gradient  of 
refractivitv  m the  troposphere  is  discussed  In  c^dditicn  to  earlier 
obseivations  with  refractomeiers  on  aircraft,  riuch  important 
informatK>n  has  been  obtained  with  baUoon-bome  instiumenii.  optical 
radar  (hder).  acoustic  radar,  and  centimeter  radar  of  hi^th  resolution 
Some  deg  ee  of  stratification  m the  first  levy  kihmeters  above 
ground  i$  now  known  to  be  relatively  common,  but  the  precise 
effect  of  such  stratification  on  signal  strength  fading  characienstics 
Doppler  spect-'iiM.  dvdii^b'e  bandwidth  space  diversity  and  gam 
degradation  has  been  investigated  m relatively  few  investigations 
The  significance  of  dynamic  stability  is  discussed  end  recen> 
experiments  of  special  importance  are  reviewed  m relation  to  those 
results  which  are  especially  relevant  to  the  pi^ysicai  nature  of  layer 
structure  and  theoi-.^s  of  turbulence  Author 


N71  21424^  E nvironmental  Science  Services  Administration 
Boolder.  Colo 

REFLECTIONS  FROM  ELEVATED  LAYERS  IN 
TRANSHORIZON  RADIO  PROPAGATION 

Gordon  0 ihayer  In  AGARO  Tropospheric  Radio  Wave 
Propagation,  Pt  1 Feb  1971  14  p refs  iSee  N7  1 -2  1 409  1 0-071 
Avail  NT!S 

(Computations  of  the  power  reflection  coefficient  R for  some 
tropospheric  elevated  layers  observed  woh  *ad«o  refractomeiers 
show  that  ’.he  mean  H varies  Kuctuation  values  from  the  chi  to  the 
minus  1 power  dependence  with  standard  deviations  of  from  3 to 
14  db  depend  on  the  degree  of  smoothness  assumed  m predicting 
a scatter  m the  wavelength  dependence  as  obtained  from  scaled 
froQuency  diversnv  transhon^on  radio  eiperm.ents  The  mean 
wavelength  dependence  derived  'rom  the  chi  to  the  minus  1 power 
model  and  the  exact  value  depend  on  assumptions  about  the 
horiiontal  dimensions  of  individual  layers  compared  with  the  sue  of 
the  Fresnel  iones  Published  results  md.caie  that  the  atmosphere 
consists  of  a mixture  of  large  and  medium  layers  The  landomness 
of  the  chi  dependence  of  real  iropospher.:  (avers  makes  n diff-cuir 
tc  sepa  jte  layer  and  turbulence  mechanisms  m radio  propagation 
cxpenmenis  Author 


N71-21426e  Saarland  Univ  Saarbrucken  [West  Germany)  Inst 
for  Applied  Physics  and  Electrotechnology 

PROPAGATION  OF  AN  ELECTROMAGNETIC  PULSE  IN  A 
DUCT  BETWEEN  GROUND  AND  ATMOSPHERIC  LAYER 

K J Langenberg  In  AGARO  Tropospheric  Radio  Wave 
Propagation  Pi  1 Feb  1971  I3  p refs  i See  N7  1 2 1 409  1 0 07i 
Avail  NTlS 

The  influence  exerted  onto  an  electromagnetic  pulse  by 
an  atmospheric  surface  duct  is  studied  based  on  a duct  model 
consisting  of  a llyer  of  relative  oremitlivily  Overlying  an  infinitely 
conducting  plane  earth  At  the  height  h this  permittivity  decreases 
discon; inuOusly  to  the  value  epsilon  sub  2 The  source  of  the 
electromagnetic  field  «o  assumed  to  be  a vertical  magnetic  dipole 
above  the  surface  of  the  earth  with  arbitrary  li.Tie  varying  moment 
The  apphcaiion  of  a Hankei  transform  of  zero  order  leads  to  an 
rntegrol  represeniation  of  the  Fitzgerald  vector  m the  imaging  space 
of  a Fourier  transform  describing  the  received  sigrial  at  some  point 

•o  • r-y  I inrlr  If  el  coorritner®  ^yctem  Tho  Fi^unor  fran^lOffn 

of  ihe  modal  expansion  is  calculated  approximately  by  the  method 
of  stationary  phase  givmg  a clear  picture  of  the  characteristics  of 
an  incoming  sig.ial  with  the  aid  of  the  group  velocity  concept 

Author 


N71-21426ik  Radio  and  Space  Research  Station.  Stough 
(Englarid! 

TRAN8HORIZON  PROPAGATION  STUDIES  AT  VHF  AND 
UHF 

M P M Hall  In  AGARO  Tropospheric  Radio  Wave  Propagation. 
Pi  1 Feb  1971  10  p refs  (See  N7 1 -21 409  10-07) 

Avail  NTlS 

Measurements  made  to  examine  propegation  modes  producing 
conatderabie  signal  enhancement  over  the  lor^g  term  median  on  a 
VHF  transhoriirm  path  are  discussed  Meteorological  measurementa 
war#  made  near  the  path  center  using  a speciatly  made  radiosonde 
beneath  a tethered  balloon  Two  examples  are  considered.  On  one 
the  propagation  mode  changed  twice  withm  three  hours,  on  the 
Okher  the  propagation  mcKje  remained  constant  deapite  a steady 
drop  in  signal  of  10  dS  Author 

N71-21427#  Hambu'Q  Univ  (West  Gi>*  nany)  Meteorological 
Insi 

PnOPAQATION.  IS  OHi  AND  17  OH*.  ON  A 

tmanshorizon  path  over  sea 

H Juke  In  AGARD  Tropospheric  Radio  Wave  Propagalion.  Pt 
1 Peb  1971  10  0 refs  (See  N7 1 -2 1409  1 0-07) 

Avail  NTlS 

Tranarmssion  meesuremenis  were  carried  out  on  transhonaon 
oaths  over  sea  et  wave  lengihs  of  1 8 cm  end  4 4 cm  Oprinj  the 
experiments  the  radio  field  strengths  and  the  meteorological  date 
for  the  determination  of  the  propagation  properties  were  recorded 
simulteneouslv  Trie  dominating  feature  of  C band  propagation  ovar 
sea  IS  ducting  by  a permanently  eiisting  low  level  evaporation 
duct  The  theoieiical  and  experimental  dependence  of  field  strength 
on  the  thickness  of  this  evaporation  duct  is  discussed  The  duct 
mechanism  is  clearly  identified  Only  occassionally  iin  about  1S% 
of  time)  the  stratification  of  higher  layers  becomes  p'edominant. 

Author 

N71  21428|Ii  Hamburg  Univ  (West  Germany)  Inst  for 
Radiometeoro)09v 

0UCTINFLUENCE80N  LINE  DF  SIGHT  PROPAGATION 

H W Ffuechtenichi  m AGARD  T'oposphetic  Radio  Wave 
Pfopagation,  Pt  1 Feb  1971  9 p ISee  N7l  21409  10-07) 

Avail  NTlS 

The  influence  of  Surface  ducts  on  line  of-spght  propagation 
of  electromagnetic  waves  is  invest'gaied  by  model  calculations  The 
theoretical  considerations  are  based  on  ray-tracmg  techn.ques  A 
linear  parabolic  md  a logailhmic  profile  as  well  as  a 
two  layer-model  and  a three-layer  model  are  employed  to  calculate 
the  total  field  Obviously  only  ihn  beam  reflected  at  the  surface 
of  the  earth  gives  riso  to  a conci  Miration  of  the  electromagnetic 
energy  msidc  a lube  like  structure  near  the  ground  The  existence 
of  the  Surface  duct  ho  vever  is  l»y  no  rnean$  sufficient  for  the 
development  of  the  focusmg  effeci  the  surface  of  the  earth  is 
necessary  as  additional  reflector  The  theof'ticai  dependence  of  the 
Signal  strength  on  th?  duct  thickriess  according  to  a three  layor 
model  corresponds  with  the  experiment  Author 


N71-2142Ra  Resnarch  insi  of  National  Defence  Stockholm 
(Sweden) 

BEYOND  THE  HORIZON  PROPAGATION  OVER  SEA  AT 
170  AND  6000  MHz 

F Ekiund  A BlomguiSt  and  L Nilsson  In  AGARO  Tropospheric 
Radio  Wave  Propagation  Pat  1 Feb  1971  6 p (Gee  N71 -21409 
10  07) 

Avail  NTtS 

Investigations  of  anomalous  propagation  have  baen  made 
at  170  end  SOOO  MHz  over  a sea  oath  in  the  Baltic  urea  of  such 
a length  that  the  receiving  antennas  were  well  beyond  tho  radio 
horizon  The  received  s'gnals  are  separated  mto  the  following 
types  standard  atmosphere  signals  'tropospheric  scatter  signal) 
stable  and  r>ot  stable  signals  caused  by  ducting  or  reflections  m 
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elflvtied  layers  A comparison  of  the  occurrence  of  different  signal 
types  as  a function  of  the  time  of  the  year  is  given  The  signals 
at  170  and  SDOO  MHi  are  often  noncorrelated.  which  indicates 
that  the  propagation  is  governed  by  different  mechanisms  The 
conclusion  i$  drawn  that,  with  regard  lo  piopagetion  forecasting,  it 
IS  of  special  importance  not  only  to  predict  the  occurrence  of 
elevated  layers  but  also  their  effects  at  different  frequencies 

Author 

N71-21430#  Stanford  Uruv  . Calif 

'TROPOSPHERIC  INFLUENCE  UPON  DIFFRACTION  PATHS 

A T Waterman.  Jr  !r.  AGARD  Tropospheric  Redio  Wave 
Propagation  Pi  1 Feb  1971  6 p refs  {SeoN7i  21409  l''^07l 
Avail  NTIS 

Tvvr'  cha  acienstics  o*  diffr.^ciion  paths  are  emphasised  as 
niteris  lor  distinguishing  rhem  from  other  prouagaiion  paths  the 
presence  of  a physical  obstacle  obstructing  the  ime  of  sight 
between  ironsminu  . nd  receiver  and  the  relatively  slow  fluctuation 
rale  evident  m me  received  signal  The  iroposphr-.e  affects  s«rnai 
chardcieristics  m a variety  of  wavs  nut  all  of  whicn  are  distinct 
and  separable  Tropospheric  scatter  is  a corrpetmq  effect  when 
conditions  are  right  tor  n lo  predominate  the  orimar,  result  iS  a 
marked  increase  in  fading  rate  Strjngly  refracting  vertical  gradients 
of  refractive  index  effectively  change  me  elry  of  the  path 

making  the  appare-u  obstacle  height  greater  or  less  and  shifting  me 
regions  ■!'  iminaied  by  narrow  beam  antennas  Phase  perturbations 
at  the  diffracting  aperture  influence  thi  correlation  between  spaced 
antennas  and  thus  the  optimum  spacing  Ig:  diversity  recepl  on 

Author 

N71-21431*  forsrhunqsinstitut  luer  Mochfruquen/physik  Bonn 
iWesi  Germar.',) 

vhf  propagation  measurements  on  mixed 

DIFFRACTION  SCATTER  PATHS 

R Menzel  and  Kh  flosenbach  ir.  AGAriO  Tropospheric  Rad'O 
Wave  Propagation  Pi  l Feb  1971  10  p ‘els  Sponsored  by 

Mm  of  Oeferice  Federal  Rep  o(  Gcr  t See  N 7 1 2 i 409  10  071 
Avail  NTlS 

Variations  oi  diffraction  imk  characteristics  are  analyzed 
with  respeC  io  changes  m relative  effects  of  rufl.-act'or^  and  scatter 
compcherits  and  .jue  to  vari  ble  meteoroioqic.ii  conditions  A basic 
signal  analysis  is  undertake!  and  it  is  shown  iiiai  the  expected 
received  signal  consists  of  thiec  components  a ■'<  fhaciion  a scatter 
and  a refleci  on  component  Expurimen'.di  d:,i3  .'lis..ossed  deal  witri 
rwo  main  pomts  1 1 i an  explanation  of  the  va"a*ions  <>l  the  average 
received  basic  signal  lev  :i  of  (Ois  iirik  and  '2-  i»r-  ir'ti.Tpretat'on  of 
occdsionailv  occurmq  fading  The  variations  oi  iti'*  average  received 
basic  level  of  this  mixed  Imk  correlrj  very  cio’^eiy  wii“*  the  variations 
of  the  ground  temperature  A seasonal  and  i*urnal  e'h-ci  was 
Observed  •'*  good  co  relaiion  vvas  found  between  ladmg  penods  the 
presence  o'  urrer  or  lov«er  inversion  layers  and  spec  ai  wind 
characteristics  as  defined  b>  direction  and  veioc't-.  Author 


N71-2l432ilr  Saarland  U uv  Saarbrucken  ‘West  Germany*  Inst 
for  Applied  Physics  and  Eieciroiecfinoioqv 

METHOD  CF  CALCULATING  PROPAGATION  OF 
ELECTROMAGNETIC  WAVES  IN  AN  INHOMOGENEOUS 
ATMOSPHERE  ABOVE  ROUGH  GROUND 

XIaus-Oieier  Becker  ,n  AGARO  Tioposphenc  Radio  Wave 
Pfooaqanon  Pt  1 Pebl97l  1 0 p i Ser- N7  l 2 l 409  1 0 07 
Avail  NTlS 

It  IS  shown  that  the  no»turbal'on  meir'od  for  ca^coiafing 
the  influencp  of  rouq-mr>s  o<  trm  earrti  on  Mm  n'f>naq;Tlion  ol 
electromagnetic  w:;ves  is  also  appin  atiie  n the  case  of  an 
mhomogoneous  «itmo'.0heri;  The  ‘netlio'l  iis»!if  -s  'loscnberl  m two 
steps  The  ^.uiulions  of  Max-.^eH  s er^uai'.n'-,  Uj>  jr  ii’tiO'”ocj»:i'eous 
3trnrKc,fiere  dr»-  lonrul  l.-y  a rnetl'.r’  i which  |f'0  {Kotilpni  to  the 

solution  of  two  rnodilierl  v.dv*.-  tijuatiOu  Tr-i-^i-  can  be*  formally 


solved  by  the  two-sided  two  dimensional  Fourier  transform  The 
transition  conditions  on  (he  rough  surface  of  (he  t-a  th  are  fulfilled  by 
making  a Taylor  s expansion  for  the  total  field  m the  rough  surface 
and  by  taking  lo  accour^i  the  perturbation  formulation  for  the 
total  electromagnetic  field  The  now  transition  conditions  and  the 
radiation  condition  ot  Sommerfeid  and  Muller  lead  to  a system  of 
mitegrai  equsi.ons  for  the  reflection  and  transmission  coefficients 
of  the  disturbed  electromagnetic  field  Author 

N7t-21433i|i  Centre  National  d Eludes  der-  Telecommunications 
Is;  V les  Moulineaux  (Franccl  Dent  EST  'EFT 

INTERMODULATION  AND  FADING  DURATION  DUE  TO 

p:^opagation  (long  wideband  communication) 
Iintermodulation  et  duree  desevanouissements 

OUS  a la  propagation  (LIAISON  LONGUE  ET  A LARGE 
bandeH 

G H Lefrancois  In  aGaRD  Tropospheric  Radio  vVave  P.opagation 
Pi  1 Fob  19  71  17  p icf  in  FRENCH  (Sec  N7  1 2 '409  10  07) 
(ONET  NT  ESr  APH  i)  Avjm  NTlS 

The  inicrmodulat  • ncise  dimnii  propacjl  O'*  of  a comjuiatioo 
he:i/ian  beam  at  6 GH/  jnd  a wiflebai- ^ ’32  MH/i  is  evaluated 
stdliSlM'dllv  for  duration  and  depth  of  'ddinq  m order  lo  Clarify  the 
effects  of  these  phenomena  m ;»  -aio  j and  numerical  modulal»jn 
Obtained  measu»emenls  shr.v  iha'  nieriiiodulahon  noiSe  at  median 
oower  becomes  neo’  gibie  before  O'-e  mir.uie  because  of  the 
rl*  velnping  therr*  none  as  soo>i  as  fad'hci  oasscs  beyond  10  db 
therefore  ‘he  no»se  not  deloc'ed  durir.u  rjUi’liiaiive  analysis  of 
the  rc.nbined  propatjation  Ou'anon  yf  lad-nq  ‘ollows  the  normal 
‘oqariihn.ic  queoradic  larn  mtiepen-ient  of  depHi  Transl  by  G G 

N71  23451  i G'O'jp  tc:  As  oip;cc  P.^^saich  ir,<S 

Development  Pans  ifiancei 

TROCOSPHEfllC  RADIO  WAVE  PROPAGATION.  PART2 

Feh  Ift71  366  p lels  Coni  held  at  Ouessaldorf  31  Aufl  4 
Sep  1970  Mostly  m ENGLISH,  partly  m FRENCH 
lACiARO  CP-70-7  1)  Avail  NTlS  HC  56  00,  MF  $0  96 

The  et*ei;ts  ol  uoposohenc  medium  charactenshes  on  lartio 
liansmissioh  aie  repoited  Paiamelers  ol  tioposphenr  scatter 
piopegetion  and  nopospheric  p-opagation  predictions  a-e  considered 
For  individual  titles  see  N7  1 ■23452  through  N ‘’I  -23474 

•471  234624  Rome  Univ  (l‘2Jy)  Electronics  Insi 

PROPAGATION  EFFECTS  OF  A VARIABLE  SCATTER 
MECHANISM 

Giovanm  d Auna  In  AGARD  Tropospheric  Radio  Wave  Propagation 
rerj  \ reb  197)  16  p rets  iSceN7l  2j4Sl  12-0/' 

Avail  NTlS  HCS6  00  MFS0  95 

The  scattering  of  electromagnetic  waves  determined  b 
the  refractive  index  irregularities  of  the  troposphere  is  reviewed, 
bearing  m mind  its  effects  m radio  propagation  The  mathematical 
formulation  of  the  problem  is  briefly  recalled  both  for  reference 
purposes  and  in  order  lo  emphasiie  the  meaning  of  the  hypotheses 
generally  assumed  Particular  attention  m irus  survey  is  givan  to 
experrmen^al  researches  contributing  to  a better  understanding  of 
the  iropoaphenc  scalier  mechanism  Author 

N71-23463#  Stanford  Univ  Cahl  Electronics  Labs 

ANGLE  AND  DOPPLER  MEASUREMENTS  OF  THE 
SPECULAR  SCATTERED  COMPONENTS  OF 

TRANSHORIZON  MICROWAVE  SIGNALS 

N'Cholas  Cianos  and  Alan  T Waterman  Jr  In  AQARO 
Tropospheric  Radio  Wave  Propagation  Part  2 Fob  1971  13  p 

refs  iSee  N71-?34bl  12  07i 
iConiraci  DAAB07  70  C 01381 
Avail  NTlS  HCS600/MFS0  95 

A summary  and  mierpfetCtiOri  cl  propagation 

experiments  at  3 2 GH/  over  a 164  km  il02  miiesi  path  using 
a modified  veiiical  12  element  data  gathering  /jiray  and  receiving 
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tystttfn  IS  presoni6d  The  rne#^'."«o  arnplitude  end  '/fiese  data 
facOfdad  by  iha  amenn-  erray  afe  processed  lo  rVjin  the  a^^ay 
angulif  fvsponsesuttcrns.  and  the  signal  amplitude  d sinbulions  and 
Oopplar  sroctra  Tho  ra  ;io  data  are  supplamente''.  wi»h  refractivity 
end  lemperature  profiles  The  occasions  when  strong  layers  are 
present  are  revea' jd  not  only  *5y  the  meteoroir  jical  profiles  but  also 
by  the  transho'.ion  signal  Author 

N71 -23464#  Air  Force  Cambridge  Research  Labs  . Bedford.  Mass 
COMPARISON  OF  TURBULEN*:  LAYER  MODELS  AND 

HIGH  RESOLUTION  FORWARD  SCATTER  RESULTS 

Uva  H W Lammers  ard  John  'V  B Day  (Commun  Res  Centre^ 
In  AC.ARj  Tfoposphenc  Rar  o Wave  Propagation.  Pan  2 Fab 
197  1 9 p refs  (See  N71  2'451  1 2-071 
Avail  NT'S  HCS6  00,  MF*0  95 

The  theoretical  '«solution  of  a long  range  scanning 
forward-scatter  system  nas  been  studied  assuming  narrow  layers  of 
homogeneously  turbulent  refractivity  for  the  tropospheric  height 
range  from  5 10  ’ o km  Trooosphenc  composition,  as  determined 
experimentally  rough  high  resolut  on  mappif>g  techniques  witi'.m  the 
same  regime  <s  analyied  for  i?'  spatial  and  temporal  significance 
The  results  indicate  that  a horizontal  orientation  frequently  exists 
in  the  ivP^^  tropospheri-  stfu^w-v's  Hov.ever.  this  is  not  the 

genera'  case  Basad  on  rh<j  common  volume  resolution  and  the 

rang  V of  if'ie  *ropnspnere  monitored,  layers  have  been  found  to 

ex. end  from  20  to  100  km  and  in  i^re  cases  up  to  200  km 

/xiih  ve.cical  widths  from  the  resolution  l.mit  iu  7 km)  to  several 
h'tometers  On  the  average,  the  turbulent  homogeneity  of  the 
scatltrir.g  medium  is  spatially  and  temporally  qu«re  limited, 
particulariy  in  the  vertical  direction  Author 

N71-23456#  S.'..T.bi;:3  U.-;:'.'  ;'.‘.cc!  Go.-rr2-v!  I't! 

Radiometeoroiogy 

OBSERVATIONS  WITH  SYNCHRONOUSLY  OFFSET  BEAMS 
ON  A 77  km  PATH  AT  1 6 AND  4 4 cm 

H 0 Seehars  In  AGARO  Tropospheric  Radio  Wave  Propagation. 
Part  2 Feb  1971  10  p (See  N71 -23451  12-07) 

Avail  NTIR  HCS600/MFS0  95 

Radio  experiments  on  transhorizon  links  due  to  variations 
of  the  wavenumber  vectors  or  displacements  of  the  constant 
wavenumber  vectors  m space  indicate  the  vanations  of  the 
wavenumber  spectrum  Results  of  these  experiments  on  I 8 ana  4 4 
cm  wavelengths  point  tc  shapes  of  rclractive  index  wavenumber 
spectra  that  show  a strongly  marked  variance,  but  indicate  a 
median  value  close  to  113  corresponding  to  the  theory  of 
Megaw- Obukhov  The  test  of  the  homogeneity  lead'  to  an 
inc<ease  of  the  vertical  and  horizontal  nomogenehy  with  decreacir-g 
wavelength  Experiments  on  4 4 cm  point  to  a vertical  inhomogoneity 
of  about  1 db.-'lOO  m Isoiropv  tests  applied  have  demonstrated 
ihat  theie  exists  a weak  anisotropy  of  turbulence  which  is  not 
dependent  on  the  frequency  Author 

N71  23466.#  Imperial  Coll  of  Science  and  Technology  London 
(England) 

A STUDY  OF  THt  .FFECTS  OF  TROPOSPHERIC  AIR  MASS 
MOVEMENTS  ON  THE  FADING  CHARACTERISTICS  OF 
UHF  TRANSMISSION  BY  THE  USE  OF  A LABORATORY 
MODEL 

W G Burrows  !r  AGARO  Ticoospheric  Radio  Wave  Propagation 
Pan  2 Feb  1971  16  p reis  (See  N7  l -2346 1 12  07) 

Avail  NTIS  HCS6  00/MFS0  95 

Va  nous  types  of  fading  charactenstics  obtained  from  a 
noo-opticai  UHF  I'Ok.  are  s.mulated  m a simple  laboratory  model 
Tha  fading  characteristics  obtained  from  both  the  real  full  scale 
system  ano  the  moUei  are  descnlwii,  fur  iiie  puipu«j  uf  cuf*ipdri»o»-  by 
their  power  Spectra  Results  are  given  to  show  that,  by  compj  mg 
the  8ir  mass  movements  created  m the  laboratory  model  to 
produce  a particular  type  of  fading  and  those  which  might  exist  for 
the  particular  meteorologmal  conditions  under  which  similar  fading 


characteristics  were  obtained  for  the  real  fui>  scale  system,  surface 
wmd  velocity  is  a significant  parametor  Thi$  lesult.  together  with 
the  unusual  observations  of  a:<  mass  movements  m the  m>,del. 
suggests  that  near  surface  circulatory  air  mass  movement  along  a 
tropospheric  path  can  give  rise  to  significarti  distortion  to  the 
shape  of  the  transmitter  beam  This  leads  to  the  conclusion  that 
iranshorizon  propagation  in  the  tropospheric  medium  may  be 
attributed  to  the  effective  divergence  of  a beam  due  to  air  mass 
lenses  distributed  along  a given  path  Author 

N71-23467#  Federal  German  Post  Office.  Darmstadt  (West 
Germany)  Research  Inst 

methods  of  distinouishino  scatter  and  partial 

REFLECTION  AT  TROPOSPHERIC  TRANSHOBIZON  PATHS 

L F«hlhsbet  m AGARO  Ttoposphefic  Radio  Wave  Propagation 
Part  2 Feb  1971  14  P 'ds  'See  N71  23451  12  071 
Avail  NTIS  HC$600/MF$0  95 

Two  oisiinct  theories  o(  tropospheric  transhomon  propagation 
have  been  set  up  during  the  past  yea  s Scattering  by  random 
rolraclivity  (luciuoiions  and  partial  reflection  liom  layer  litre  '...uctures 
More  recent  investigations  showed  that  both  n'c.,nanisms  e«isi 
simultaneously  with  varying  share  and  tha-  '.Ins  share  depends  on 
frequency  distance  altitude  of  the  layer  and  on  the  state  of  the 
troposphere  In  order  to  mvostigete  the  problen.  of  the  sharing  of 
the  two  rnechanisrna.  a simplified  model  of  pa'hal  reflection  has 
been  rteri.on  tatting  into  account  known  troposnheiic  parameters 
This  model  has  been  worked  out  numerically,  and  it  has  been 
found  lo  agree  well  with  empirical  data  From  the  results  ii  can  be 
inlered  that  partial  reflection  from  finite  patches  of  steep  refiactiviiy 
gradients  prevails  with  frequencies  up  to  200  MHt  With  the  higher 
frequencies  scattering  seems  to  predoir.inale  at  all  path  lengths 
eicep;  the  very  short  ones  Author 

N71 -23468*  Federal  German  Post  Office  Darmstadt  (Wesi 
Germany!  Researc*  Inst 

OBSERVATIONS  ON  A 12  GHt  SCATTER  LINE  OVER  A 
210km  PATH 

N Abel  In  AGARO  Tropospheric  Sadio  V\avc  Piopagalion  Part 
2 Feb  1971  9 p refs  ISeeN/  1 23451  12  071 
Avail  NTIS  HCS6  00.  MFS0  95 

Knowledge  on  iransho'rton  propagahon  at  iiequenc-es  above  1C 
*jH.  IS  important  in  radiocommun'cai'ons  wheneve'  transhoriton 
links  are  used  or  problems  of  mieileience  between  different  radio 
systems  must  be  solved  Some  Insi  results  from  about  one  year 
of  observations  on  a 12  GHz  link  ovei  a 2 10  km  pa.h  are 
presented  In  certain  cases,  signal  types  anubute'l  to  tropospheric 
scatter  partial  relleciions  or  aiienjalion  and  scaMenng  by 
precipitation  are  distinguished,  although  the  esact  snare  of  mese 
propagation  efiecis  was  not  vet  determined  Trnposphenc  scatter  >,  far 
prevails  and  thus  determines  the  mean  transmission  loss  relative 
to  free  space  whicii  was  found  to  agree  wen  with  predicted  values 
and  seems  to  be  some  drcibels  smaller  than  at  2 GHz  on  a similar 
link  A coiielaiion  ensts  between  transmission  loss  and  aimospheric 
lemperatuie  near  the  scattering  volume  Author 

N71  23469a  Marconi  Co  Ltd  Great  Baddow  lEnglandi 

Research  Latis 

ANGLE  DIVERSITY  APPLIED  TO  TROPOSPHERIC  SCATTER 
SYSTEMS 

M W Gough  I'-  » GARO  Tiopospheric  Radio  Wave  Piopaganon 
PaM  2 Feb  1971  16  p *efs  (See  N 7 1 -2346  1 1 2 07) 

Avail  NTlS  HCS6  00.  MF  SO  95 

Ihe  qenerdiion  of  subsr jniiaiiy  independent  signal  paths 
over  a iroposphenc  scatter  imk  by  direciinq  two  or  mO'e  nanow 

C"  *ri  tKo  I f/-ipncrihof  «■>  meknc  an 

dtuaciive  aliernativp  to  suace  divi-'sity  The  above  (actors  are 
discussed  and  evaluated  with  the  aid  of  a pubiis.ied  theoretical 
Ireaiment  of  uuposphenc  scaMenni)  wtucti  is  well  si::. ported  by 
experiment  and  careful  consideration  is  given  tn  ;he  ■ .fiuence  of 
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a!.T.o„pneric  Idv^ring  It  is  shown  how  the  aggregated  losses 
enumerated  at>ove  may  be  minimised  for  a specified  angle  diversity 
system  Dy  coriect  Choice  of  horn  feed  dimensions  ;n  relation  to 
a coiivaniional  paraboloid  reflector  Various  two  way  angle  diversity 
system^)  mvoivir'g  quadruple  and  sm  fold  diversity  are  evaluated 
and  the:r  optimised  performances  are  compared  with  that  of  a 
conventional  space  ' frequency  cjuad'uple  diversity  system  using  four 
antennas  p^r  Imk  of  like  si/e  Author 


N7V  234604  Saarland  Ur.iv  . Saarbrucken  (West  Germany)  Inst 
f.v  Applied  PhysiCS  ar^d  Electronics 

oepolari2at;on  of  dipole  radiation  in  a medium 
WITH  A statistically  HOMOGENEOUS  ANO 
ISOTROPIC*  DISTRIBUTION  OF  OIELECTRIC  CONSTANT 
W r.iohf  In  AGARD  Tropospheric  Radio  W'ave  Propagation  Part 
2 ffo  197  1 10  p refs  .See  N7  1-2J4S1  12  0?- 
Avail  NTiS  HCS6  00  ME  SO  95 

The  solutions  of  tne  vector  wave  eqijation  v.ith  a Hertzian 
dipQle  as  source  term  a.-e  considered  m a medi-jm  with  stat-sticallf 
homogeneously  and  isolrap  caHy  fiucluat.f'g  pernutiivity  Fo'  the 
two  limits  wavelength  much  greater  or  mtjrh  srnaller  tnan  tt»e 
correlation  length  of  the  fluctuations  the  autocorrelation  function  of 
tne  depolan/ed  part  of  ir.e  field  's  calculated  Dy  appio-matior. 
r.iethod-.  The  limit  ol  srr.all  wavelength  is  treate  1 by  the  perturpaiion 
itiethod  m the  hrr..t  of  great  vsiveiengih  a rer-ormali^ed  dyadic 
(jreen  s I jnr.tion  n used  to  caictiijie  iMn  f.ist  term  of  the  Staircase 
appro*'maiion  lo-'  the  Berne  SaiptMer  equah  'n  The  physical  aspects 
of  the  fort'i'jlas  are  discussed  Author 


N71-234S1*  Saarlantj  u Sartt^  u.korv  '.Vest  Germany  insi 
for  Applied  Physics  and  Elei  t'oriics 

EFFECT  OF  VEGETATION  UPON  ANTENNA  PATTERN 
WITH  SCATTER  PROPAGATION  ON  UHF 

R ^fapti  In  AGARO  Tropospheric  Radio  Wave  Prouagaiion  Pan 
2 Pee  1971  7 p refs  -See  N7I  23451  12  07, 

Avail  NTlS  HCS600  VIP  SO  95 

pati'rrn  of  an  antenna  radiati'ig  wit'i  a srT'aii  eievatiQiT 
angle  as  used  m scatter  propagation  is  (ji‘,!u..>e.'i  scatteri''g  of  the 
fie'd  at  the  vegetal. on  of  the  ante-mas  for«qioiind  The  vegetation 
can  be  regarrled  a . a ccnfirju; jt«cn  of  raudoml-,  di-.trihuted  s-atio'ers 
wilh  raridom  scDltc;ing  properties  Tt;e  irregula'  n.qtion  of  the 
vegetation  caused  by  wind  learls  ir^  si.Tuirjr  farjmg  arid  rieooiaf'^afO  ' 
of  the  transmitted  field  as  kt^own  f«qrr.  iiopO^puenc  >cdlie' 
p-opagaiion  Tr<e  sraiie'ers  are  .lo-,;fii>j-d  by  ihe.»  .diele  .tn-:.  crioslar'iv 
Using  tr»e  perturbahon  expansiori  sene-'  art  dnnved  for  the  average 
value  'rf  the  fiehJ  The  formai's-u  reya-rJ-?  me  ,cat»e'Od  hekf  av  a 
• uperp-MSition  of  all  the  lirld^,  ^ diie-ed  from  ea-.fi  s-att'^rer  of  a 
li«ed  configiuation  The  concept  ol  randomness  '.-quires  averages 
lo  be  taken  over  a statistical  ensemble  o'  scaitorer  confi  . at-or.s 
Their  multidimensional  prubibilny  distribution  ii>  'e  enpr- ' seo  in 
terms  of  the  one  scanenjr  ois;  ibutiono  so  as  lo  iak»  ac-mum  ul 
coherent  scattering  Author 


N71  23462*  Michigan  Stain  Umv  East  Lansing 

CONTROLLABiLtTV  AND  SOLVABILITY  OF  THE  WAVE 
PROPAGATION  IN  TROPOSPHERE 

M Z V Kaiywobio'.-'.i  /i  AGARO  Tropospfie'ic  Radio  Wave 
Propagation  Part  2 Peb  197  1 12  p rels  rSf?"  N7l  23451 

12  071 

Avail  NTIS  HCS600  MFS095 

I rie  luniiarnentai  concepts  oi  trie  trieury  of  optmn/aiion 
a.id  conifollabilily  are  fevewpr)  a-nJ  ap[)lie<l  to  trie  systen  «if  f.ind 
eq-ialioris  of  the  wavf  [)ropagatif;n  -n  the  troposphere  ’ tier-  follows 
a brief  review  of  ofri'>-  meiriorl-,  anrJ  a discussion  r>r  rpt-^-  live 
-ndei  'ts  melhu  J,  c,f  calculation  nr.<i  i»-sis  C'-rnt-oHabiiiiy  m l‘-■e 
iroposcaiter  piopaguliori  closes  the  st-udy  Author 


N71-23463*  Signalron  Inc  Leimgton  Mass 

SIGNAL  DISTORTION  ANO  INTERMOOULATION  WITH 
TROPOSPHERIC  SCATTER 

P A Bello  L Ehrman.  and  P Ale«ander  lf>  AGARO  Tropospheric 
Radio  Wave  Propagahon  Pa-'i  2 Feb  197 1 18  t>  refs  'See 

N71  23461  12  07' 

Avail  NTlS  HCS6  00  MPS0  95 

Multipath  models  used  m tne  past  foi  predicting  the  siq-.ai 
d storting  properties  of  Ircpos-.dMer  links  are  leviewed  The 
fundamental  iinporiance  cf  tfic  delay  power  speclrum  ir.  predictnuj 
signal  distortion  is  developed  m some  deia-i  Suggestions  are  giveri 
for  improving  multipath  niodehnq  by  including  beam  bend  ng  and 
scintillatior^  "^he  concept  of  beam  broadening  as  produc..n:j  increai«Md 
multipath  li  stiOwn  to  (>«•  crrof'oous  St*,  nc-  aitnnI.O'i  is  cj;vr-i  '<•. 
reldliOnstups  t)etween  ir,ul'u)aih  spread  j icj  path  lc>»s  Auiho- 

N71-23464i»  Flon-da  U ‘i>-  Pori  Canaveral 

FREQUENCY  CORRELATION  FUNCTION  FOR 
TROPOSCATTER  CIRCUITS 

A M Mande-’s  /'  AGARO  Troyosf>hc*ric  Ra^'ho  Wa-e  P-c'pagat'O''. 
Part  2 Feb  1 9 7 l i 7 p -el-.  ; See  N 7 1 2345'  1 2 07 ■ 

Avail  NTlS  HCS6  0C  MFS09S 

A mathematical  modfl  for  the  frequenev  correlation  .'unction 
of  a tropospheric  scatter  cha.mci  is  p -^ented  The  rqodel  -ases 

dtmo'.phenc  condition*,  anrl  <.h<j  *nei  p^'d-ncieis  as  inputs  Ttie 
'esulls  are  preser-jrgt  -n  <i  fc-rr:  that  allows  esl>rT-aion  of  the 
f.equen-.y  correlation  fum-oii  under  stdi)!*.'  and  nrictable  iro.vdspnp'.. 
CcrxJihor'S  Au'hor 

N71-23466*  Ma-lm  Manctia  .rp  Orlando  Fia 
Communications  and  Eloctronu  s O'v 

CORRELATION  BANOWIUlH  MtAbUHEMENTS  OVER 
TROPOSCATTER  PATHS 

Richard  A Bra.nhjir.  ,/•  AGARO  T.o;»D-,pli».*-i'.  Rddm  W.ive 
Propagation  Pa*i  2 Pen  1971  21  'efs  -Sie  N7»  23451 

12  07i 

•Cor'traci  DAAB07  b9  C 025  1 ’ 

Avail  .Nfis  UCS6  00  MFS0  95 

e'-opagat’or*  r'*casu-e.*  e’Us  ma'U;  (I'.er  lou'  lrcpr);.cdlle 

t>aths  sim-jiianco-)S  me.vti  i-  • i.'il'  r>f  • os*,  c.'J.'fela’ion  :oe(fiCiei‘I 
versus  frequency  '-oni  ]<:  9 M.‘*/  v.e.f  ohtai-u  -.J  al  4 62  and 

7 6 GH/  ir.  iiir.refne'‘i*.  r.f  1 .MtG  Ib*-  u dtiy  wc-rf  oiie'aied 
cyclicdfly  for  two  lo  ♦•««.*  •.•.r,‘eli.  I'C'iorl,  to  oidai.i  the  cffocls  of 
'.eason  tetrairi  wuatbe  ai  -l  tifr-.e  of  -dH-.  St:‘-;in'  te  is  covering  200 
kH;  frequcT,  . ui;  !'>  8-00  ••H.-  aisO  marie  The 

'ignal  Strengfis  v,*;'*-  H*.  C>f.:»ec}  On  -gi  ei.r  ..nut  ar  cJ  re-..j'.*rrl  m a 

ili/l  il  ;«l  .-r«riir».  •!  o • I A • .*•  • • > i . ...  ,_.,v  . . . - .s  , . , . ^ 

•liStrifKilion,  o*  lar**;  Oi.-dt-On'.  ci’i.s  Sir^i.al  J 'I'illbl  uJes  and  fide 
oeplfis  Empr'o.'is  *j  tJ'i."‘a'ily  plac-fd  O'l  tne  cross  correlaiiori 
'»eas  ■.‘.-■.-‘■■.•s  Author 

N7V23466*  8HI  Tele;/  ■' c lat; . ' : Hr::r*«''  -j  : 
CHARACTERIZATION  OF  T-  7PC.-  U i'.C  SCATTER 
CHANNELS  B Y I MPU  L 'E  F.c  SPONSE  M F ASG  RCME  NT 
C C BailCv  . AG»  .t.iio*':,  Rjhu  Wave  Propayation 

Pan  2 Peb  1^71  12  r»  'els  = See  N 71^' 3451  12-07' 

Ava.i  NTIS  AT  SO  00  MFS0  9- 

A ncv.  «»» ji'og  yrn  foi  :r vi-luai'ng  tr.e  iransrTussion 
cabaoi'-'ies  ')*  !••».  fronu  •'.»''e''C  i.auer  is  reported  A 

:.o;-*»let  un  t*i>c*  i.-t'',  iKr  ow;or.sp  nieas-.i-'emeni  system  and  (.  recent'y 
-•:..-|il»-;e-)  f ..a!*'.’-  'a-I  o test  linir  a-e  des'--'i/ed  Results 

-;l  e.a'.M’.'u.-i  -ysi*.  of  Su;  in>p.ns‘,.  i^stir -I'e  measure-nerd  systen- 
j»-fT  ;i-nson?e-:f  •.*'  \ ) o'di-ai*'  ts  measu'Cment  -.apabilities  and 

fh*;  t/u**  o*  •I'fo’n'a'ro-:  v.i  i-;!'.  d''  t)0  (/bta-i^cd  from  i(  £*arriples 

r-l  r»v.-io.|.t-><».ii'.  /'r»-r1- 'T 'o-'l  1 i l-np^iv-'  .ll*'*'  <- I'-tl- 1 1 4 1 Of  and  leClilTC 

f-a-r  t’-ese  e»{)eu.'i'»*i.ts  a-i:  yiver'.  Author 

N71  23467»  F .f.u.u  ••■is‘''u?  luc  Hj.-*  (.u:i-,.on/pnySik  Bonr 
• ■/»  esl  Ge-rnati , • 

CALCULATING  TROPOSCATTER  INTERCHANNEL 
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DISTOmON  USING  A MONTE  CARLO  METHOD 

A Wasil|«H  In  AGARO  Troposphenc  Radio  Wave  Propagation. 
Part  2 Feb  l97l  10  p refs  (See  N7  1 -2345  1 12  07) 

(Contract  T-01012) 

Avail  NTIS  HC$6  00/MF$095 

Multicharnel  signals  are  simulated  bv  sets  of  randomly 
phased  sinusoids  uniformly  spaced  in  frequency  The  ampiitudis  of 
the  sinusoids  are  set  according  to  the  prescribed  preemphasis 
characteristic,  some  of  them  are  set  to  2ero  to  form  the  idle 
channels  The  signal  is  transformed  into  the  time  domain  with  the 
aid  of  fast  Fourier  synthesis  ThiS  time  sional  is  the  modulation 
function  for  the  transmitted  electromagnetic  field  The  field  which 
reaches  the  receiver  after  having  bean  scattered  by  a troposphe'‘r 
volume  IS  described  with  the  help  of  an  integral  including  the 
spatial  Fourier  transform  of  the  autocorrelation  function  o*  the 
dielectric  constant  m tho  tropospheric  scatter  volume  Anal>/tical 
performance  of  demodulation  of  the  calculated  field  m the  receiver 
yields  the  distorted  time  function  Again  the  fast  Fourier  transform 
1$  used  to  analyse  this  function  The  power  density  m (he  channels 
which  had  been  originally  idle  >s  a measure  of  interchannel 
distortion  The  process  is  repeated  with  a sequence  of  random  noise 
samples  from  each  sen.oie  with  a set  of  independent  random 
phases  The  disiortir  i is  avuraged  to  obtain  the  desired  solution  The 
results  of  the  Mor  te  Carlo  method  approach  those  obtained  by 
measurements  wit  . Gaussian  n«^i$e  Author 

N71  23468f^  ...entre  National  d Etudes  des  Telecommunications. 
Issy  les  Moul'  leau*  iFrar.cei 

PROPA3/.nON  BV  ATMOSPHERIC  HETEROGENEITIES 
-:,hECAST  of  ATTENUATION  iPflOPAGATlON  PAR 
LE8  HETEROGENEITE5  OE  L ATMOSPHERE  FT  PREVISION 
OE8  AFFAIBLISSEMENTSl 

J and  I.  $ni»h«*$,  M AGARO  Trnpnsnhenc  Radin  Wev# 

Propagation.  Part  2 Feo  1971  15  p refs  In  FRENCH  (See 

N7l-23*5*  12  07) 

Ava.!  NTIS  HCS6  00'MFS0  95 

A formula  for  calculating  radtO  attenuation  fluctuation  as  function 
of  disiar>cj  during  propagation  m a homogeneous  atmospheric  layer 
IS  developed  that  uses  primary  mdice  gradients  of  the  transmitting 
volume  for  calculating  the  receiving  level  Considered  are  (t) 
starting  angle  effects  as  determined  by  angular  and  geographical 
distances  (2)  intercommunication  altitude  effects  i3i  antenna  gem 
loss  characteristics.  (4)  distance  climate  and  starting  angle  effects 
on  antenna  gam  loss  (6l  a limiting  law  for  gam  loss  m high 
resolution  antennas,  and  (6)  effects  of  antenna  gain  characteristics, 
distance  and  starting  angles  on  transmissible  bandwidth 

Transl  by  G G 

N7l  234694f  ACG  TelefunVari.  Savknang  iWesi  Germany;  Uep* 
of  Radio  Unk  Systems 

PROPAGATION  CHARACTERISTICS  OF  TROPOSPHERIC 
SCATTER  RADIO  LINKS  IN  THE  6 OHj  RAhGE  WITH 
RESPECT  TO  PATH  LOSS  PREDICTIONS 
Klaus  Radermacher  and  Guenther  Reppaiher  tn  aGARD 
Troposphere  Radio  Wave  Propagation.  Pan  2 Feb  1971  10  p 

refs  (See  N71-23451  17  07) 

Avail  NTIS  HCS6  00/MF$0  95 

Planning  of  stationery  and  use  of  mobile  tropospheric  scatter 
systems  reqit.re  prediction  methods  of  tropospheric  scatter  losses 
for  links  in  at.,  climate  Prediction  methods  are  considered  as  to 
their  applicatton  arxl  compered  to  the  current  state  of  knowledge  m 
the  field  of  troposphenc  scatter  propagation  Test  results  obtained  by 
field  testing  a new  mobile  troposphenc  scatter  system  operating 
•n  the  band  about  4 5 GH/  on  four  paths  are  compared  with 
predictions  The  lest  results  were  apparently  at  times  adversely 
affected  by  anomalous  weather  conditions  Frequency  saving 
OpC'alior.  With  quadruple  SMcn-tj  ijivei^ily  usmg  two  poiariiai'Ons 's 
PO»»'W«  Author 

N71-23470#  For  schuf.gsinsiiiut  fuer  Hochlrequenzphysis 
Wedhhoven  (West  Germany! 


DAILY  AND  HOURLY  FORECAST  OF  TROPOSPHERIC 
PROPAGATION  PARAMETERS 

H J Albrecht  in  AGARO  Tropospheric  Radio  Wave  Propagation. 
®ert  2 Feb  1971  12  p refs  Suppor'cd  by  Mm  of  Defence. 

W Germany  (See  N7  1 -2345 1 12-07) 

Avail  NTIS  HCS6  00,'MFS0  95 

The  present  state  of  the  art  of  daily  and  hourly  forecasts 
of  tropospheric  propagation  parameters,  on  the  basis  of  research 
work  >nown  at  this  juncture  is  summarned  in  accordance  with  the 
subject  matter,  frequent  reference  is  made  to  meteorological 
conditions  and  their  predictions  Following  analyses  on  propagation 
aspects  and  their  predictabiuty.  meteorological  aspects  as  well  as  the 
prediCtabilit,'  for  specified  telecommunication  links  are  considered 

Author 

N71-29471*  Fo  rschungsinstitul  fuer  Hochlrequenzphysik 

Werthhovan  iWes*  Germany- 

6HORT  TERM  FORECAST  OF  SIGNAL  BEHAVIOUR  WITH 
TROPOSPHERIC  SCAmR  LINKS 

D E Marqudfi  in  AGARO  Tropospheric  Radio  Wave  Propagation 
Part  2 Feb  1971  49  p rets  t See  N7  1 -2345 1 12-07i 
Avail  NTiS  HCS6  00  \1FS0  95 

Forecasts  of  signal  tilenuation  with  tropospheric  scatter  links 
by  means  of  meteomiogicai  values  have  shown  liiai  considerable 
increases  of  signal  attenuation  correlate  with  the  passage  of  cold 
fronts  through  the  scatter  volume  and  that  me  intensity  ^f  this 
Signal  decrease  is  related  to  the  age  of  (he  front  Considered  is  the 
present  stale  of  research  work  with  particular  attention  on  the 
mteipretation  of  correlation  results  a detailed  comparison  between 
predicted  and  observed  signal  behavior  is  presented  In  addition. 
Signal  enhancements  and  the«'  possible  forecasts  on  the  basis  of 
(he  occurren*  e probability  of  super  refracdon  layers  is  dealt  with 
pai8M-«lei^  ueienitiimig  gene'di  s>gnai  uenavior  are  aiso 
treated  Author 

N7123472#  Institute  for  Telecommunication  Sciences.  Boulder, 
Colo 

PREDICTION  OF  TROPOSPHERIC  RADIO  TRANSMISSION 
LOSS  OVER  IRREGULAR  TERRAIN 

A G Longley  and  P L Rice  tn  AGARO  Tioposphenc  Radio  Wave 
Propagation,  Pari  2 Feb  1971  8 p refs  (See  N71-23451 

12  07) 

Avail  NTIS  HC$6  00  MF50  95 

A method  lor  calculating  long  term  median  ladio  transmission 
loss  over  irregular  terrain  at  frequencies  above  20  MHi  is  described 
The  model  is  particularly  useful  for  area  predictions  of  transmission 
lota  at  a function  of  distance,  frequency,  antenna  heighii.  and 
(errain  characteristics  v'here  individual  path  profiles  er#  not  known 
Such  predictions  are  needed  for  military  communication  end 
sufveillerx:e.  for  lend  mobile  broadcasting,  and  sir-to-grourxJ  syatemt. 
and  for  calculating  preliminary  performance  astimaiea  for  ayatam 
design  Th#  prediction  model  summarizes  much  of  our  preter't 
knowledge  of  troposphenc  propagation  theory  and  has  been 
lasted  against  measurements  over  a wide  range  of  distances,  for 
frequencies  from  20  to  10  000  MHz.  for  lerrem  types  ranging  from 
smooth  plains  to  rugged  mountams.  end  with  antenna  heights 
ranging  from  very  low  to  aircraft  heights  Author 


N71-23473#  Lock»»eud  Electronics  Co  West  Long  Branch.  N J 

STATISTICAL  PROPAGATION  MODEL  FOR  IRREGULAR 
TERRAIN  PATHS  BETWEEN  TRANSPORTABLE  AND 
MOBILE  ANTENNAS 

J P Murphy  In  AGARO  Tropospheric  Radio  Wave  Propagation 
Pan2  Feb  19^1  21  p ref:  !SecN7’  23151  12  07! 

(Contract  DAA0O7  67  C 0 1 04) 

Avail  NTIS  HC$6  00'MF$0  95 

A statistical  >nodel  ol  troposphenc  radio  propagation  loss 
that  can  be  used  by  ground  rriObile  radio  communications  systems 
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d«tiQn«r»  without  (h«  tKj  of  « computor  program  it  dtvalopod 
Such  • modal  provKfat  « futt  ordar  atiimate  of  madian  vaiuai  and 
ttar^dard  daviation  valutt  of  batic  trartimittior^  lots  for  path  ovar 
P particular  lypa  of  tarram  baiad  on  the  assumption  that 
path-to  path  variability  of  basic  trantrD>tsion  lost  «s  ciota  to  that  of 
a r>ormai  distribution  ir.  dacibais  Tha  mathod  usad  to  davalop  tha 
modal  IS  cfosaly  ralatad  to  tha  ona  usad  to  davalop  tha  £gii  modal 
for  radio  propagation  abova  40  MH<  ovar  irragu^ar  tar/a<n  Tha  data 
usad  to  davalop  tha  modal  have  baan  maasurad  on  paths  batwaan 
antannas  that  are  trantportablt  and  antannas  that  ara  mobiia  Tha 
only  mdapandant  paramatart  usad  ara  signal  fraquancy.  antsnna 
haightt  aud  path  distanca  Author 

N71-23474/V  Hamburg  Umv  (West  Garmany)  Maiaorologicai 
Inst 

THE  STATE  OF  RADAR  RANOE  PREOXTIQN  OVER  SEA 
H Jaska  !n  AGARO  Troposphanc  Radio  Wave  Propagation  Par* 
2 Fab  1971  11  p refs  iSaaN71  23461  12  07) 

Avail  NTIS  HC$6CX)/V1FS0  95 

Tha  maihods  of  radar  range  prediction  of  marir.e  cm  radars 
are  closely  related  to  the  boundary  lava/  theory  for  the  propagation 
conditions  are  governed  by  the  tow  level  evaporation  duct  <n  8S% 
of  time  Over  a wide  range  of  atmospheric  stability  tha  loganihmic 
profile  with  a ttab<lity  dependant  profile  coafficieni  yields  a good 
correlation  between  radio  field  strength  and  duct  ll•lCkness  Fo' 
strong  deviations  <rom  the  neutral  equii'Orium  fiQwever  more 
complicated  ^''Ofiie  forms  era  employed  Autho* 


N72-160R6ilf  Advisory  Group  for  Aerospeca  Research  end 
Oavalopmant.  Paris  (Franca) 

RRORAOATION  IIMITATI0N9  IN  REMOTf  SENSING 
John  8 U>mat.  ed  (Sianfurd  Ras  Inst  Manio  Park  Calif  1 Oct 
1971  424  p raft  Prasantad  at  the  17th  Symp  of  t»»u 

Electromagnetic  Wave  Propagation  Panel  of  AGARO  Colorado 
Springs  Colo  71  25  Jun  1971  Original  Contains  Color 

flluttraiiont 

(AGARO  CP  90  71)  Avail  NTIS  HC  S6  00 'MF  SO  95 

Th.aoratical  and  ekpenmentai  performance  analyses  aia 
rapOdad  for  various  remote  sensing  Sytlams  m order  to  de/flup 
fhair  propagation  ranges  and  suitabilities  m reiatcn  to  mvestigiterf 
madia  Results  cover  the  spectrum  from  optical  to  radio 
frequencies  For  individual  titles  sea  N77  16006  through 
N72  161 19 


N72  16096#  Army  Erigmaer  Topographic  Lat»s  foM  Balvoir 

Ve 

A PROGRAM  FOR  THE  DEVELOPMENT  07  ADVANCTO 
CAPA6IUTIE8  FOR  COLLECTION.  ANALYSIS  PRQOUC 
TION  AND  DISSEMINATION  OF  MILITARY  GEOGRAPHIC 
INTELLIOENCE 

Kanr.ath  R Kothe  In  AGARD  Propagaitqn  Limitations  >n 
Ramota  Sensing  Ou  1971  36  p (Sea  N72  1 6005  07  07) 

Avail  NTIS  HC$eOO  MFS095 

Tha  otieciivas  of  tha  RSD  proyrani  are  identified  as 
coflaction  eysiams.  data  reduction  systaois  and  informalir^n 
ayttama  To  improve  data  rollaciion  capabilities  work  it  described 
asaociatad  wiUi  sidelooking  ai'bume  radar  and  color  rrultibar<d 
photog^apliic  systerns  To  improve  Uie  data  reduction,  ratearth 
and  development  leading  to  automated  image  data  estractron 
capability  It  reviewed  Then  the  development  ol  a military 
geographic  information  systeni  with  an  example  output  le 
outlined  in  relat'on  to  an  overall  concept  in  r.unclusto  • tl 
•ppaars  tiie  rasaerr.h  and  development  obieciivei  can  t>e  attained 
to  implement  the  concept  of  operations  m the  1965  time  frame 

Author 


N72  1S0S7#  A rmy  Engineer  Topographic  (jibs  f<>rt  Bflvoir 

Va 

PROJECT  SAND  REMOTE  SENSING  FOR  ENGINEER 
CONSTRUCTION  MATERIALS 


Donald  G Orr  and  Jarr>«t  R Quick  In  AGARO 
Limrtetions  m Ramota  Sensing  Oct  1971  17 

N72  16085  07  07) 


Avail  NTIS  HCS600/MF  S09S 

Remote  aenaor  flighta  have  bean  conducted  over  ereaa  *n 
the  Miaaeaippi  OeUa  to  determine  the  sertsor  configuration, 
analysis  lachntouts.  and  diagru>stic  cntana  for  locating  er>gineer 
construction  matanalf  under  Project  Sar^d  Th#  sensor  utiided 
irKluded  photography,  thermal  infrared,  and  sidalookirig  radar  In 
eddrtion  to  the  aerial  imagery  acquisilior>  grouixf  meaeurements 
were  rnede  m etch  of  the  eraet  under  investigation  The  tensor 
imagery  and  grournl  truth  data  war#  enalyied  by  a laem  of 
eapehs  m various  earth  scienca  disciphr>es  Tha  urborrie  Ope'ations 
end  field  data  collection  ere  described  end  a summary  of  the 
ene^ysas  results  with  unclassified  illusiretions  are  presented 


Author 


N72-160SS#  Development  and  Resources  Transportation  Co. 
Sihrer  Spring.  Md 

AUTOMATIC  PROCESSING  OF  ARCTIC  PACK  ICE  DATA 
OSTAINEO  6Y  ME^NS  OF  SUBMARINE  SONAR  AND 
OTHER  REMOTE  SENSING  TECHNIQUES 
Leonard  A LeSchack  Wilham  D Hibiar  ill  (Army  Cc\6  Rag  Ras 
end  Eng  Lab.  Har^ovar  N h ).  and  F/edeuck  H Morse 
(Merylaryj  Umv  Collage  Perk)  in  AGARO  Propegetiun 
Limiieiions  m Remote  Sent.ng  Oct  1971  19  p leH  Original 

Contains  Color  iHuStiaions  (Sea  N77  16085  07  07) 
iCoolract  NOOOU  70  C Cl  10  NW  Prui  307  J22) 

Avail  NTIS  HCS6  00  MFS0  95 

Three  remote  sensors  have  bean  used  for  aiamimng  the 
upper  ar>d  under  Surfaca  of  the  Arthc  ire  pu.^.  an  upward 
looking  srmar  mour^tsd  on  « oudsar  submarine  trant'tiOQ 
benaath  the  ice  producing  an  iindar  ica  profile  a verncelly 
mouhiad  airborne  laser  prprJucing  an  upper  tee  surface  profile 
and  an  airhorna  infrarerl  f *nrmr  in  t)ii»  ft  14  ron  ranoe 
piodui.ing  a heal  tnUura  of  ill#  lue  wuifaL«  lha  sonar  data  war# 
(|*g  t'/ed  and  snaiy/ed  f»e»juancy  0»stfit>uliur%  r;|  anipiitndei  of 
Ilia  profile  data  irvln.aies  f)»st  young  ii.e  jiat  a shsip  uin  modal 
diairibuiion  oide'  nioro  fiimLiad  k o has  a inoad  tiasfd  uhi  modal 
‘JiSinbution  and  oltj  mutft  rifjyqrj  ice  )>#%  ft  Ui  rnorJal  distribution 
Tha  aama  analyheal  techniques  ware  userl  to  p'oeass  airborne 
ias0‘  profile  data  of  pack  ice  AriaivS'S  J p'ufiles  of  mu'l' year 
ice  and  your^g  iC9  sl-ow  lhai  ihe  yoimy  »>  hie  yroeiar  amplitude 
.if  all  rrilge  spaemgs  stm.ior  ihen  70  n.  than  does  tfit  muih  year 
ice  Airborne  infrared  Sf.annuiy  innycry  of  pack  .fe  WiS 
color  ronioured  using  a spal-al  deta  Srvlem  A smiphlied  energy 
balam  e aquation  wav  used  as  a methar)  lu  deie'rrui»e  thickness 
«>f  'ce  v.anoer)  Authoi 

N72  160S9*  CoriunuriKaiio>>s  Resoarch  Onba  Onawa 

THEORY  AND  FIELD  TESTS  OF  A MICROWAV-. 
RADtOMETEn  FOR  DETERMINING  SCA  ICE  THICKNF  .$ 

A W Adey  In  AOARD  Piopagshori  linuiatior'k  iri  RamoK 
tetismg  Orl  l97l  10  p refs(SnaN/7  16005  07  07) 

Avail  NTtS  MC  56  00,  MF  $0  95 

A iheoreiir.el  analysis  ol  UFfF  erniv  ' ^ns  Irnm  sea  tea  and.o 
sea  water  is  ujtlmod  A radiometer  system  designed  to  obeervi 
these  emissions  ope>aliriy  ai  frequencies  fiuni  400  MHi  lo  1 t 
GF(|  has  tieeri  designed  and  Jiuilt  The  results  uf  inttifl  yrourx 
tfeserf  end  airlroma  letis  of  this  iristnirneni  are  presanieii  Initil 
resiiMt  lend  lu  confiim  the  iiieoreiiral  niiaiysii  end  predictir/na 

Autho 

N72  16090a  Kerises  Umv  lewrnii'e  M<jinut#i  Serisiny  i eb 
RADAR  IMAGING  APPLICATIONS  PAST  PRlSENT 
AND  FUTURE 

Htcbar*!  y Mnrjre  In  A(iAHO  Propagiilion  (imiialiona  ui 
Memoie  Sensmy  oa  19/1  Up  ref>  (5ee  N7?  10066 
0/  07) 

Aveil  NTIS  HC  $f)  00  M)  $rj  y. 

Some  of  ifie  pruven  epiiiir. .^hoi.s  .>(  radar  are  Outlined  and 
future  appbr.atio'is  Are  suyijesle'l  Alilimiyh  restri<.ter)  mostly  to 
u-iayiny  svslnrr.^  ,,.oni,,>n  ,5  u.j.Jf,  ,,l  ep) di' at ir/o  of 
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>x>n'im«g4Ag  to  d«t«rmmtny  wind  »p««dt  ovff  |K4  OC««i^ 

AppJic«tiont  to  tM  includ*  0*olooy.  o•ogr•:>^y.  hydrutogy. 
biO-QtOQr«phv  (including  •gricullur«).  OrotnogrAphy  §nd 
CAHOgraphy  Ailtho/ 


N72-1i0f1|  LouiAiana  SiAtt  Univ  . Baton  Roup#  Oapt  oi 
Gaogc apby  and  Anthropology 

cumulativc  frequency  curves  of  the  oarisn 
FROVINCE,  PANAMA 

Anthony  J Lawia  and  WilliAiti  Wai|«  (ArkAnut  Unrv  | M 
AOARD  Fropagaiioo  umriattona  in  Ramota  Sanatf'p  Oct 
1971  10  p (Sat  N72  16089  07  07} 

Avad  NTI8  HCt6  00/MFS0B5 

Htatograrro  ind  cumulativa  Iraquancy  curvai  o1  tairam  alopa 
art  important  tn  iha  Quamitatrva  daacription  of  gaomorphic 
ragtona  and  akI  m tha  study  of  land  utiltiaiion  and  tarram 
thohtlfiy  Racantly  a maihod  for  obtaining  tuch  tarram  alopa 
information  from  radar  irragary  waa  davaiopad  t/tilaing  tha 
r^vaaary  ralationahip  batwaan  tarram  ak>pa  and  tha  dapraaaion 
angia  for  tha  occunaoca  of  radar  ahadOMrs  and  tha  variation  m 
dapraaaior.  angia  from  naar  to  fir  ranga  acroaa  tha  radar  tmaga 
T>>«  charactariatic  ahapa  o(  tha  cum<ilatrva  fraguancy  curvaa  for 
four  gana  al  gaomorphic  ragioni  m Manama  -plams.  low  hilla. 
high  hiiii  arid  moiintama  pmwad  diagnostic  and  aubatant»a;ad 
bo'.h  tha  Qualrtativf  gaomorph.^  boundar»as  ar^j  th#  quanirtatrva 
siDpo  data  datarmir>ad  from  radar  imagary  Ofily  quantrtatrva 
ragionai  slop#  mforination  it  avai>abia  for  tha  poody  mappad 
Oanan  araa  m Punama  Author 

N72-1S062*/|I  Kanaat  tlmv  Lawranca  Oapt  of  Oaograph^ 

ViOETATION  MAPPINO  WITH  SIDE  LOOKING  AIRBORNE 

RADAR  VELlOWSTONe  NATIONAL  PARK 

Norman  i Hardy  Jarry  C C<i*nar  and  William  0 L/KSmin  in 

AQARO  Propagation  limitations  m Ramoia  Sansmg  Oct 

1971  19  0 raft  ic;«a  N77  1AnAAn7oyi 

(Contract  NAS9  102C1) 

(NASA  CR  1 294S1 } AvaM  Nflft  HC  $600/MF  $099 

cscL  oee 

Tha  pjrpoaa  of  ihis  study  to  daimui  tha  vagaiation 
commynritaa  oi  YfMowstona  Nanonfi  Park  (o  tha  graatast  aslant 
poaaibla  by  miarprating  SlAR  imagary  and  to  idantrfy  ficiors 
vrh*ch  could  ba  modrfitd  or  controi'ad  to  anhan  a Miformafon 
contant  for  any  fulura  SLAR  vagaiatiori  mapping  pio^cta  Tha 
mtarpratation  approach  to  th#  SLAR  miagary  was  lust  to  dahn# 
tha  bOundartas  0l  in#  vagalaton  commwniliaf  Ahar  boundary 
dafmrtron  a classification  of  vayaiaiiori  typas  was  asiabiishad 
baaad  upon  aiavAtiorH  mo»atura  and  siof/a  faaturts  av*dani  m 
tha  SLAR  imaga  To  ats'ii  m th#  ciasaifKttior.  o(  tha  vagaiation 
COmmunriias  a malrn  intarprf  tafiori  hay  was  conatructad 
Companaon  of  tha  vagaianon  map  davaiopad  from  SlAR  and 
*hai  praparad  frorn  ground  truth  data  pomit  lo  Iha  ability  of  an 

-^Ihra  mtcrwiAravc  irTtAga  to  pfOwda  v«y*iatfyM  mfurmal*on  at  tha 
tomrr  mily  lavfl  Author 


N72-1B092/H  Physics  Lab  RVO  TNO  7ha  Hagua  (Nalharlar>da} 
THE  RADAR  BACKtrATTER  OF  VEGETATION 

G P da  Loo  r and  A A Jurr»aana  in  AOARD  Propagation 
Umitatront  in  Ramo*a  Sansiog  Oct  >97  1 7 p raft  (Saa 

N72  16085  07  07» 

Avail  NTIS  riC  $6  00/MF  $0  99 

To  study  tha  possibit  usa  o<  intaga  tuna  in  SlAR  imagary 
for  invaniory  pur.xraat  a tanas  of  rnaasuramants  war#  parformad 
#t  X bartd  (and  torr#  at  Ka  b#ndi  on  Iha  hachacaiiar  coafticianfa 
of  lingla  f»alds  m an  agricultural  araa  ttirough  a compfaia 
growing  aataon  Use  was  mado  ol  a stat»:a  platform  with  th# 
radar  at  ar>  ahitud#  79  m abtjva  tha  t«ira>n  Th#  mfluanc#  ot 
tha  waaihar  ori  Itia  lia'.hscailar  cuafficiant  is  SlurJiad  l/y  COmparir>g 
tha  maasurartiaiits  wilti  tha  riuipul  ol  an  tulomaK  waathar 
•lalion  Author 

N72  160941  Naval  Resasrch  lab  Watninyton  DC  Hulburi 
U O ) Caniar  for  Spaca  Resaarcti 

WAVE  HEIGHT  MEA9UREMENT6  WITH  A NANOSECOND 
RADAR 


6 S Yaplaa.  A Shapu  - 0 L Hammond.  arvJ  E A Uliar\a  //> 

AGARD  Propagation  Lunrtationa  in  Ramota  Sartaatg  Oct 
1971  13  p raf  (Saa  N72  16085  07  07} 

Avail  NTIS  HCSeOO/MF  S0  95 

A radar  aysiam  hat  baan  davaiopad  with  a auffioaothr 
narrow  pulaa  width  to  raaolva  tha  vanical  wava  atructura  of 
ocaan  wavas  Tha  radar  iiiummaiai  a 70  cm  diamatar  apoi  on 
Iha  ocaan  a;  rvormai  ir^cidarvca  arvd  thraa  wava  polaa  art  placad 
m a datti  configuration  around  tha  Fpot  for  ground  truth 
maaauramanta  A corrvar  raRactor  it  placad  at  tha  cantar  erf  tha 
antanna  baam  to  C9iibrata  radar  matturamanta  both  m rartgo 
arsd  amplriuda  Wind  cor>dihona  ar#  monrtortd  utmg  tha  lowar'a 
anarr>omatar  Thaaa  ground  truths  ar#  tl>an  uiad  m raiatmg  tha 
radar  maaauramanta  to  actual  ana  cor>ditiorva  Tha  wava  ha«ghta 
arscountarad  ranga  from  two  I3  s'x  feat  Rasulta  of  tha  radar 
ma#turamania  ara  praaantad  and  comparad  with  aimuttarsaoua 
wava  pola  maaturarrianis  of  Iha  saa  surfaca  atructura  Author 

N 72  19096#  Naval  RtMt'ch  Lab.  Washington  OC 

REMOTE  PAifIVE  MICROWAVE  MEASUREMENTS  OF 
THE  SEA  SURFACE 

Jamaa  P Hoiimgar  in  AGARD  Propagation  Limrtauorrt  m 
Ramota  Sansmg  Oci  >97  1 7 p rafs  (Saa  N72  >6089 

07  07} 

Avail  NTIS  HC  $bOO/MF  $0  BS 

Tha  important  potantial  of  $11  waathar  data"r::r.«iion  of 
ocaan  sudaca  wmd  fiaidi  by  maans  of  r«moia  pass'va  microwava 
•anting  it  ditcusiad  Tha  wind  spaad  dapandar>ca  of  tha 
microwava  bnghtnass  tamparatura  of  tha  aaa  n mtarpratad  •• 
latulimg  primarily  from  small  scala  wava  itructura  at  wind 
•paada  batow  about  15  to  20  m/aac  and  from  tha  ir>craaaing 
covaiaga  of  saa  'oam  at  highar  wmd  spsads  Maaauramants  of 
thaaa  two  aiiacts  art  pratamad  ar^d  tha  chara^tanaica  of  aoch 
Oatciibad  saparaiaiy  Tha  two  affects  ara  combmad  to  aatimaia 
Iha  total  microwava  brightnasa  tamparatura  dapar>danca  of  a 

w*nd  wi'wit  •»  *i«wvw  l>wm  • 7»k«i)  iuv#|}«ai  liw 

two  affacu  allow  tha  daiarminaiion  of  ocaan  lurfaca  wind  fialda 
ov#r  tha  antu#  range  of  wmd  tpaads  Author 


N 72  16096#  Naval  Research  Lab  Washington  OC 
REMOTE  SENSING  OF  OCEAN  EFFECTS  WITH  RADAR 

N W Gurnard  In  AGARD  Propagation  Limnationa  in  Rarr>ota 
Sanamg  Oct  Itf/i  tip  rafs 'Saa  N72  15009  07  071 
Avail  NTIS  HC  $6  00.  MF  S0  99 

Ramoia  aa  s>ng  of  ocaan  surface  aflacts  is  raportaj  wrth 
Iha  obiaciiva  of  evolving  theoretical  modaia  of  thaaa  affteta  to 
•id  aysiams  daa>yn  and  iha  acquisition  of  data  m aitu  arv)  m 
laboratory  a<muiai>ona  to  daiarmma  approonaia  paramairic 
ralafionahips  Th#  four  fraquancy  radar  ayatem  a calibraiad 
airborr>a  maasuramani  facility  has  baan  aiiansivaly  uaed  for  tha 
«n  aiiu  data  coiiacuon  Tha  r»dar  is  capable  of  oparatmg 
aaquaniially  on  X band  'RBIO  MHil  C barxl  (4459  MHfl  L 
band  I122B  MH/I  and  p band  UHF  (428  MH/I  wrth  both 
hori/oniai  and  variical  poian/ai«on  A raviaw  of  the  thaoratical 
modaia  and  tha  paramainc  raiaiionihipa  it  praaantad  in  tha 
cOurea  of  tha  alurly  twu  n#w  lachniquas  for  ramotaly  aaneir^ 
wava  apactra  have  baan  avoivad  and  uaad  lo  obtain  an 
ampianaiion  for  the  waveiengi.>  dapandenca  of  tha  aaa  return  m 
low  wind  fields  Author 


N72  16097a  F orschungfttnstilul  fuar  HochfraQuanxpnyaik. 
Warthhovan  (Watt  Germany) 

PROPAGATION  EFFECT!  ON  MONITORING  ATM09PHER 
1C  FINE  STRUCTURE  USING  SlOk  SCATTER  ON  APPROP 
RtATE  FREQUENCIES 

H J Albrecht  and  M Pianmg  In  AGARD  Propagation 
Limitationy  in  Remote  Sanamg  Oct  >97  1 7 p refs  (Saa 

N72  16089  07  07i 
Aveil  NTIR  Hr$AOO  MF$0  95 

Tha  possibilities  of  esiendmg  s*de  sr.etier  enfiyaw  to  higher 
fraquaricias  ara  eiammid  with  regard  to  the  vary  timaiy  aubiaci 
of  monrtr)nng  eu  (K>Hut<on  atK>ve  mdiittnal  areas  c«tias  amt 
other  eiposeiJ  areas  Ttie  limits  of  daiecimg  ajipiopriaia  aiamani 
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M Mrfli  Aft  irv«  comb<n«ii<y>  of  such  moihodt  wrih 
turt>ul«nc«  by  tN)«  K«n«r  nre  cooiidtroo  for  Iho 

pufpoM  of  fit<rT>atino  tb«  d«firte  of  dtn^tr  aruj  ns  v«ri«tiOA 

Aul^ 


M 72  1609#!  f«r>Ol«r  (Cl  Hsmburg  (Wott  Gorri^anyf 
RCMOTt  tfNSiNG  ANO  ATMOSPHERIC  LAYERS 
C F«r>gl«r  in  AGARO  Prop49Stion  limitalionft  m R«mo:« 
Somtng  Oct  1971  6p  rtfs  (£••  N72  1 608S  G7  07i 
Avail  NTIS  HC  S6  00/MF  S0  9S 

S*rK^  absorption  arxJ  scattarv>g  a'&  w^all-krvown  affacta  for 
prop*goi*OA  iimitatront  m ramcta  sanimg  by  aiaciromagnotc 
wtvot  rafraction  ranactipn  as  v^ali  as  ducting  affaciod  by 
atmospboiK  layers  are  consK)«ra<)  The  raf1«ct»on  coaHici#ni  of 
Epsiam  profiles  treated  m order  to  illustrate  the  effect  of  total 
refleciioo  bf  gra/irtg  ‘ncidertce  The  deflection  from  a concentrK 
iav*f  of  rays  siarimg  at  the  earths  Sidece  end  of  rays  coming 
from  the  Outside  of  the  eirih  i%  cortsidered  The  theoreticel 
irentment  is  corrtpieled  by  presenting  results  of  measurements  of 
en  eanh  eanh  rad»o  t>nh  as  well  at  of  a space  earth  radio  imk 
evauiated  ur>der  the  aspect  of  the  tropospheric  layer  structure 

Author 


H72  160SSe  Wisconsin  Univ  Middleton  Geophysical  and 
Po'ar  fteeearch  Center 

ELECTROMAGNETIC  SOUNDING  OF  ICE  THICKNESS 

C R Bentley  and  J W Clough  in  AGARO  Pr<>pagation 
L‘n«iiatK>ns  in  Ramote  Sensing  Oct  197 1 7 p •#!*  (Sea 

N72  16065  07  07i 
Avail  NTiS  HCS6  00  MFS0  95 

The  efftoervcy  of  »ce  thicknesa  determination  m Antarctici 
and  eteewhare  has  been  vastly  imt.oveO  by  the  use  of 
effCI'Omaynet»c  Sd'jndin^  The  elect'Omaijnelii.  sounder  wh'<"h  iS 
bfeicaliy  e low  frequency  redir  system  rs  eei<iy  edepted  to  use 
m an  aircrafi  and  is  capetfie  of  rr^easunng  thicknasses  of  <ce  at 
great  at  4 km  Smce  pure  ice  has  an  eatremeiy  low  conductivity 
eiactromagnaiic  wave  propagation  at  a frequency  of  around  35 
MH/  If  esteniiaiiy  non  dispersive  Absorption  takes  place  in 
dose  accordance  wdh  the  high  frequency  tiii  of  a Debye 
refaration  spectrum  an<j  is  h.ghiy  temperature  deiierideni  the 
attenuation  factor  varying  by  50  100  <Jb  km  over  the  range  of 
lem(>«ratures  (ebout  60  Ci  found  m different  giaoers  Tfte 
• tleriuation  in  very  cold  ice  <s  SO  smeH  that  It  iS  subsiantrslly  t«s# 
than  the  normal  spheiicai  spreading  loss  (usies  occurring  at  the* 
reflecting  boundary  are  about  10  30  db  for  rnosi  ee'th  rnaienais 
but  may  be  more  if  fh®  boundary  i»  lough  At  a snerp  *ce  see 
water  boundary  hpiefever  tl»e  reflecttoo  loss  r«  only  0 5 dtr 

Author 


N72  iSlOOi  Army  Engineer  To(>ogiaphi{  lafr,  fort  8et*o»' 

Va 

A MATHEMATICAL  ANALYSIS  OF  THE  PROPAGATION 
ANO  reflection  OF  PLANE  ELFCTROMAONETIC  WAVES 
IN  A NONHOMOOENEOUS  ISOTROPIC  MEDIUM 
Rtcliard  A Hevenoi  In  AGARO  Propagalron  Lim>lelions  m 
Remote  Sensing  Oct  1971  9 p refs  (See  N7?  16085 

07  07) 

Avail  NTIS  HCS60CMFS095 

Understanding  of  tfte  propagation  of  e>ectrornagriehL  waves 
m nelural  terrain  turfeefs  can  be  aided  by  solving  the  vector 
wave  equaiior)  for  the  case  when  the  conductivity  trie  dielectric 
cortsteni  end  the  magnetic  permeafnlity  are  I'lnchons  of  su<l 
depth  The  protifem  to  he  analyzed  is  that  of  a nonhomugeneous 
half  space  wfere  the  cor>ductiviiy  end  rlietectric  constant  are 
arbitrary  fur^ctions  ot  depth  The  basic  approach  employed  is  that 
of  thf  geometrical  optics  solution  of  Hie  wave  equation  The  fmet 
results  yield  eip'ess»oris  for  the  megniiurfe  end  phase  of  an 
alech'Orr.agnCiic  fiofc*  propagating  m the  nunhc:*-'jgcr:co.;;  " tdrj''’ 
for  hon/onial  and  vertical  polanzalroris  Author 


N72  161014  Navri  fled  foriics  la*'  Center  for  Corvimand 
<>OOlrol  and  ^xzmmunicaiions.  San  Oie^;  ■ Calif 


REMOTE  SENSING  OF  TROPOSPHERIC  STRUCTURES 
USING  HIGH  RESOLUTION  RADAR 

J H Richl^i.  E E Gossard  and  0 R denseo  /n  AGARO 
PfopagatiOn  Limitations  m Remote  Sensmg  Oct  1971  13  p 

fh  See  N72  16085  07  07) 

Ava-  NTIS  HCSeOO'MF  S0  9S 

A van,-  sensitive  uHra  high  resolution  radar  has  been 
developed  for  the  purpose  of  studying  the  refrectrve  mdei 
structure  ot  the  troposphero  The  radar  >t  a ground  bleed 
venicetly  pOinimg  FM  CW  radar  wdh  a rartge  rasolulKtn  pi  oh# 
meter  The  radar  and  its  performance  characteristics  ere  described 
The  radar  routinely  detects  layer  structures  m the  lowe 
iropospi*ere  These  layers  are  always  associated  with  gradients 
m tha  vertical  refractive  >nde>  profile  and  are  frequently  very 
Ihm  eppmeching  the  rasoiution  of  th«  redar  Very  often  they  are 
perturbed  by  wave  rnotions  E«ampii>s  of  various  wave  p<tttem) 
are  presented  Autho> 

N72  16102a  Wisconsin  U'nv  Midrheion  Geophysical  and 
Polar  Research  Center 

EFFECT  OF  BEAM  WIDTH  ON  ACOUSTIC  SIGNALS 
SCATTERED  AT  A ROUGH  SURFACE 

C S Clay  anri  G A Sanclneit  In  ACiAHD  Propayal  o'l 

Limitation!  iri  firnuitB  Sonsn-y  Oil  1 9 7 1 8 p refs  I See 

N77  16085  07  07. 

Ava-i  NTIS  HCSOOO  Mf  SO  95 

Unrleiwdtei  <«i  oo&l-c  C'*|>r'riMi«;nift.  vvi  /C;  riidde  m a Idbo'atury 
larik  ir>  wiiicl*  the  signab  were  fci.aileieil  at  a wmd  blown 
Surface  Ttie  rm«  rougt  nevs  snal'Oi  correietioo  function  of 

the  su'fecM  we'f^  nieasu'e>'  i>y  wave  tieigiM  proi>es  The  rat  o of 
the  mean  rect<f>i'0  signal  scaiio'eO  oi  the  'ougt'  surface  ar>d  that 
reflvcted  at  tfie  S'noolt'  lu'tace  was  measuri'rl  for  vertical 
•iHrieiM  e Even  though  the  Surface  was  rougfi  thi>  mrari  rectified 
s*gr>a)  was  mversei,  (irotioriionai  to  the  srzun  t-  distance  plus 
tmraiyai  rhsianrA  At  larun  rougtuieiv  ttie  roflfctiur^  scattering 
furu.iioii  cepend-  upo^  bCJni  /^I'Jth  jn  1 tends  to  the  osud'  pfanp 
interface  rofifcbon  lunciion  Auttior 

N72  16103**  Na  tipn^l  Aeiurtduti'.v  aruj  Space  AiJrfhiiislreiiOh 
Menrie'l  Spacet'aM  Cente’  H iuSluti  Tu« 

INFRARED  AND  MUL Tl 5PE  CT RAL  REMO^c  8ENS!NG 

M R Mrdier  hi  AOAMD  Propagalioi-  I inuialiuMS  in  Heni'^le 
Sensing  O'.  I 19  7 1 '3  p rr*fs  Original  Conia'f's  Cnlor 

lilusl'dtioiis ‘be**  N/7  tf)085  07  0?' 

iNASA  TM  X 07496)  Ava.i  NTiS  MC  S600  MF  $0  95 

CSCl  146 

The  history  of  ififrjied  fiom  its  (Jist-oveiy  m 18CX)  f»y 
Hersctiel  IS  sket'h«<]  Heceni  advancements  are  descriO  >l 
leading  to  rnorien.  mfraied  rei^tOtv  sensing  devues  1l  " 
l»erforiiiance  of  Sorh  cjfv.r.os  is  iMijilialerl  and  tulu’e  rlue».»ions  n* 
development  out  necj  ine  recem  eiiori»icrn  ul  iiu»  uiti»;*iij 
»<  annar  to  ttie  nijItiSpectral  sensing  and  pailern  rorognitiQn 
systeni  IS  desco'ie  1 Results  frum  such  systems  arc  shown 
iim'iaiions  <n  itieii  utility  due  to  lack  of  u>uiffstand">g  ot 
signatures  S'e  descnt»er1  and  like'y  future  deveiotunenis  are 
outlined  Author 

N72  16104*  ( inr.ironi<iue  ei  de  Ph/s<rzue  L atr<i'lloiro  d 

AppiKiuees  Pans  ^FranLei 

FUNDAMENTmI  and  PRACTICAL  IIMITS  OF  REMOTE 
INFRARED  IMAGING  INSTRUMENTS  OPERATING 
BETWEEN  2.  6 AND  16  MICRONS  c14 

f Desvignes  In  AGARD  Propagahon  Limitet  ons  m Remote 
Sensing  Oci  1971  14  p refs  In  FRENCH  (N(»LISH 

sunirnary  iSee  N72  16085  07  07) 

Ava-1  NTIS  MC  SeoO'Mf  $095 

M am  advantages  of  mlrerecf  radiation  lor  remote  tenting 
are  riutiine<]  and  ttie  relations  between  space  time  and  signal 
lew'  resolving  power  of  the  ir^siruments  are  considered  in  the 
iwrtpegAiinrt  nftiir  Is  of  sKinal  aMermation  and  Stray  radiation  Ah 
•Analysis  ot  ;he  hypothesis  and  results  of  a computation  of  overall 
etroospheiic  iransn^iltence  for  mshumentt  using  vanous  lY(>es  of 
rletedors  art-  given  This  coniputetion  lakes  mto  account  tha 
ulieurp*tor<  ai>d  dillu&iori  try  gat  >s  and  aerosols  m horizontal 
pro(iayat*on  versus  the  distar^ce  Author 
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N72-16106#  Lfll«  Uoiv  (Fr*nc«)  t4b  Optrqut  Atmotph«riQu« 
ANALYSIS  OF  RAOIOMCTRIC  INFRARED  SEA  TEMPERA 
TORE  MEASUREMENTS 

P V D««chtfTipt.  P L*coml«.  «n<)  J C Vinhoull*  M AGAHU 
Prop«pjtioo  LimiUtooi  m R«moi«  Sensing  Ocl  1971  9 9 

f«H  In  FRENCH  (Sm  N72  16066  07  07) 

Avsil  NTlS  HC  S6  00/MF  S0  95 

CofrectKKi  procedures  ere  described  ihet  provide  reel 
temperature  data  lor  a sea  Sudace  from  infrared  radtorr^fnc 
rr>etsuremeAts  The  pnmarY  error  source  if  reneclion  of  skv 
radiStiOA  from  the  surface  it  is  corrected  by  real  meesuremen  s 
at  sea  level  The  secondary  error  is  caused  by  transm«s»on 
through  the  air  layer  between  the  radiomeier  and  the  sea.  it  m 
corrected  theoretically  Above  described  corrections  provide 
ebeoiuie  tempereiure  values  for  the  set  surface  with  an  accuracy 
of  about  0 1 degree  Transi  by  G G 


N72  10^061  lilia  Unrv  (Frsncal  Lab  d Oplique  Atmosphanqua 
ANALYSIS  OF  RADIOMETRIC  INFRARED  MEASURE 
MCNTS  ON  CLOUD  TEMPERATURES  AND  STRUCTURES 

Y Fouquan  and  J Lancble  In  AGARO  Propagation  Limitations 
in  Remote  Sensing  Oct  1971  8 p refs  In  FRENCH  ISee 

N72  16085  07  07) 

Avail  NTIS  HCSeOO/MF  $0  95 

The  enguler  drstribution  of  redietion  mieneiiy  m e cloudy 
atmosphere  <s  studied  by  the  4 3 micron  carbon  absorption  bend 
EveluitJVi  of  the  observed  spectral  frequencies  shows  thii 
radisuon  trensmisr.ion  depends  on  the  optical  thicknessee  of 
cloud  layers  Transi  by  G G 


N72'16107|  Netionsi  Environrrientel  Satellite  Center 
Wesh:ngtr)n.  0 C 

FACTORS  affecting  THE  ACCURACY  Of  SEA  SURTACC 
TEMPFRATURE  MEASUREMENTS  FROM  ITOS  SR  DATA 

J Lease  W Pichel  8 Goddard  and  R Browar  In  AGARO 
Propagation  Limitations  m Remote  Seneing  Ocl  1971  13  p 

refs  (&KI  N72  I606S  07  07) 

Avail  NTIS  HCS0OO,  MFS0  95 

The  improved  TIROS  eetellite  sensor  package  contains  e 
two  charw>ei  scanning  redtometer  which  operates  m the  52  to 
73-micron  visible  rer>ge  end  the  10  s to  12  5 micron  infrared 
water  vapor  window  Ona  of  iha  primary  applications  ol  the  IP 
date  IS  the  operetionel  determination  of  global  see  eurfece 
lemperaiuras  The  ubiective  is  10  make  stitietiraiiy  integrated 
meaaurem^nt*.  over  areas  approimetely  100  km  on  e sKfe. 
which  agree  with  ground  truth  measurtmanis  wiihio  a 
root  mean-square  deviation  no  larger  than  1 C A quantitative 
error  analysis  of  the  ITOS  system  combined  with  tests  on  reel 
data,  shows  that  the  obiectrve  ehould  be  reached  usmg  only  IR 
date  m regions  whsre  the  magnitude  of  the  temperature  gradient 
ft  tese  then  2 C per  100  km  In  legione  where  the  temperature 
grediente  ere  2 to  4 C per  100  km  ih#  inclusion  of  SR  date  from 
ihe  visible  channel  to  reduce  cloud  contemmehcn  errors  ehould 
piece  the  accuracy  objective  wrthm  ecccteible  limits  Author 


N72-101D8#  Atmospheric  Sciences  Lab.  Whne  Sands  Missile 
Range.  N Mei 

ERBIUM  CA6ER  PROPAGATION  IN  A C02  ATMOSPHERE 
IN  THc  NEAR  INFRARED 

Kenneth  0 Whrie  C Howard  HoH  Stuart  A Schieusener  <New 
Max  Stele  Unrv  . Lac  Cruces),  end  Robert  F Cellee  (NOAA 
6ou:der  Goto)  in  AGARO  PropegsMun  Limitations  m Remote 
Sensing  Oct  1971  5p  refs  ISee  N72  16085  07  07) 

Avail  NTIS  HCS6  00/MF  $0  95 

The  trensmission  of  laser  energy  m e carbon  dioxide 
atmosphere  has  beer»  maaiursd  in  the  1 54  micromateri  spectral 
region  An  erbium  teier  w#s  used  whicn  nso  two  ouipm 
emesion  regions  in  the  eyo-sefe  realm  of  the  spectrum  The  C02 
sample  was  containsrf  m a pressure  and  temperature  controlled 
20  m,  White  cell  The  monitor  end  transmitter  laser  puisee  were 
delected  by  germanium  photodiodes  er>d  recorded  on  e duel 


parameter  pulse  height  aneiyier  which  provid9d  a real  time 
ir^Sication  of  the  trer.smissicn  and  the  quality  of  the  data  A 
spectral  scan  ovar  th*  laser  output  was  obtair>ed  by  ser>dir>g  a 
poition  of  the  laser  beam  through  a 3 3 m grating  spectromater 
which  was  preset  to  a narrow  spect.ei  region  withm  one  of  the 
two  output  regions  of  the  laser  The  spectrometer  was  scanned 
over  the  laser  output  and  the  transmission  obtairted  as  a function 
01  wavaiength  Data  and  theoretical  cekuieiions  are  presented 
for  a 480  m path  langih  a tamperature  of  30  C and  a C02 
pres^urt  of  one  eimosphera  Author 

N7Z-1B109I  Kartses  Un;v  LJwranca  Ca.iler  for  Reeearch. 
Inc 

EFFECT  OF  ANGULAR  VARIATION  ON  TERRAIN 
SP5CTRAL  REFLECTIVITY 

Dwight  D Egbert  and  Fawwax  T Ulaby  In  AGARO  Propagation 
Limiiationi  in  Remota  Sensing  Oct  1971  IO  p refs  (See 
N72  16085  07  07) 

(Contrect  0AAK02  68  C 0089) 

Avail  NTtS  HC  $6  00/MF  SO  95 

A ie:^hniQua  is  detcribed  that  datarmmas  the  optimum  filter 
combmeiions  and  the  feesibility  of  multiband  photography  in  the 
visible  and  naar  mfrarad  regions  in  planning  ramota  sensing 
missions  The  test  orovides  muttispectral  reflectivity  curves  not 
on'y  for  targets  to  be  >denhfied  but  ai  d lor  :hosa  backgrourvN 
age>nsi  which  they  are  encounterao  The  procedure  ir%corporetea 
a method  for  determining  spectral  raflectsnce  ss  a function  of 
solar  aMrtude.  mcidencs  look  angle  end  eximulh  took  engle  Thta 
enguler  depervlence  of  raflactivity  i'..  significant  and  an  iid  m 
delecting  certain  targets  It  was  found  that  for  one 
target  background  pair  lasphaii  and  grass)  ihe  contrast  raiio 
ranges  (>om  2 1 lo  0 5 1 under  (jtfferer'l  angle  condilione 

Author 

N72-161104  Army  Engineer  Topographic  labs  Fort  Bsfvpir. 
Va 

THE  USE  OF  COLOR  AERIAL  PHOTOGRAPHY  IN  THE 
RECONNAISSANCE  OF  SOILS  AND  RUCKS 
Abraham  Anson  In  AGARO  Propagation  Limitations  m Remote 
Sensing  Oct  1971  10  p refs  (See  N72-16086  07-0?) 

Avail  NTIS  MCSeOO.'MF  $0  95 

A spccialiied  interpretation  of  soils  ar^d  rocka  can  be 
obtained  from  aerial  photography  m color  In  using  aariai  color 
film,  the  three  layer  emulsion  presents  a mjra  readily  underatooo 
apectral  relationship  than  can  be  obtained  from  black  ard  white 
film  the  reconnaissance  of  inaccessible  areas  with  tha«r  rock 
structures  IS  more  rapidly  analyzed  ihan  solely  by  gfOur>d 
expioraiion  Geologists  enaiy/e  soil  conditions  using 
1 20  eXX)  scale  aerial  color  and  infrared  photographs  together 
with  sparse  generalized  ground  information  Author 

N72  16111#  Kansas  Un-v  . Lawrence  Dep!  of  Geography 
AN  ANALYSIS  OF  MUITI8PECTRAL  IMAGERY  FOR 
TROPICAL  LAND  USE  DISCRIMINATION 
Roland  0 Mower  In  AGARO  Propagation  Limitatione  in 
Remote  Senamg  Ocl  1971  16  p reft  (See  N72- 16065 

07  07) 

(Contract  01  14  08  0001  12077) 

Avail  NTIS  HC$6  00  MF$0  95 

Im.'gery  data  from  a number  of  (light  Imea  over  Puerto  Rico 
ware  enaiy/ed  to  determine  to  what  extent  aelected  larW  use 
desses  could  be  discrimmsted  usmg  conventional  image 
interp'etelion  techniques  The  results  were  then  compared  wrth 
those  obtained  through  use  ol  a aemi  automated 
denaitomeier/compuier  piocest  The  temi  automated  technique 
wes  alto  employed  to  determine  which  of  the  nine  imageiv 
channels  (Ekiachrome  blue,  green,  rad.  and  IR.  muiuband  blue, 
grvsn  red  and  IR  and  IR  scanner)  provides  the  best  discrimination 
for  each  of  the  :ar>d  ut«  ciaases  considered  A number  of 
leniaiivt  conclusions  were  made  regarding  the  reieirve 
performance  of  the  imagery  chanr\els  tested  Author 

N72  1S112#  TRW  Systems  Group  Redondo  Beech  Calif 
SEA  BRIGHTNESS  TEMPERATURES  AT  MICROWAVE 
FREQUENCIES 
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R J Wtgi^r  and  P J Lynch  in  AGARD  Propagation 
l>r.iiai*oni  m Ramota  San^mg  Oct  1971  16  p rat*  tSoa 

N72  10065  07  07) 

Avail  NTIS  HCS6  00/MF  S0  9S 

A compiate  gaomatncai  optica  theory  c*  r04<gh-turfaca 
amiMKKi  and  acattanng  i»  devaiopad  which  accounts  aMpltcitly 
lor  turfaca  shadowing  effeos  arvd  the  coninbutiona  ol 
doubla-acanarad  radiation  Tha  validity  of  the  emission  theory  ^ 
teatao  by  comparing  the  ratuits  with  a case  for  which  the  a~ici 
solution  rs  kfx>wn  A theorem  i$  proved  which  establishes,  lor 
the  domain  of  geomatnca!  optics  the  aitstanca  of  rigorous  upper 
and  lowar  bounds  to  the  effects  of  surface  roughness  on 
bright ''•as  tampeisiu'es  »h*  Paska  raprasentaticn  yields  the 
upper  bour>d  provided  shadow  corrections  at  least,  are  included, 
while  an  aharnativa  rcprasar\taiton  provides  ths  lowar  bound 
Microwave  brightness  temperatures  for  (he  sea  a.*e  calculated  for 
a cylindrical  roughness  modal  Double  scalter  contnbutmns  are 
shown  to  be  appreciCXe  ^'--d.  with  their  irxlusion  accurst# 
calculation  of  briyhtrwss  terr.»  arstures  IS  possible  A model  for  a 
wind  drnren  spray  layer  is  intsgraied  mto  the  theory  arwJ 
semi  emprical  corrections  (or  foam  added,  tha  results  agree  well 
with  rough  sea  data  Author 


N72-16113f|f  Air  Force  Cambridge  Research  Labs  Bedford 

Mass 

STATISTICAL  METHODS  OF  INDIRECT  PROBING  OF  THE 
ATMOSPHERE 

V J Falcone  Jr  and  K Mario  in  AGARb  Propagation 

Limitations  in  Remote  Sensing  Oct  197 1 5 p refs  (See 

N72  >6005  07  07» 

Avail  NTIS  HCS600  MFS095 

Three  statrstica*  methods  lor  mversion  ol  the  radiative 
transfer  equation  (or  any  Fredholm  integral  aquation  of  the  first 
sirOi  ere  exemmed  ^u>  (he  .niuiuweve  tcyuii  uf 

electromagnetic  spectrum  the  unknown  fun<‘(ion  to  he  determined 
under  (he  integral  of  the  radiative  transfer  equation  is  the 

atmospheric  lempe/aiure  Westwater  and  Strarid  deieimina  the 
temperature  profile  by  applying  linear  estimation  theory  Tikhonov 
on  (he  other  hand  assumes  i smoothing  lunciionai  which  is 
mmimiiad  by  the  Euler  Lagrange  equation  These  two  methods 
are  shown  to  be  equrvaient  whei^  appropriate  identification  of 
terms  is  made  and  where  the  regulan/ation  term  of  (he 

smoothing  functonal  >5  o linear  differential  operator  This 
equivalence  is  shown  by  use  of  Bayes  estimation  which  is 
equivalent  lo  (he  imear  estima'ion  theory  and  in  which  the  same 
functional  form  a*,  the  smoothing  luncticnal  is  miOimi/ed 

Author 


N72  16114a  Office  National  d Etudes  et  de  Reche'Ches 
Aerospatiaies.  Pans  {France) 

IMAGE  ANALYSIS  BY  MULTIPLEX  COOING 
Andre  Girard  In  AGARD  Propagation  Limiiatior-s  in  Ren.oie 
Sensing  Oct  1971  15  p refs  In  FRENC'-f  ENGLISH 

summary  (S^e  N72  16005  07  07) 

Avail  NTIS  HC  $6  00.  MF  $0  95 

An  incohernet  radiation  distribution  rs  analyzed  by  means  of 
a system  whose  radiation  transducer  is  a Hux  detector  receiving 
incoming  signals  m a coded  lorn  ’'he  coding  uresents  the 
characters  of  a multiplex  method  ii  >sures  ti'e  optimum  use  of 
the  available  time  to  analyze  die  distribution  i.-oder  study  as  the 
flux  detector  receives  during  the  whole  analysts  irrne  the 
radiation  issued  Irom  aii  the  elements  of  the  space  foriction  A 
gem  m the  signal  riois^  ratK)  >s  thus  obtained  as  co  -pared  to 
rjirfcl  analysis  methods  The  spectral  range  considere-i  is  m the 
infrared  region  According  to  the  first  expenmeniai  results 
obtained  the  use  of  pseudo  random  binary  cyclic  codes  seems 
the  best  iri  view  of  tbe  practical  advantages  they  offer  Author 


N72  161104  Max  Plar^ck  Iristilul  fur  Aerunomio  Lmdau  Uber 
Nodheim  (West  Gerruanyi 

AN  APPLICATION  OF  THE  MONTE  CARLO  METHOD  TO 
REMOTE  SENSING  SYSTEMS 


4 Roetiger  in  AGARD  Propagation  Lirvations  m Remote 
Sensing  Oft  1971  10  p refslSeeN72  lhO05O7  O7i 

Avail  NTIS  HC  SeOO.'MF  S0  95 

The  reliability  of  remote  sensing  systems  making  use  of 
electromagnetic  wave  propagation  is  corisiderabiy  influenced  by 
propagation  timriaiK>os  due  to  the  varying  refractive  index  of  (he 
passed  and  sensed  medium  Monte  Car  o calculations  sirnulatmg 
an  experiment  by  statistical  computer  rrvathematics.  are  earned 
Out  for  ionospheric  otf-greai  cri  le  propagation  on  the 
transequatonai  radio  path  Lmdau  West  Germany  Tsumeb  South 
West  Africa  These  calcjlabont  yield  information  about  the  error 
probability  and  reliability  cct-^nrning  the  determination  of 
sidereflecticn  areas  in  the  eciustonai  zone,  using  probabitiiy 
distributions  of  (lie  paramcifi's  of  K>nc.>pheric  wave  propagation 
Statistical  tests  prove  that  the  resul's.  computed  from  remote 
measured  data  by  means  cf  a Munie  Carlo  technique,  agree 
Sufficiently  well  with  direct  nieasu-e'  lenis  at  the  equator 

Author 


N72  16116*  Michigan  State  U-nv  . East  Larsi  ig 
TURBULENCE  AND  REFRACTIVITY  CHANGES  AND  THEIR 
SENSING  BASED  UPON  THE  WAVE  M*^CHANICS  THEORY 
M Z V Krzywoblocki  In  AGARD  Prooaydtion  Limitations  m 
Remote  Sensing  Oct  1971  10  p refs  tSee  N72  16085 

07  07i 

Avail  NTIS  HCS6(X  MFS0  95 

Some  methods  if  the  quantum  field  thecry  m statistical 
physics  are  applied  to  a Bose  type  of  medium  fluid  The 
application  of  Die  wave  mechanics  theory  lo  a spatial  domain  in 
a turbulent  tirld  is  outlined  and  the  propagation  of  waves  m • 
turbulent  rr^.dium  is  formulated  by  the  Tatarski  method  This  is 
accompan.ed  by  a discussion  oi  wave  scattering  in  ihe  turbulent 
aimospnere  as  well  as  of  the  influence  of  the  torbuleni  field 
upon  the  magniiurle  dnj  the  variation  of  (he  refractive  index  for 
imO'o  W4ve>  Suu<.c»»iu!  • of  the  concept  of  rC-metC 

sensing  to  the  status  of  atmospheric  turbulence  and  reitactivify 
vanaiions  IS  vhown  Author 

N72  16117j  KanSe  • Univ  Lawrence  Center  for  Research, 
inc 

ON  B ACKSCAnEHINC  FROM  TWO  SCALE  ROUGH 
SURFACES 

A K F'jOy  and  M L Chan  In  AGARQ  Propagaiion  Limitations 
in  Remote  Sensing  Oct  1971  13  D rels  'See  N7J  16085 

07  07i 

'Contract  NASI  10048) 

tNASAffl  1254S2)  A>.aii  NTlS  HC  $6  00  MF  $0  95 
CSCl  20N 

The  two  scale  cumposiie  rough  surfacr?  model  usually 
considered  is  one  ntade  up  ol  large  unJulal.ons  over  which  small 
irreyurari-.es  are  superimposed  this  general  model  may  be 
furlhe  Slit  hvided  into  two  other  models  1 1 1 the  large  undulations 
are  larg  in  dmiension  thun  that  of  the  iiluir.inaied  area  so  that 
within  the  beam  of  illumination  the  p.ciure  is  a tilted  perturbed 
plane  and  t2)  the  large  undulations  are  of  such  a size  that  at 
least  several  undulations  can  be  found  wiihm  the  beam  ihe  first 
rriodel  i9  essentially  the  sm«ill  perturbation  model  The  second 
mode)  IS  much  niore  complicatetJ  the  contribution  from  the 
small  irreriulariiics  may  ho  computed  t>y  summing  powers  from 
the  large  facets  constituting  the  large  undulations  The  total 
contribution  from  the  composite  surface  is  then  taxen  to  be  that 
from  the  large  uoduldT'Ons  plus  that  from  the  small  if  regularities 
averaged  over  the  ^lfgc  undulations  If  the  non  coherent 
assumption  .5,  f,ot  rr.ade  the  total  scattered  field  from  the 
illuminated  area  mu  fie  c onipuied  before  evaluating  the  power 
This  IS  the  afiproacti  sriopied  by  this  paper  to  calculate  both  the 
vedicaiiy  and  horizontally  tiolanjed  scaitenrig  coefficients 

Author 


N72  10110*  Wisconsin  Univ  Mad'Sori  Ofcpi  of  Electrical 

Engineering 

THE  IDENTIFICATION  OF  INHOMOGENEOUS  MEDIA 
FROM  TRANSIENT  DIFFUSION  OF  ELECTROMAGNETIC 
FIELDS 
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J N Towle  In  AGARO  Propegaitor  't«nitilM>ni  in  Remote 
Seneing  Oct  1971  9p  rate  I608507-07I 

(Grants  NSF  GK  231  1 NSFGK-212181 
Ava>l  NTIS  HCS6  00/MF  $0  95 

For  the  purposes  of  magneto-telluric  «xploratK>n  the 
per>elretion  of  electromagnetic  erwrgy  >nto  the  conducting  strata 
presented  by  the  earth  s crust  may  be  described  by  the  parobo(*c 
equation  of  diffusion  with  a spatially  dependent  coetficien*  A 
difference  differential  solution  to  this  equation  is  irnplemanted  on 
a hybrid  computer  and  the  retjinng  lime  dependent  soiuttons 
are  studied  Boundary  conditions  of  the  Neumenn  type, 
corrtsponwing  to  the  specification  of  magr'etic  field  on  the 
boundary,  are  appropriate  for  the  detern  inetion  of  electric  f>e*d 
in  the  cortducting  medium  The  additional  bour^jary  corvdrtions 
imposed  by  specification  of  electric  field  on  the  boundary 
provides  the  necessary  information  for  the  synthesis  of  a 
previously  unkrvpwn  conductivity  profile  Author 


N72  I6119/i>  Kansas  Ur^iv  Lawrence 

WORKSHOP  ON  RADAR  SCATTERING  HELD  TUESDAY 
AFTERNOON  22  JUNE  1971 

R K Moore  In  AGARO  Propagation  Limitations  in  Remote 
Sensing  Oct  1971  7 p (See  N72- 1 6085  07  07j 

Avail  NTIS  HCS6  00/MFS0  95 

Three  topics  are  discussed  Radar  backscafter  from  the  tea. 
the  need  for  microwave  date  cn  dielectric  properties  of  natural 
surfaces  and  objects,  and  slant-range  measurements  by  the 
nar>osecondpuls6  radar  The  most  significant  conclusion  to 
amerge  is  that  insufficient  data  are  available  on  the  dielectric 
constants  of  natural  materials  (ice.  vegetal  on  soil)  measured  m 
Sftu  Author 


It  appears  that  the  orediction  of  the  Arctic  ionosphere  in  (he 
menr>er  end  with  the  accuracy  accomplished  for  moderate 
letfiudee  is  not  yet  possible  However,  from  already  ettebldhed 
general  penarne.  it  seems  feasible  to  provide  an  houdv  updated 
er^  feirfy  accurate  description  by  reel  time  proceeerr\g  of  date 
from  a few  obeervir>g  stations  A number  of  suitebM  observing 
techniquee  are  discussed  Au^  or 


N72*2l124/lf  Imperial  Cdi.  of  Science  end  Technology,  London 
(England)  Physics  Dept. 

THE  POLAA  $XO$PHERIC  PLASMA 

J 0 Thomas  and  A D.  R Phelps  m AGARD  Rader 
Propegeiion  m the  Arctic  Jan.  1972  11  p rafs  (See 

N72-21121  12  07) 

Avail  NTIS  HC$6(X)/MF  U)95 

The  mai'i  features  of  tha  spatial  distribution  of  plasma  in 
the  eerth'a  polar  exosphere  deduced  from  satellite  obeervetions 
ere  deecr>b^  end  related  to  recent  measurements  of  irv:oming 
perticiee  of  megnetosphenc  origin,  particularly  in  the  low  energy 
rai^  (about  1000  e\^  The  top«cs  include  (1)  the  termination  of 
the  terreetriel  plesmesphere.  (2)  th#  identification  and  location  of 
e rmg  or  torus  Of  enhanced  plasma  density  surrourwfing  each 
pole  stationery  with  respect  to  the  lun.  and  under  which  the 
earth  rotates.  (3)  'he  geomagnetic  control  of  loniasnon.  with  the 
recognition  of  effects  occurring  at  certain  univermel  times 
aeeocieted  with  th^e  geometry  of  the  geomagnetic  skis  earth-sun 
line  system:  end  (4)  the  pder  wind  Some  of  the  mam  physical 
processes  <^ontribuiing  to  both  staric  as  well  at  dynamic  features 
of  the  overall  structure  of  the  polar  plasma  distribution  era 
introduced  Author 


N72‘2112l|  Artvisory  Group  for  Aerospace  Research  ar>d 
Development.  Pans  (France) 

RADAR  PROPAGATION  IN  THE  ARCTIC 

Jon  Frihegen.  ed  Jen  1972  430  p reh  Presented  at 

Specialists  Meetmg  of  the  Electromagnetic  WiWe  Propagation 

P nel  of  AGARO.  Lr>dau/Her2,  West  German/  13  17  Sep 

1971 

lAGARO-CP-97)  Avail  NTlS  HC  $6  00/MF  $0  96 

The  chareciensitcs  and  effects  of  the  Arctic  lorv'Hphere  on 
radio  arid  radar  propagation  ere  considered  Cxpenm^ntel  arvl 
theoretical  efforts  m the  field  are  review'Hf  For  mdividusl  titles, 
see  N72  21  122  through  N72  21163 


N72-21122I  Communicetions  Research  Centre.  Onewx 
(Ontario) 

MORPHOLOGY  OP  RAOfO  RAOAR  POLAR  PROPAGATION 
EFPECT9 

T R Marti  M AGARO  Redar  Propagation  m lh«  Arctic  Jan 
1972  iBp  ret,  (S-e  N72  21 121  12  07) 

Avail  NTIS  HCS6  00/MF  $0  95 

A variety  of  obeervationfi  data  are  levewed  for  (he  polar 
upper  eimoephere.  end  perticularty  for  morpholo^icei  patterns 
deduced  for  partick  precipitation  eseociated  with  auroral 
phenomena  end  w:th  p>olar  cep  disturtuinces  The  significance  of 
dfffereni  portions  of  such  perterns  art  discussed  with  reference 
to  particle  erwrgies.  sources,  end  ionospheric  vher>get  dunr>g 
daturbed  intervals  Statistical  dets  are  given  on  the  diumel. 
seeeonel.  and  spatial  variation  of  such  associated  propagation 
effects  as  absorption,  scintillation,  dispersion  etc  . along  with 
their  correlelion  with  magnetic  aciivu/.  spread  F.  aporadic  E 
vrtual  aurora,  and  radio  noise  observations  In  addition,  the  storm 
lime  verietior  of  some  of  these  pher>omene  ere  discussed  from 
the  point  of  view  uf  their  short  term  effects  on  redio  wave 
propagation  Author 


N72-21123#  Air  Force  Cenbndge  Research  Labs  L G 
Her>ecn  Field.  Mass 

Dll  MODELLING  THE  ARCTIC  IONOSPHERE 
G J Gassms”  In  AGARO  Radar  Propagation  in  the  Arctic 
Jen  1972  Oo  refs  (See  N72-21 121  12-C7) 

Avail  NTIS  Hi:  $6  00/MF  $0  95 


N72-21l2$i(l  Air  Force  Cambridge  Research  Labe.  L G 
Hanson  Field.  Mass 

A DISCUS8ION  OF  ARCTIC  lONOORAMS 
R A Wagnsr  and  C P Pike  In  AGARD  Radar  Propagation  m 
the  Arctic  Jen  1972  20  p refs  (See  N72-2 1 1 2 1 12-07) 

Avail  NTIS  HCS6  00/MF  $0  95 

Eiemples  of  Arctic  lonogrem  sequences,  recorded  on  the 
AFCRL  fly  mg  ionospheric  laboratory,  ere  presented  It  is  shown 
that  (1)  lonogram  sequences  fecilhete  ths  interpretation  of 
oblique  incidence  echoes  from  E er>d  F layer  heights  (2) 
Paremeters  of  the  Arctic  ionosphere  can  be  mapped  by  using  ths 
auroral  oval  as  an  ordering  eystem  (3)  Verticel  end  oblique 
incidence  echoes  appearing  on  ground  station  lonograms  can  be 
interpreted  >n  terms  of  (he  station's  position  relative  to  the 
eurprel  oval  The  analysis  of  e three-hour  flight  with  six 


'd  shows  the  close 
choes  and  diecrete 
cans  through  the 
jtrvity  revealed  the 
iich  IS  oval -aligned.  'S 


latitudinal  scans  underneath  an  auiorr 
ipfeiionship  between  aLror8l-t\pe  spor 
auroras  The  investigation  of  43  latr 
eufoisl  oval  during  times  of  low  mag 
exwtence  of  • panirJe-pfoduGed  E layer 
2 to  6 deq  wide  m .'orrected  aeomagnetic  latitude  arid  occurs  at 
ell  corieci.d  geomagnetic  times  This  layer  products  the  night  E 
layer  An  lonogram  analysis  procedure  which  uses  oblique 
mciderKe  F layer  echoes  is  derrionsirated.  and  the  feeiibilrty  ts 
suggested  of  morotoring  the  latitude  of  the  southern  edge  of  the 
poffr  F layer  irregularity  lone  by  using  this  lechniQje  Author 


N72-21126#  Stanford  Research  Inst  . Menlo  Park.  Calif 
POLAR  PROPAGATION  EFFECTS  ON  VHF-UHF  RADARS 
Walter  0 Chestnut  In  AGARD  Radar  Propagation  in  the  Arctic 
Jen  1972  38  p *efs  (See  N72 -2 1 1 2 1 12-07) 

Avail  NTIS  HC  $6  00/MF  $0  95 

The  effects  upon  VHF-UHF  radar  which  are  considered  are 
Wive  distortions  caused  by  wave  interaction  with  E jnd  F region 
auroral  ionization,  including  auroral  bsckacatter  (auroral  clutter) 
er>d  forward  scatter  that  leads  to  emplitude  end  angle  ecir  (illation 
Recent  resu.ls  of  pulse-reder-oackacatter  studies  from  e jrore  are 
reviewed  end  theories  of  irregularity  production  ere  considered 
Aurorelly  produced  radar  tracking  arid  amplitude  scintillation  are 
discussed.  Some  results  from  aurorally  disturbed  monopulse 
tracking  of  satellites  are  presented  Author 


07  COMMUNICATIONS 


127 


N73-21127f  NMion*l  n«M*rch  Council  of  Canada.  Ottawa 
lOntaiio).  Asirophyaics  Branch. 

OBBtMVATIONS  OF  4B  MHt  AURORAL  RADAR 
RRORAOATION  ON  A NETWORK  IN  THE  AURORAL 
ZONE 

A 0 McNamara  In  AGARO  Radar  Propagatiotta  in  tfw  Aicttc 
Jan  1972  8 p raft  iSaa  N72-21121  12  07) 

Avad  NT1S  HCt6  00/MFS09S 

Four  auioral  tac'ara  arc  oparalad  on  a cori.nuoua  baa*  a< 
Ottawa.  Thompaon.  Ciurchill.  arxl  Graal  Whala  in  Canada  Tha 
Ottawa  radar  ia  at  40  dag  laiituda  and  iha  otltar  thran  art  ai 
appraximaialv  67  da<7.  in  tha  auroral  lona.  Tha  high  modartca  of 
auroral  pctivitY  at  that#  locations  parmitt  both  ttaiiatical  and 
dataMad  tingla  avant  stuOica  of  radio  aurora  morphoiogv  and 
icanarirtg  macfiamtmt  In  voita  of  magnatic  asptct  control, 
strong  auroral  backacattar  tigi  alt  are  datactcd  at  all  aiimutht 
with  aapact  angles  of  up  to  25  dag  Irom  Iha  magiMtic 
perpendicular  These  oOaervaliont  treaie  difficulties  m esplaining 
radar  aurora  m terms  of  K>n  econttic  vravet  developad  from 
linaar  models  such  ea  tha  two-straan'i  malability  theory  As  w"ll 
sa  dircci  auroral  backscattei.  tha  r.adars  somelimas  rfaieci 
sporadic  E propagated  ground  scaner.  usually  m asaocianon  with 
auroral  disturbance  the  simultaneous  obaarvationt  of  these 
auroral  phenomena  by  the  multiple  stations  permit  more  rtefmiiive 
measurements  of  the  processes  involved  Author 


N72-2112B]|I  MsA-PlarKk-lristrlut  fuer  Aeronomie.  Lindau  Ubar 
fSorthaim  (West  Gaimanyl 

CURRENT  EXPERIMENTAL  RESULTS  FROM  A VHF  CW 
AURORAL  BACKSCATTER  NETWORK  IN  SCANDINAVIA 

0 Langa-Hesse  In  AGARO  Radar  Propagation  in  the  Arctic 
Jan  1972  16  p refs  (See  N72  21  121  12  07) 

Ava  l NTIS  HC  S6  00/MF  S0  9S 

VHF  bistat..;.  continuous  wave  auroral  backacattar 
communications  (radio  auroral  earned  out  since  autumn  1967  on 
a network  in  Scandinavia  and  northern  Germany  were  enafytad 
with  respect  to  tha  influence  of  daytime,  seasonal,  and 
geomagnetic  latitude  on  fiequency  occurrence  Esamplea  are 
prasenled  whth  show  the  close  control  of  the  VHF  auroral 
backteatte*  by  the  polar  sisctroiel  Examples  are  given  for  (ha 
correlation  between  op:ical  and  radio  aurora  Author 


N72-21129I  Stanford  Research  Inst  . Menlo  Park.  Calif 
AURORAL  RADAR  BACKSCATTER  STUDIES  FROM 
.HOMER.  ALASKA 

W G Chestnut.  J C Hodges,  and  fl  L Leedsbrand  In  AGARO 
Radar  Propagation  in  the  Arctic  Jan  1972  1 1 p refs 

Sponsored  m part  by  OASA.  NSF.  and  RAOC  (See  N72-21121 
12-07) 

Avau  NTiS  HC  $6  00/ MF  $0  95 

Radar  aurora  were  studied  using  a backscatter  radar  at  six 
frequencies  from  50  MH>  to  3000  MH<  It  was  found  that  the 
frequency  dependence  of  tha  voluma  scattering  cross  section  of 
the  auroral  echoes  » nearly  exponential  with  frequency  The 
alopa  of  this  frequency  dependence  was  found  to  vary  with  time 
but  averaged  33  db  per  1000  MHi  The  magnetic  aspect 
sensitnrilv  was  found  to  be  nearly  independent  of  frequency,  the 
scattering  cross  section  decreased  by  about  10  db  per  degree  of 
aspect  angle  Auroral  radar  echoes  at  a fiequeiKy  of  139  MHr 
were  compered  with  the  location  of  particle  precipilation  as 
measured  durng  fourteen  passes  of  Die  OVI-tB  satellite  It  it 
found  that,  except  for  pecods  of  vary  active  aurora,  mghnime 
radar  aurora  was  never  coflocated  with  peaks  m proton  energy 
flux  Where  s radar  aurora  was  located,  measured  panicle 
precipilation  fluxes  were  adequate  to  produce  equilibrium  E 
region  sfsetron  densities  greeter  than  70.000  el/cc  Thus  E 
region  electron  densities  necessary  lor  radar  auroras  seam  to  be 
produced  by  precipitating  panicles  Author 


N72-21130f  LirKOln  Lab.  Mass  Inst  of  Tech.  Lexington 
SOME  PROPERTIES  OF  RADAR  AURORAL  ECHOES  AS 
OSSERVEO  AT  A FREQUENCY  OF  1296  MHi 


T hfagters  In  AGARO  Rader  Propagation  m the  Arctic  Jan 
1972  IBp  rels  (See  N72-21121  12-071 
Avail  NTIS  HCS6  00/MFS095 

Obaarvationa  are  desenbad  of  radar  auroras  mads  at  a 
frequency  of  1296  MHt  from  Millstorte  Hdl.  Maeaachusens 
From  maps  of  power  returned  versus  atimuth.  elevation  angle, 
and  range  of  specific  events  of  diffuse  aurore.  it  was  found  that 
a ritean  height  of  auroral  echoes  is  close  to  ' 10  km.  that  tha 
half  power  thickness  is  7 km.  and  that  the  power  scartered 
drops  3 db  whan  t)te  aspect  angle  with  respect  to  Dts  magnetK 
field  IS  incrsaaed  from  isro  to  0 4 deg  Spectral  analysia  of 
echoes  returned  from  a voluma  of  10  x 10  x 10  cu  km  with  a 
rsaolution  of  600  li  reveals  a greet  vsnety  of  spectra,  many  of 
which  are  nairow  and  displaced  as  if  Irom  an  lon-acoustic 
density  mstsbiliiy  Other  spectra  are  wide  and  contain  contributions 
from  approaching  end  receding  waves  simultaneously  The  wide 
spectra  apparently  are  aasociatod  with  regiont  where  the  radar 
beam  is  normal  to  the  electrojet  current  Simultaneoua 
obaervaiiona  of  auroral  achoes  and  particle  precipitation  show 
that  radio  auroias  may  be  observed  without  any  msssursbis 
electron  pieciptation  Author 


N72-21 131*j|f  National  Aeronautics  end  Space  Administration. 
Goddanl  Space  Flight  (Center.  Groenbelt.  Md 

MICROSTRUCTUF.E  OF  RADIO  AURDRA  BCATTERINO 
REGIONS 

A Egeland  (Oslo  Univ . Norway).  J.  Holtet  (Oslo  Univ  Norway), 
end  N C Maynard  In  AGARD  Radar  Propagation  in  t)te  Arctic 
Jan  1972  lip  rrfs  (See  N72-21  1 2 1 12-07) 
(NASA-TM-X-68302)  Avail  NTIS  CSCL  20N 

Summaiias  are  presanted  lor  studies  ol  radio  scattenryg 
from  auroral  ■oniistior'  Analyses  were  made  ol  auroral  reiurne 
from  scaled,  pencil  beam  redid  systens  A brief  diacusaion  of 
scattering  theories  is  given  Measurements  of  smell  ecale  fields, 
particle  precipitation,  and  auroras  ere  described  The  mciostructurs 
end  dynairiics  ol  euioiea  eie  also  conaiJeieJ  Author 


N72-21132I  Western  Ontario  IJnnr . London  Centre  lor  Radio 
Science 

ION  ACOUSTIC  WAVES  IN  AURORA 

P.  A Forsyth  and  G.  F.  Lyon  In  AGARD  Radar  Propagation  in 
the  Arctx:  Jan  1972  Sp  rela  ISee  N72-2 1 1 2 1 12-07) 

Avail  NTIS  HC96O0/MF  $0  95 

Evidance  le  praeeniad  met  lon-acouenc  wavaa  axiti  m tha 
auroral  plaema  and  that  theee  waves  contnbule  to  the  scanarmg 
of  radio  wavae  at  both  VHF  and  UHF  Irequanciei  Recant  resulta 
suggest  that  this  kind  ol  clutter  will  be  ofaeerved  even  at 
latitudes  where  tha  line-ol-aighi  may  not  be  perpendicular  to  Die 
magnetic  field  lir<es  It  is  elao  tugqested  that  lon-ecouetic  waves 
may  contribute  to  the  angular  scintillations  observed  ct  high 
lantudee  for  rrensionoapnanc  propagation  pains  using  UHF  radio 
wevta  Author 


N72-21133I  Sevkatchewan  Unrv . Saskatoon  Inst  of 
Atmoapheric  Studies 

POLARIZATION  OF  WAVES  SCATTERED  FROM  AURORA 
A Ksvsdes  In  AGARD  Rtdsr  Propagalion  in  the  Arctic  Jan 
1972  13  p rsfi  (Ses  N72  21121  :2-07) 

Avail  NTIS  HCSeOO/MF  S0  9S 

VeiMxus  intorsctons  which  Issd  to  dspoferueiion  arid 
croes-polsrifstion  era  sximined  and  correlsled  :o  perticulsr  types 
of  eurors  and  piopertiss  of  Ihs  scaDsnng  medium  Experlmemst 
results  obtsinsd  from  comptsts  polsntttion  msasursmsnts  Sts 
used  to  demonsirats  the  nature  ol  these  iniarscnone  end  the 
reeulling  changes  in  ths  polsnzsticn  of  ths  propagating  wave 
The  expetimeniil  results  wars  obismsd  with  t iims-shering 
pdsnmetsr  which  recoedsd  six  orthogonal  components  of  surorslly 
bsckacettsrsd  n ves  at  42  MHi  Waves  scattered  in  th*  forward 
diraclion  ware  atudiad  with  partial  polariielion  meeeurementa 
liwo  orthogonal  romponenta)  of  radio  atar  acintillations  ftie 
porariaaiion  of  the  received  wave  correlalea  with  megnaiic 
acuvity  Author 
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N72-21194I  Rov*l  Rtdtr  E*t*bli*t<m«nt.  Mslv«m  (Englind). 
NONtPCCUlAR  IONOSPHERIC  CLUTTER  IN  THE  VHF 
AND  UHP  BANOS 

G.  N.  T«y)of  In  AQARO  RxUr  PropaoMir'  in  th«  Arctic  Jin 
1972  9 p r»h  ($•»  N72-21 121  12-071 
Avail  NTIS  HCS0OO/MFSO95 

Oia  intantity  of  watk  tcaltaring  hom  alaciron  danaity 
Irragulantiat  w tha  high  latitixla  kmoaphara.  in  <liracliona  not 
parpandkultr  to  tha  magnatic  riaW  ia  conaidarad  Signala  may 
cauaa  duttar  in  aanaitiva  radar  ayaiama  at  wavalangtha  batwaan 
10m  and  0.1m.  Tha  litaratura  ia  lurvayad.  to  obtain  typicai  and 
Norat  caaa  valuaa  ol  tha  rma  danaity  doviaiion  and  acala  ai«a  of 
tha  irragularitiaa.  and  to  aalact  appropriata  spatial  autocorralalion 
hiikCtiona.  Assuming  sn  iaotropK  distribution,  scattaring  cross 
sacticna  ara  calculsisd.  it  la  concludad  that  itonspecular  duttar  is 
ri«  liksty  to  ba  mora  intsnsa  than  tha  background  mcoharani 
(Ihomaon)  scsttsr  signals  a;  wsvalangths  lasa  than  about  4m 
unlOM  tha  acf  bacomea  markadty  non  Gaussian  Tha  spatial 
vanabdity  and  spactral  charactanstics  ol  incoharant  and 
nonapacUar  cluttar  signals  sra  discussad  briafly.  Author 


N72-21136#  Batlallo  Mamonal  Inst  . Columbus.  Ohio 
A PROGRAM  FOR  THE  INVESTIGATION  ANO  SIMULA 
TION  OF  AURORAL  INSTABILITY  MECHANISMS 
J T.  Colsman  In  AGARO  Radar  Propagation  in  tha  Arctic 
Jan  1972  lip  rala  (Saa  N72-21  121  12-07) 

Avail:  NTIS  HC  $6  00/MF  SO  95 

A program  is  dascnbad  for  the  simulation  and  analytical 
invssiiganon  ol  tha  scattaring  machanisms  ol  the  radio  aurora. 
Tha  program  a dividad  into  two  parts  tha  first  is  a simulation, 
on  a acalad  basis,  of  tha  important  plasma  machamsnu  ol  tha  E 
rogion  and  its  scattaring  conditions,  and  tha  sacond  is  a 
computation  of  tha  thaoratical  coharant  mtarsction  instability 
cross  aaetions  Esparimantal  avidanca  is  prasanted  for  sanaitivity 
ol  tha  coharant  cross  saction  to  tha  drift  currant  laval.  tha  local 
alactron  tamparatura.  tha  local  magnatic  fiald  intansity.  gradiants. 
and  othar  paramatars  Tha  thaoiatical  modal  astimates  tha 
diffaiantiti  radar  cross  Saclion  (in  the  hydrodynamic  approsimationl 
and  indudas  tha  aflacu  of  ralativa  drift  batwaan  loru  and 
atactrons.  artd  tha  gradient  in  alactron  c^ansiiy  In  its  praaant 
form,  tha  modal  includes  forward  scstlar.  backscsttar.  and 
ganaral  butatic  scatter  Tha  computation  includes  tha  fraouancy 
spectrum  introduced  by  interaction  with  wave  instabilities 

Author 


N72  21136#  Raytheon  Co . Sudbury.  Mass. 

PHASE  COHERENT  HF  RADAR  OBSERVATIONS  OF 
BARIUM  REUASES  IN  THE  ARCTIC  IONOSPHERE 
G 0 Thome  In  AGARO  Radar  Propagation  in  tha  Arctic  Jan 
1972  op  rsfiSee  N72-21  121  12-07) 

Avail  NTIS  HCSe00/MF$0  95 

Radar  obaarvations  ara  reported  which  shorv  that  the 
iSevalopmant  of  optH:al  siriations  is  accompanied  by  an  abrupt 
broadening  ol  the  Doppler  spectrum,  leading  to  raturna  with 
Oopplar  wKhhs  comperabla  to  those  observed  from  tha  natural 
radio  aurora.  In  contrast  to  the  natural  Kirtosphera.  the  borium 
plasma  a generated  at  a known  instant  of  time  and  is  confined 
to  a limited  voluma  of  space  This  makes  it  possiblii  to  study  the 
evolution  of  irregularities  in  this  plasms  as  a furtctkir  ol  time  and 
to  study  their  radar  aspect  aenartivity  without  using  rtarrow  beam 
antennas  Prior  to  optical  striatk. .-.  development,  the  barium 
clourf  bensves  as  e smooth  ovei  Jb.nse  target,  eahibiling  a 
daciats  Doppler  spectrum  and  p'odjcing  regular  Faraday  lading 
Altar  the  ilavalopmnnt  of  stna'ions.  the  Dc<pplar  spectrum 
becomee  drffuee  end  Fsrsday  fadirg  re  lost  Author 


N72-21137#  Kiruna  Geophyst  si  Observatory  (Sweden) 

POLAR  PROPAGATION  EFFECTS  ON  RADIO 
ASTRONOMICAL  ANO  SAT-LUTE  TRANSMISSIONS 
Ludwik  Ueike  In  AGARO  Radar  Propagation  in  the  Arctic 
Jan  1972  9 p rala  (See  N72-2112!  12  07) 

AvaS  NTIS  HCS6  00/MFS0  95 

High  latitude  sludiaa  of  scintillation  phenomenon  in  radio 
aignals  from  radio  astronomy  sources  ard  aatellitea  ara  reviewed 


Morphologv  of  high  latitude  scintillation  is  discussed,  including 
geographic  distnbutron.  diurnal  vanaliont.  and  lalalion  to  magnatir 
activity  Sludiaa  ol  atatictical  propartiaa  of  the  aignal  racarvad  on 
the  ground  were  found  to  ba  a useful  source  of  information 
about  the  nature  ol  irregularities  m ms  ionosphere  Studies  era 
ravtewad  with  emphesia  on  parsmeisrs  of  the  scintifistion' 
producing  layer.  Finally,  results  ol  height  determinations  using 
tha  apace  racaivar  method  and  satallita  Iranemisaiona  are  briafty 
dacuaaad  Author 


N72-21138#  Air  Forca  Cambndgs  Reaearch  Lobe..  L G. 
Haneon  Field.  Maas 

BATELUTE  SCINTILLATIONS  IN  THE  HIGH  LATITUDE 
F LAYER  IRREGULARITY  REGION 

Julaa  Aarona  In  AGARO  Radar  Propagation  in  the  Arctic  Jan 
1972  Bp  rah  (Sea  N72-21 121  12-07) 

Avail  NTIS  HCSS0O/MFSO9S 

Polar  obeervatione  from  Spitrbetgan  show  s trough  or 
dacraase  in  scintillation  index,  on  tita  night  tide  between  an  ovtl 
artd  a poUr  region  Using  radio  star  data  at  1 13  and  228  MHz. 
tcmtillttxzn  index  incraaaas  of  050  to  7 ware  noted  with 
iiKrtaaaa  m K inoax  (piopagalion  path  intaraaction  through  tha  F 
layer  (350  km)  at  67  dag).  Recordings  of  136  MHz  tataditt 
aignals  from  Ntrstaisauag.  Greenland  also  show  that  mean 
acintilletion  index  increatet  during  magnatic  storms  within  t!ia 
irregularity  region  Thule  obaarvations  ol  40  MHz  transmissions 
irtdicata  tha  overhead  paRam  at  invariart  latitudes  near  8F,  dpg 
A modal  is  prasantsd  ol  c cots  o higli  alactron  danaity 
■rragulsntias.  p'obably  cantered  above  t.te  auroral  oval,  but  with 
a high  cccurrance  of  irregularitias  over  the  oolar  cap  In  sr^rtiticw'. 
the  irregularity  region  at  lower  intantity  txtanda  below  tha  oval 
at  night.  Author 


N72-21139#  Western  Ontano  Untv  . London  Centra  for  Radio 

ANGULAR  DEVIATION  OF  RADIO  WAVES 

G F.  Lyon  and  P A Forsyth  In  AGARO  Radar  Propagation  in 
tbaArctic  Jan.  1972  5 p rtfs 'Sea  N72-21 121  12-07) 

Avail:  NTIS  HC  $6.00/ MF  $0.95 

Angular  oavistiona  due  to  lyptcal  dapanurat  from  horuontsi 
stratification  sra  modal'ad  In  patucular.  the  ttaap  gradiants  and 
troughs  in  alactron  density  typicsl  of  the  potsr  lonosphore  are 
considerad  The  results  suggest  that  systsms  which  depend  upon 
precise  measurements  ol  angle  of  srnval  lor  radio  waves  in  the 
frequency  range  at  least  to  the  upper  and  ol  the  VHF  range  may 
be  subiect  to  significant  unavoidsbis  error  Author 


N72-21140#  Norwegian  Oafance  Research  Esisbiishmanl. 
Kjellar 

HIGH  LATITUDE  BATELUTE  SCINTILLATION 
J Fnhagan  and  0 BraRang  (Auroral  Oba . Tromaoe.  Norway)  In 
AGARO  Radar  Propagation  in  tha  Arctic  Jan  1972  8 p refs 
(So#  N72-21121  12-071 
Avsil  NTIS  HC$eOO/MF  $0  95 

Numerous  mstsursmenis  of  the  height  ol  lonospheiic 
irrogulsnties  giving  r-pa  ip  satellite  sciniillaiion  have  thowr  them 
to  be  located  i;i  the  region  300-600  km  above  Ihe  ground 
Obaeivations  show  that  there  is  no  spprscisbia  reduction  in 
acintiHsLon  at  136  MHz  when  a sstsllila  Iotas  height  from  in 
excess  of  1000  km  to  lasa  than  300  km  When  observed  from 
Tromso  (70  dag  N)  the  m«an  scintillattoo  at  136  MHz 

incraaa#t  fforri  aouih  to  north.  irKreaaot  with  K.  showt  mghtiima 
maBima  and  jaytima  minima  Some  reaulta  of  alactron  danaity 
from  rockata  launchad  from  Andanaa  (69  da(i  N.  16  deg  S)  ahow 
airong  irregularitiea.  the  electron  denaity  va'ymg  by  up  to  25% 
over  a few  tani  of  meiera  north  of  auroial  forma  Over  the 
•uroraf  forma,  the  electron  denaity  vanea  amoothty.  Author 


N72-21141if(  Max-P1fock-ln.o  trtut  fuar  Aaroot'rmia.  Urtdau  Uber 
Norlheim  (Weat  Garmany) 

8ATELLIT'  SCINTILLATION  BETWEEN  43  DEO  AND  66 
DEO  NOf  HERN  LATITUDE  FROM  1964  TO  1969 
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G^ft)  K.  Hartmtnn  In  AGmRD  Rtdtf  Pfop»««tion  m \h%  AtrXK 
Ji\  1972  12  p r«ft(SM  N72-21  121  12-071 

Av«il;  NTIS  HC$6  00/MF$0.95 

Sine*  November  1964  till  Miy  1969  th«  r»6io  from 

tht  bPPCOn  Mtpllitt  ExplOffc  22  w«r«  cpntimioutlY  rocordod  tt 
liodau.  for  obtairtirtg  tt>a  ior>otpbaric  alactron  contar>t  from 
Faraday  offoct-  atmI  dMpartivt-Oo^ar-ftffoct  maMurarrMott.  Tha 
obuioi^  amplftuda  ar>d  phaaa  racordir>^  ware  compared  Whart 
the  root  mean  aquara  phaaa  daviattort.  duhr>Q  diatort»orM.  ag 
phaaa  acimillatioc.  was  equal  or  graaier  1 radian,  feat  ampirtuda 
acimMationa  that  axcaadad  6 dB  amplitude  v'lfiaiiona  were 
found  The  r^rrow  aci  filiation  belt,  which  was  obaerved  between 
60  dag  and  60  deg  lortham  geographic  latitude  corwati  of  two 
indaperKJam  ^ub-bcita  It  ia  auggeated  tha%  the  acintillal>on 
activity  mcraaaea  by  a factor  of  2 for  weak  acintillatiorta  and  by  a 
factor  of  4 atrong  acmtiHationa,  whan  Kp  eKcaeda  3c.  A 
aouthward  rr>otK>n  with  irKraaaing  magrratic  acirvity  waa  obaerved. 
In  aummar  the  SOFM  aaama  to  be  approximataly  2 dag  further 
north  than  m winter.  Author 


N72-21142#  Max  Plar>ck-lr\atrtut  fuar  Aaronomie.  Lndau  Ubar 
Norlheim  (Waal  Germany) 

POLAR  PROPAGATION  eFFECTS  ON  HF  RADARS 
H G Moeller  in  AGARO  Radar  Propagation  in  the  Arctic  Jan 
1972  15  p refa  (See  N72-21121  12-07) 

Avail  NTIS  HC  $6  00/Mf$0  9S 

The  CW  and  pulae  transmission  eKpenmenis  m the  auroral 
artd  aubeuroral  region  are  reviewed  The  phenomena  that  affect 
propagation  are  disperaion  of  F2  critical  frequency  and  herice 
honiontal  electron  densrtv  gradients,  field-aligned  irregularitiet  in 
the  F2  and  £ region,  auroral  £t.  and  0 region  absorption  The 
variation  of  these  phenomena  m time  and  space  end  the 
correlation  with  magnetic  activity  are  discussed  following 
s/ropagation.  effects  were  observed  due  to  these  phenomena 
Transmission  paths  trensversmg  hontontal  gradients  of  electron 
density  become  asymmetric  which  has  to  be  taken  into  account 
m MUF  calculations  Strong  curtains  of  irregularities  cause 
non  greet  circle  transmission  The  NOR  transmission  may  be 
advantageous  if  rt  results  to  a MUF  enhancement,  or  in 
bypasair>g  an  area  of  enhanced  absorption,  rt  is  disadvantageous 
at  lime  delay  of  the  received  signals  is  increased  The  enhsneement 
ta  often  obeerved  by  auroral  £s  Author 


N72'21143/il  Stanford  Research  Inst . Menlo  Park.  Celif 
FREQUENCY  DISTORTION  IN  AURORAL  HF  PROPAGA- 
TION 

J 3.  Lomax  In  AGARO  Radar  Propagation  m the  Arctic  Jan. 
1972  12  p refs  (See  N72-21 121  12-071 

Avail  NTIS  HC$600/MF$095 

The  HF  propagation  in  auroral  regions  results  m greeter 
frequer>cY  distortion  of  signals  than  that  encountered  at 
mid  latrtudes  Obeervational  data  on  the  characteristics  of  this 
dAlortion  as  taken  on  a transauroral  path  between  Palo  AHo, 
California  ar>d  Thule.  Greenland  are  presented  Oetaila  of  the 
freuuency  distortion  are  given  in  terms  of  measured  power 
spectral  densities.  Ooppler  shifts,  and  the  corresponding  phase 
fluctusticns  These  quantities  are  in  turn  related  to  the  temporal 
correlation  function  of  the  channel  Author 


N72-2tl44/f  Home  Air  Development  Cente*.  Griffiss  AF6.  N Y 
HIGH  ALTITUDE  H8  SIGNAL  TRANMISSION  CHAR- 
ACTERISTICS 

R A Mather.  B L Holtzc<aw  (GE  Co.  Syracuse.  N Y },  and  R 
W.  Swanson  (GE  Co . Syracuse.  N.  Y ) In  AQARO  Radar 
Propagation  m the  Arctic  Jan  1972  22  p refs  (See 

N72  21  121  12  07) 

(Contract  f30602-69  C-02 1 7) 

Avail  HTIS  HCS6  00/MF  S09& 

Mcasureme.-its  made  on  HF  sky  > eve  signals  propagated 
over  tw}  high  latitude  2000  nm<  paths  t^minating  at  a recervirtg 
site  in  cmtral  New  York  State  are  presented  Signal  charactaristics 
include  propagation  lose,  spectral  spreading.  ar>d  temporal 


spreading  ea  a function  of  signal  bandwidth  (either  7.7  kHi  or 
100  kHz)  The  trartsmittir>g  sues  were  located  at  Thule.  Greenland 
arxl  Keflavtk.  Iceland  so  that  HF  propagation  information  could 
be  coHected  on  e path  that  was  both  in  the  polar  cap  region  and 
in  midlatitude,  and  on  ona  that  passes  along  ar\d  through  the 
outer  edge  of  the  auroral  oval  Oblique  soundings  were  conducted 
over  each  path  sc  that  tha  mode(i)  of  propagation  for  the 
signal(a)  measured  could  ba  datarminad.  Analyses  of  the  reauhs 
obtsined  irxticated  that  the  spectral  snd  tamporal  spresdir^  are 
a very  strong  furKtion  of  the  mode  of  propegatioo.  eepectelly  for 
signals  uansmrnad  ovar  tha  Thule  patrt.  Tha  data  art  depictad  ar 
a furtetion  of  time  of  day  to  illuatrata  ih#  diurnal  variation  of  tha 
persmetafs  considered  Author 


N72-21146/)l  Radio  ar>d  Specs  Research  Station.  Slough 

<Ef>giar^) 

POLARIZATION  EFFECTS  ON  SKY-WAVE  PATHS  AT  HIGH 
LATITUDES 

P A Bradley  In  AGARD  Radar  Propagation  m th«  Arctic  Jen 
1972  9 p refs  (See  N72-2 1121  12-07) 

Avail  NTIS  HC  S600/MF  $0  95 

The  pnr>cipies  involved  in  the  determination  of  pdanzabon 
coupling  losses  on  sky-wave  paths  are  briefly  discussed  The  way 
these  losses  depend  on  the  limiting  polarizations  of  the  upgomg 
and  downcorring  wnves  at  the  bottom  of  the  lonoephare  are 
illustrated,  and  it  is  shown  that  at  (resiliencies  m excess  of  about 
2 MHz  Simple  expressions  are  available  for  these  limiting 
polarizations  which  are  independent  of  the  form  of  the  ionization 
profiles  Umiimg  polarizations  and  polanzatton  coupling  losses 
are  furKiiOns  of  wave  frequency  and  of  ray-path  directions  with 
respect  to  the  direction  of  the  earth's  magnetic  held  At  high 
laiitudea.  changes  in  the  angle  between  the  field  and  ray  path 
diievtiOiis  lead  to  markigrd  vdriat>ons  «n  po*dfiza>>or^>  coupimg 
losses  for  neirby  paths  Sample  calculations  are  piesental  for  a 
range  of  conditions  to  iliustrate  single  and  two-way  path  losses 
The  calculations  include  ihe  case  of  two-hop  paths  where  there 
are  additional  features  associated  with  Ihe  change  of  polarization 
at  ground  roflecticri  The  results  show  the  importance  of  the 
optimum  choice  of  aenel  polenzelion  The  way  m which 
backjcaiter  .amplitude  return  panerns  can  be  influenced  by 
polarization  effects  is  also  illustrated  Author 


N72-21146I  Air  Force  Cambndge  Research  Labs.  L G. 
Hanson  Field  Mrss 

spatial  correlation  of  AURORAL  RADIO  ABSORP- 
TION 

K Toman.  R J Cormier,  end  J J Corbett  In  aGARO  Rader 
Pmpagahon  m the  Arctic  Jan  1972  9 p reft  (See 

N72  21  12I  12  07) 

(Conuect  F19628-70  C 0237) 

Avail  NTIS  HC  S600/MF  $095 

The  tamporal  behavior  of  auroral  radio  absorption  was 
measured  with  nometers  at  i tedium  and  high  laiitude  dis.Jays 
complex  patterns  which  differ  spatially  These  differences  may  be 
limited  to  a time  displacement  of  otherwise  similar  absorption 
patterns  ir>dicating  a movement  which  could  be  interpretpd  in 
terms  of  a structured,  locally  onhariced.  precipitating,  energetic 
particle  stream  that  moves  over  a olographic  area.  In  order  to 
assess  numerically  tho  spatial  coherence  of  auroral  radio 
abeorption.  a correlation  study  was  undoriaken  of  absorption 
patterr>s  as  recorded  by  more  thar,  eignt  riometor  stattons  dunr>g 
five  days  of  varying  acuviry  containing  the  magnetic  storm  of  18 
April  1965  Using  a day  as  the  sample  size,  the  results  of  (hit 
study  provide  e view  of  the  spatial  coherence  of  auroral 
absorption  Author 


N72-21147/^  Alaska  Univ.  College  Geophysical  inst 

SWEEP  FREQUENCY  BACKSCATTER  RADARS  AS 
DETECTORS  OF  HIGH  LATITUDE  IONOSPHERIC 
PHENOMENA 

Howard  F Bates  In  AGARO  Radar  Propagation  m the  Arctic 
Jan  1972  9p  refs  (See  N72-21 121  12-07) 

Avail  NTIS  HC  $5  00/MF  $0  95 
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Chaf*ct«n*tic*  ol  i(regul«tili«t  cauting  high  freguancy  tcallar 
and  prapagauon  problama  era  axaminad.  along  with  aurorat 
producing  thaaa  larga  and  email  tcale  irragulantiae  Auroral  and 
nonauroral  achoaa  wara  idantihad  through  high  laiituda.  high 
haquancy  backacanar  Nonauroial  achoee  coneist  o(  F layar 
gttii.ixd  acattar.  nonauroral  eporadK  E including  E grouttd  acatlar. 
maloor  achoai.  and  obliqua  spraad  F achoaa  Auroral  achoaa 
ufora  louttd  to  ba  ctuaad  by  backacanar  from  both  tha  E and  F 
layare.  JAM 


N72-2114«#  Technical  Univ  ol  Denmark.  Lyngby 

OM  THE  POLAR  SLANT  E CONDITION.  ITS  IDENTIFICA- 
TION. MORPHOLOOV  AND  RELATIONSHIP  TO  OTHER 
■LtCTROJET  PHENOMENA 

Jana  K Olaaan  In  AGARO  Radar  Propagation  in  the  Arctic 
Jan  1972  19  p rale  (Sae  N72-21 121  12  071 

AvaM  NTIS  HC  $6  00/MF  $0  95 

lonogrania  and  morphological  etatiatict  ol  polar  alant  E 
condition  ara  diecuaaad,  amphaaiiing  two  atraam  or  plaema  lOn 
wave  inatabiliiy.  Obaarvation  eitae  and  data  penoda  lor  lonoaorida 
and  fixad  fraquancy  acanar  maaauiamanta  are  alto  liatad 

JAM. 


N72-21149||(  Paria  Univ  {Francel- 

HIOH  FREQUENCY  BACK8CAT1ER  OBSERVATIONS  AT 
MEDIUM  LATITUDES  OF  HIGH  LATITUDE  FIELD  ALIGNED 
IRREGULARITIES 

M Crochet.  D Barreau.  and  J C deMaiatra  In  AGARO  Radar 
Propagation  in  tha  Arctic  Jan  1972  9 p rela  tn  FRENCH; 

ENGLISH  aummary  (Sea  N72-21121  12-07) 

Avail  NTIS  HCS6  00/MF  $0  96 

Abnormal  echoed  aaciibabla  to  the  pretence  ol  field  aligned 
high  latitude  irregulaiitiee  .n  the  F layer  were  liequently  obee.-ved 
from  the  Valanaole  atetion  (44  deg  N.  6 dog  £!,  by  meana  ol 
dacamatnc  wave  backacanar  radar  A compariaon  of  characlarisik 
racotdinga  with  data  collected  timultaneously  at  tha  Undau 
nation  (61  dag  N.  10  deg  El  where  such  echoat  are  regularly 
obtained  ravaale  the  influence  of  the  station  latitude  on  the 
obeervaiion  ol  auch  phenomena  Author 


N72-21160#  Air  Force  Cambridge  Research  Labe..  L G 
Haneon  Field.  Maas. 

HF  AURORAL  BACKSCATTER  AND  THE  SCINTILLATION 
BOUNDARY 

Jules  Aarona  In  AGARO  Radar  Propagation  m the  Arctic  Jan 
1972  lip  rale  (Sea  N72  21  121  12-07) 

Avai)  NTIS  HC  $6.00/ MF  $0  96 

A 19  MHi  beckacatier  unii  was  operated,  and  e aei«a  ol 
maaturamanta  ol  radio  star  sciniillstione  (30  to  226  MHz)  and 
aatellita  beacon  recordings  (20  to  i36  MHz)  were  made  A 50 
MHz  radar  was  added  to  tha  observing  program  In  a recant 
analyaia  ol  tlia  dual  fraguerscy  field  aligned  backacanar.  a 
■aparation  into  £ and  F-layer  returns  was  made  It  woa  foursd 
that  VHF  auroral  returns  (from  E-layar  heights)  wara  accompanied 
49%  ol  tha  time  by  HF  returns  Tha  two  faclora  auggaalad  to  ba 
raaponaibla  lor  tha  sbaanca  ol  a 1 1 correlation  wara  probably 
absorption  ar  HF  and  varistiona  in  antenna  launch  angle  lor  tha 
two  ayatsms  Too  HF  auroral  backacanar  (E  arid  F-layar  haightt) 
was  accompanied  only  11%  ol  the  lime  by  VHF  backacanar 
Durirtg  the  1 7 months  ol  obeervaiion  at  lew  solar  activity,  the 
parcantaga  ol  occurrence  of  19  MHz  field  aligned  acanar  was 
2%.  of  60  MHz  auroral  acinar  0 5%  Author 


N72-211B1||(  Avco  Cor^..  ■.•ningtun.  Maas. 

FM/eVV  HF  BACkSCATTFn  OBSERVATIONS  OF  RACiO 

AURORA 

A H Kati  In  AGARD  Radar  Propagation  m the  Arctic  Jan 
19/2  Bp  refs  (Sea  N72-21 121  12-07) 

(ConliBCt  F30602-70-C-0086) 

Avail  NTIS  HC$eOO/MF$0  96 


Obaarvstions  ol  HF  backacanar  from  radio  aurora  using  tn 
FM/CW  radar  located  at  field  siiae  near  Rome.  N Y (43  2 dag 
N.  75  5 dag  W)  are  diacutaad  Both  wideband  (at  6 6-30  MHz.  3 
kW  avaraga  power)  and  narrowband  (fixed  iregusney  soundings 
at  20  kW  average  power)  backacanar  meaauremenit  wara  made 
The  wideband  soundings  determine  the  modes  of  propagation. 
Iraguancy  aitanis.  and  lime  delays  of  the  backscanarad  anaigy 
The  high  resolution  narrowband  soundings  indicate  the  movamantt 
that  occur  in  the  radio  auroral  regions.  Examptns  of  r(-.«as 
motions  are  presanied.  showing  events  that  lest  l<  r 5 minutes, 
exhibiting  range  changes  which  imply  apparent  valucitiat  near  or 
above  the  speed  ol  sound  at  F region  heights  Tha  wideband 
backacanar  mastuiemants  ware  processed  in  a foi.ii  which 
allows  the  sbaotute  signal  level  of  tha  backscatteied  anaigy  to 
ba  datarminad.  Author 

N72-211B2||l  General  Electnc  Co  . Syracuse.  NY 

IONOSPHERIC  REFRACTION  EFFECT  ('n  THE  GEOMETRY 
OF  FIELD  ALIGNED  ONIZATION 

George  H Millmso  In  AGARO  Rada-  Pr'/pagstion  in  tha  Arctic 
Jan  1972  16  p rats  (See  N72  21 1 ' 1 12-07) 

Avail  NTIS  HCSCOO/MF  $096 

A method  is  presentad  which  utilizes  the  co  apt  of  the 
lonospharK  refract. on  phenomenon  in  the  calculation  of  tha 
magnetic  fintd-propagslion  aspect  an(,  e The  ellect  of  ionospheric 
refraction  z:  'sguencies  m the  hF  LiHF  band  is  eveluaied  loi 
one  location  m the  Northern  Hemisphere  Author 


N72  2T163I  Institute  for  Telecommunication  Sciences.  Bouldei. 
Colo 

A MODEL  FOR  THE  STUDY  AND  PREDICTION  OF 
AURORAL  EFFECTS  ON  HF  RADAR 

Vaughn  Agy  In  AGARO  Rsdai  Propagation  m the  Arctic  Jan 
1977  top  lets  ISaa  N72  21  121  12  07) 

Avail  NTIS  HCS6  00/MF  $C  95 

A dasciiption  IS  given  of  an  lonospheiic  propagetion  model 
and  Its  epplicat'on  to  high  latitude  HF  radar  propagation 
Computer  timulstion  ol  the  model  makes  possible  the  lepid 
determination  ol  the  area  of  II  hop)  coveiage.  and  computation 
ol  auroral  absorption  and  geomeiricBl  features  ol  auroral  clutter 
Tha  resuha  aie  piesamed  m a map  on  which  are  shown 
appiopnate  paismeler  contours  Operating  frequency  station 
location,  time,  month  sunspot  number,  and  clutter  height  are  all 
artktiary  The  explicit  approximations  specifying  the  model  can 
ba  changed  within  the  basic  fiamewoik  of  the  computer  program 
to  bung  about  benei  agreement  wuh  observations  Author 


N72-2219B#  Advisory  Group  lor  Aaroapaca  Raaaarch  and 
Davalapmam.  Parle  (Franca) 

TECHNICAL  EVALUATION  REPORT  ON  AOARO  BPtCIAL- 
IBTB  MEETING  ON  RADAR 

J Frihagan  (Norwegian  Dafanaa  Rea.  Eatab.  K|Sllaf)  Jan.  1972 
21  p rafa  Coni  hatd  at  Lindsu/Han.  Watt  Germany. 
13-17  Sap  1971 
(AOARD-AR-33)  Avail  NTIS 

A conlaranca  on  radar  propagation  in  tha  Arctic  la  pratantad. 
inciuding  laaaiont  on  polai  morphology.  VHF-UHF  propagation 
backacanar.  polar  cmtiltation.  VHF  propagation  tranamation.  and 
HF  propagation  backacanar  Summanec.  recommandationa.  and 
future  ttudiat  are  considartd  lor  radio  aurora,  radar  aurora. 
VHF  UHF  uscoharant  leaner,  icmlillstion.  and  aatallita  beacon 
sludiea.  Stckscattar  observations  and  HF  acatlar  and 
communicationa  ara  alto  leviawad  JA  M. 


N73-10T87|ii  Advisory  Group  lor  Aerospace  Reteaicn  and 

Oavalopmanl.  Psna  IFrancal 

AEROSPACE  telecommunications  SYSTEMS 

Aug  1972  366  p rets  Partly  m ENGLISH  and  partly  in 

FRENCH  Proc  of  the  23d  Tech  Meeting  of  the  Avionics  Penal 
Of  AGARD.  London.  15  18  May  1972 
(AGAROCP  103)  Avail  NTIS  HCS19  75 

Expanded  telecommunication  system  legunemantt  can  ba 
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mat  by  data  compraaaion  maihodt  and  digital  imaging  achamaa. 
ainciaflt  bandvndth  uliliiation  and  adaptation  tachmquaa.  tactical 
envinmmant  ground  terminal  maaauramanta  tor  aatallita  com- 
municatana.  and  digital/ analog  commumcaliont  tor  automatic 
maaaaga  aytttmt  and  iniarfaranca  tupprauion  For  individual 
litlat.  taa  N73-10I88  through  N73-10213 

N73'10m  Royal  Aircraft  Ettabliahment.  Farnborough  (Englartdl 
Radio  Qapt 

TCCHNiCAl  EVALUATION  REPORT  ON  230  AVION  ICC 
PANEL  TECHNICAL  MEETING  ON  AEROSPACE  TEUCOM- 
MUNICATION8  SYSTEMS,  IS  IS  MAY  1972 
P.  G Atoichar  /n  AGARO  Aaroapaca  Talacommun  Syaiama 
Aug  1972  9 p (For  availability  taa  N73-10187  01-07) 

Activitiat  in  talecommunicttiont  rataarch  and  davalopmant. 
and  <n  natworV  planning  monitoring,  and  utilization  ara  raportad 
An  unportynt  conclution  loimad  ttatat  that  digital  tachmquaa 
otiar  rtzl  protpaett  of  tupplanimg  traditional  analog  matftoda  in 
a wida  ranga  of  future  applicationt  in  aaiotpaca  lyttamt.  Empftatia 
•V  placed  on  growing  problamt  of  electromagnetic  compatibility 
intvrferenca.  and  jamming  and  the  difficulties  of  accomodatirtg 
multiple  tatallite  systems  in  synchronous  orbit  G G 

N73'101d9  caboratoira  Cantral  da  Recharches  Thomton-CSF. 
Ortay  (Franca)  Oiv  Mclarials  Avioniquas  at  Spatiaus 
REDUCTION  OF  APPUEO  REOUNOANCY  IN  THE  TRANS 
MISSION  OF  IMAGES  (REDUCTION  OE  LA  REOONOANCE 
APPUQUEE  A LA  TRANSMISSION  OES  IMAGES] 

T A Hawkaa  and  P A Smonpieri  In  AGAP.O  Aaroapaca 
Talacommun  Systems  Aug  1972  1A  ^ refs  In  FRENCH 
(For  availability  taa  N73  I0187  01  07) 

A procedure  relevant  to  the  simple  reduclion  of  applied 
redundancy  in  image  transmission  is  presented  The  algorithm 
treatment  and  known  recaption  parmiu  the  reconstruction  of 
signals  without  transmitting  the  information  over  the  length  of 
the  pattern  interval  After  an  avsluttion  o!  all  possibla  procedures, 
the  effect  of  first  simulation  elements  on  the  ordinates  of  the 
proposed  algorithm  with  image  restoration  imprints  is  aiaminad 
Essential  parameters,  functiont  of  the  system,  and  the  rasulu 
obtained  are  given  TransI  by  E H W 

M73-10190  Pertur.-Elmer  Corp  . Norwalk.  Conn 
DIFFERENTIAL  PUL8E  CODE  MODULATION  TRANSMI9- 
IION  OF  SAMPLED  AERIAL  IMAGERY 
R.  J Arguallo.  H R Salirtar  artd  J A Stullar  In  AGARO 
Aerospace  Telecommun  Systems  Aug  1972  20  p refs 

(For  svsilsbility  sse  N73-10187  01  07) 

An  analyss.  simulation  and  discuuion  of  the  affects  of 
quantizer  noise  znd  communication  errors  on  difterant'Sl  pulsa 
coda  modulation  lOPCM)  transmission  of  sampled  aerial  imagary 
are  reported  Simuletions  are  presented  that  dascriLe  II) 
OPCM  iianamisaion  of  photogrepfiic  acenae  which  have  been 
scanned  and  sampled  at  ina  Nyquist  rats,  and  12)  the  effects  of 
inserting  periodic  PCM  updates  in  order  to  correct  OPCM 
communication  errors  Two.  three  and  four  b ' OPCM  transmiseion 
eysiems  are  docussad  Author 

N73-10191  Air  Force  Cambridge  Research  Labs  L G Hsnacom 
Field.  Mass 

COMPUTER  AIDED  EVALUATION  OF  RECONNAISSANCE 
IMAGE  COMPRESSION  SCHEMES  USING  AN  ON  UNE 
INTERACTIVE  FACILITY 

J C Mott-Smith.  F H Cook,  and  J M Knight  (Mitra  Corp . 
Bedford.  Mass.)  In  AGARO  Aerospace  Talacommun  Syetems 
Aug  1972  20  p refs  (For  availability  sea  N73-10187  01  07) 

(Conirect  F19820  71  C 00021 

A maihod  le  proposed  of  evaluating  compression  algorithms 
applied  to  pictures  end  applied  to  several  well-known  techniques, 
moat  of  which  already  have  one  or  more  hardware  implementa- 
tiont  Cansral  conclusions  are  that  della  modulation  and 
diffsrential  pulse  code  •'radulsnon  which  use  three  or  fewer  bits 
per  picture  element  ere  detrimental,  and  that  the  zero-  and 
first -order  predictors  msy  give  some  compression  but  certainly 
leae  than  t factor  of  iwo  on  the  average  The  defecls  in  the 
etgotrthme  which  hmit  their  usefulness  on  pictonil  data  is  identified 
wftft  their  poor  corralition  from  one  Ima  of  the  picture  to  (he 


naan  The  importance  of  proper  date  manegement  tor  pictoriil 
oommunesnon  ;e  illustrtied.  end  by  implication,  shown  to  ba 
much  nvjra  imp>)rtant  than  (hs  data  comprsssion  algonthms 
Ratavsnr  to  tha  data  msntgamsnt  proposefs.  soma  mathods  of 
iimp-u>,ing  tha  cosmatic  quality  of  spsissty  ssmplsd  imsgas  ars 
•npv  n Author 

N79-10192  Rtnsselaar  Potytschmc  Inst  Troy.  N Y Systsms 
F.ngi  nMhn^  Oiv 

A TUTORIAL  OM  DIGITAL  TECHMOLOQV  WITH  CMPHAStS 
ON  DIGITAL  COMMUNICATIONS  AND  FILTERING 
IdMUr  A Gtrtitrdt  In  AGARD  A«rosptc«  T«lecoir>mun  Syturr.t 
Aug  1972  7 p r«N  (For  availability  MO  N73-1Q187  0*  07) 

IConuacta  AF  49(63B)-1627  DAAB07-69  C 03e5} 

Tha  iTiaior  *<jvar>iaoaa  of  a digital  approach  to  comn>unicatior\ii 
ara  cor>aida'ad  and  digital  tachnology  and  ilt  affact  on  ccrumumca- 
t*oo«  ara  outhr\ad  Undar  tha  umbraMa  of  a ganaraluad  modal 
of  a digital  communications  syatam.  tha  status  of  tha  (haory  is 
raviawad  and  practical  impiamamanoni  ara  givan  Tha  lalstiorwhip 
batwaan  thaory  arnj  practica  i$  amphasitad  using  digital  filtarmg 
as  typical  of  tha  achiavamanta  in  this  area  Author 

N73-10193  Poliiacnico  di  Torino  (Italy)  Is.  di  Elattronica  a 
Talacomunicaiioni 

ON  THE  EFFICIENT  BANDWIDTH  UTILIZATION  IN  DIGITAL 

TRANBMISSION 

S Banadano.  V Caiteiiani  C Cianci  (Centro  Studi  e Laboraton 
Tatacomun.cazioni),  arvd  U M'jzzai  (Studi  a Laboratori  Talacomun- 
icaiiooi)  tn  AGARD  Aerospace  Talacommun  Systamt  Aug 
1972  13  p raft  (For  availability  sea  N73- 10187  01  07) 

The  pfoblam  of  tha  afficiant  bandwidth  utilization  of  a dgiiai 
transmission  chaortai  is  invaatigatad  by  working  out  a complete 
axampla  with  a rather  realistic  channel  modal  Tha  bandwidth 
efficiency  m digital  transmission  is  contrasted  tzy  tha  channel 
diatoaFon  impairmaoia  A osaful  shaping  of  the  signal  spacirwm 
and  the  use  of  a transversal  agualizar  are  analyzed  MuHiiavat 
SSB  ampfnuda  modulated  signals  are  astumad  S>Ttam  patlorm- 
ancaa  are  diacuiaad  and  avaiuatad  uimg  two  different  criteria 
the  peak  distortion  of  the  received  vignal  and  tha  avaraga  error 
probability  of  the  received  sequence  A general  description  of 
the  different  ''arts  of  the  system  is  first  given  and  a detailed 
dMcuaaion  or  the  evaluation  procedures  is  prasantad  Raauitt 
are  gnran  for  PAM  and  partial  raiponsa  coded  (PRC)  signalling 
achamas  System  evaluation  is  finally  diacussed  in  terms  of 
bartdwidth  efficiency  Author 

N73  10194  S arvica  Technique  das  Telacommumcationi  da  I'Air. 
Par.a  (Franca) 

utilization  and  SUPPLENESS  OF  HIGH  NUMERICAL 
DISCHARGE  SUPPORT  IN  TELECOMMUNICATIONS 
(utilisation  ET  SOUPLE88E  O UN  SUPPORT  NUMERI 
out  A DESIT  ELEVE  DANS  UN  8Y8TEME  DE  TELECOM 
MUNICATIONS] 

G Bomont  (Service  Tech  de  la  Navigation  Aenanne)  P ® •'t. 

and  G David  /n  AGARO  Aaroapaca  Talacommun  S>  na 
Aug  1972  12  p refs  In  FRENCH  (For  availability  sea  N73-1Q187 
01-07) 

Tha  use  of  numaricst  control  to  compress  syllabic  delta 
rr>odulattd  voice  Signalt  in  air  navigation  telecommunication 
ayaiama  m diKuaaad  The  principles  of  the  multiplexing  numerical 
ayaiam  and  tha  trsnsmuaion  methods  utilized  are  given  An 
organizational  air  navigation  control  ayatan>  is  illustrated 

TransI  by  E H W 

N73-10196  Texas  Inatrumanu.  Inc  . Dallas 

SYNTHCBI8  AND  EVALUATION  OF  AN  OPTIMUM  SAM 

PUD  DATA  FM  DEMODULATOR 

Alan  I McBride  fn  AGARO  Aerospace  Telecommun  Systems 
Aug  1972  lip  raft  (For  availability  see  N73  10107  01  07} 
(Comraci  F30602-70-C-01801 

A dtgiiaiizetJ  ui  suinpled-deie  FM  (Jeimxluialui  reuufsiva 
algorithm  is  synthesized  ar>d  rts  signal  to  noise  ratio  performance 
evaluated  A recursive  estimator  is  derived  that  opnrnaily  estimait'S 
ihe  meaaaga  of  a rwisy  sampled  FM  process  The  nxomin^] 
analog  rx>iay  FM  piocasv  la  m-phase  and  quadrature  sampled  to 
reduce  tha  bandpust  RF  waveform  to  a sampled  baaabar>d  proca»a 
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1>M  modul«tir>9  proc«M  •»  ••  • ditcrvu  hr>«ar  Mt«r  by 

•tatt  varitbla  tachniqiMi  Th#  maitmurr)  ■ poatartcn  (MAP) 
crtiarioo  ft  iit#d  to  dovolop  • rocurtive  cot*  fooc^  cn  Mv'imuftiort 
tOchntquM  utod  <n  optimal  control  thoory  «.r«  omp(oy%d  to  d»fty« 
tho  two^point  boundarY'valut  (TP6V)  proWtm  from  thit  cott* 
function  Oitcroto  invariant  imboddino  it  then  usod  to  aofvt  (ha 
TP6V  problem  and  obtain  the  recurtive  solution  algorithm  A 
tingie*pole  message  filter  example  it  reviowed  Oiscueaed  m thrs 
example  are  performance  curvet  obtained  by  timula*ion  of  the 
inverse  output  rr>eansquare  error  versus  input  Ch>n%r  to  notm 
ratio.  The  demodulator  is  shown  to  exhibd  FM  thretholQ  extene*on 
capabilrty  Author 

N73-101M  Pfiilco-Ford  Corp . Pak)  Afto.  Calrf 
DIGITAL  EQUIVALCMT  PtK  RCCCIVER  TCCHNIOUE* 
fiaricis  D Natali  In  AGARO  Aeroapace  Talecommun  Systams 
Aug  1972  Up  rsfs  (For  availabilrtY  aee  n;3-10187  0107) 
(Contract  FC0602-69  C 00991 

All-digital  techniques  for  receiving  end  coherently  detecting 
moderate  data  rata  (lets  then  1 Mbps)  PSK  tigneit  m reel  time 
ere  discussed  A receiver  employing  synchronous  bendpatt 
sampling  and  A/D  conversion  of  the  IF  signal  It  described  Ser  pier 
tynchronuation,  bit  synchronitation.  and  data  detection  are 
performed  by  a tpeciai-purpose  digital  processor  Analytical 
mathoda  are  developed  for  predicting  receiver  performance,  ark) 
expanrnental  data  it  presented  to  ir>dicate  the  degree  of  agreement 
that  or>e  might  expect  Author 

N73-10197  Forschungsinstitut  fuer  funk  und  Mathemetik. 
\^erthc*ven  (West  Germany) 

ADAPTIVE  PRE-WHITENING  FILTER 

R Klemm  In  AGARO  Aerospace  Telecommun  Systems  Auy 
1972  7 p refs  (For  availability  tee  N73-10187  01  07) 

Some  methods  are  shown  for  calculating  the  optimal  linear 
pre-whitaning  filter  furvciion  from  real  time  computed  correlation 
fufKtKKta  The  problem  i$  due  to  thv  optimal  detection  of  target 
signals  m correlated  noise  in  radar  techmqua  In  pnrKipla  the 
recerved  data  ere  multiplied  with  the  inverse  of  the  correlation 
matrix  of  the  noise,  based  on  the  Wiener  theory,  however,  a 
linear  function,  that  it.  the  first  column  of  the  inverse  of  the 
correlation  matrix  can  also  be  given  Three  methods  ere  shown 
end  discussed,  by  means  of  which  it  is  poss.ble  to  calcuisia  the 
first  column  m reel  time  without  mvertir>g  the  whole  matnx 

Author 

N73-101M  Mitre  Corp  . Bedford.  Mass 

A FLEXIBLE  HARDWIRED  FAST  FOURIER  TRANSFORM 
OlOITAL  PROCESSOR 

6 A.  Peto  and  G C O Uary  In  AGARO  Aerospace  Telecommun 
Systems  Aug  1972  16  p refs  (For  aveilebihry  see  N73-101S7 

01-07) 

(Contract  F19628-71-C-0002) 

A hardwired  digital  frotetsor  based  on  the  Cooiev-Tukey 
algorithm  is  presented  A laboratory  prototype  has  been  built 
with  two  modes  of  operation  As  a cascade  faat  Fourier 
transformer,  it  can  aimultaneousiy  calculate  transforms  of  two 
ir«deper>der>t.  continuous  data  streams  at  word  rates  m excess 
of  3 MMi  As  a nonrecursrve  digital  filter,  it  can  product  Filter 
impulse  reeponsee  of  op  to  32  points  The  digital  filter  eleo 
operetee  from  data  eources  wrth  word  rates  exceeding  3 MHt 
The  processor  hss  been  integrated  into  e system  wrth  ether 
Signal  processing  components  including  a smill  general  purpuee 
computer  Laboratory  demonslrairon  of  tne  processing  system 
as  a spectrum  analyzer  and  ss  an  adap'iva  filtar  for  distortion 
correction  is  discussed  Author 

N73-101B9  Siemens  AG.  Munich  (West  Germany) 

THE  ADAPTIFf  EQUAUZATION  OF  TfiANBMIBSION 

SrBTEMB 

K H Moehrmann  In  AGARD  Aarospaca  Telecommun  Systems 
Aug  1 972  1 6 p refs  (For  avoilabiliiy  see  N/3-10107  01-07) 

.Aher  3 gcnc.'3l  introduct>ori  ul  (l>e  pr  ncipli-"<  of  adaptive 

optimisation  are  explained  using  as  example  the  automatic 
identification  of  the  transfer  function  of  a linear  system  under 
operating  cood-tions  Then  several  techniques  for  (he  automatic 
minimiistion  of  (ha  linear  distortions  m communication  channels 


are  discussed  with  amphasis  on  telephone  channels  for  fast 
trarismission  of  digital  data  Some  Mter  structures  suited  lor 
this  purpose  are  described  together  with  several  possibfa  strategies 
to  impiameni  the  settings  of  the  variable  filter  elements 
automatically  dunng  a training  period  before  informatron 
transmission  or  in  an  adaptive  manner  during  transmitaon  Finally, 
after  discussing  the  partial  response  technique  and  the  aquakza- 
tion  of  digital  data  signals  transmitted  at  high  bit  rates  over 
long  haul  coaxial  earner  systems,  some  relat^  applications  of 
adaptive  techniquas  are  described  concerning  th#  equalization 
of  long  cable  systems  used  for  analog  transmission  of  talavition 
Signals  the  equalization  of  FM/FOM  radio  relay  syrtams  dua  lo 
alimmation  of  mterrnodulation  distortion  and  the  adaptive 
carKSilation  of  echoes  m long  distance  telephone  circuits 

Author 

N73-10200  Rensselaer  Polytechnic  Inst.  Troy.  NY  Systems 
Er>gineering  Div 

ADAPTIVE  EQUALIZATION  WITHOUT  TPST  TRANSMI8 
SlONS 

Chia-Chi  Chen  and  Lestar  A Gerf.**-  M AGARD  Aerospace 
Tatecommur^  Systems  Aug  1972  14  p refs  (For  a/iilability 

see  N73  10187  01-07) 

(Contracts  0AAB07-69  C 0365.  AF  49(639)- 1 62  7) 

An  extended  gradient  method  for  iteratively  solving  aets  of 
iir>ear  equatioris  he:»  been  developed  and  used  here  as  tha 
algorithm  to  perform  adaptive  equalization  Although  sttes«  has 
been  placed  on  using  this  algorithm  without  test  transmissions, 
for  transversal  equalizers,  the  algorithm  may  also  be  used  with 
test  transmissions  as  well  as  for  recursive  equalizers  Initially, 
stationary  binary,  bipolar  channels  are  equalized  without  test 
signals  For  mghly  dispersive  Channels,  the  algorithm  uses  a 
variable  history  ol  past  sequences  to  provide  more  affective 
equalization  Tha  algorithm,  if  used  when  test  signals  are  available, 
permits  channels  to  be  equalized  with  multilevel  signals  transmit- 
ted instead  of  confining  trensmtss.on  to  the  bmar/.  bipolar  case 
The  algorithm  has  also  been  proven  useful  lor  adapting  as  aquaiizar 
m conjunction  with  a time  varying  channel  because  it  can 
accomodate  to  rapidly  varying  characteristics  Author 

N73-1020*  North  Atlantic  Treaty  Organization.  Bruxel'as 
(Belgiurr.) 

PROPAGATION  CRITERIA  WITH  TACTICAL  SATELLITE 
COMMUNICATIONS 

H J Albrecht  M Eggestad  and  L A Maynard  tn  AGARO 
Aerospace  Telecommun  Systems  Aug  1972  13  p refs 

(For  availability  seir  N73  10187  01  0?) 

Tactical  satellite  communications  may  use  a variety  of 
frequency  bands  depending  upon  the  app>rcation  Considering 
mobility  and  simplicity  of  equipment  some  of  ihe  more  irrportant 
aspects  the  UMF  range  was  four»d  to  be  particularly  suitable  In 
other  words  Operating  frequencies  are  within  the  200  to  400 
MH/  ponion  of  me  spectrum  Propagation  criteria  considered 
are  (1)  scintillation  effects  due  to  ionospheric  irregularities  (2) 
ray  deviation  caused  by  atmospheric  layers.  (3)  multipath 
effects  and  (4)  transparency  of  surrounding  materials  Scintilla- 
tions ere  analyzed  on  the  basis  of  experimental  and  theoretical 
results  obtained  The  subject  of  ray  deviation  is  closely  related 
to  abnormal  tropospheric  conditions  With  regard  to  multipath 
effects,  the  general  aspects  of  ground  reflections  are  analyzed 
for  the  purpose  qI  evaluating  their  irr^ortance  with  mob»  •:  surface 
terminals  The  problem  of  penetrating  surrounding  materials  may 
be  essential  whenever  a porous  obstacle  srch  as  vegetation,  is 
prese.nt  m (he  path  between  surface  terminal  a id  satefirte 

Author 

N73-10202  Nonh  Atlantic  Treaty  Organization  Bruxelles 

(BeJaium) 

SYSTEM  CO  N SID  t RATIONS  IN  TACTICAL  SATELLITE 
COMMUNICATIONS 

H J Albrechi.  R MakBtuschka.  aid  R Menael  In  AGARD 
Aaiospavu  7«lev.oriimuri  Systems  Aug  1972  15  p refs 

(For  availability  see  N73  1^187  01  07) 

The  use  of  wide  band  satellites  with  IrequerKiy  conversion 
and  hard  limiting  displays  cenam  disadvantages  and  limitations, 
particularly  if  the  bandwidth  is  restricted  to.  eg.  600  kHz  >n 
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th«  *JHf-  rtn^e  Thi«  c«uMt  lh«  numbcf  of  links  to  be  limited  if 
ftimuhantovt  0»>«r«tion  \%  «nvis«g*d  Anoth«r  pouible  sytttm 
uMt  ^*69  b«nd  MttflilM  with  sdiutlftblo  ch«ract«ritt»cs.  such 
n hrwsr  quMi-lin««r.  or  h«rj  hmittr  operation  Considaring  wida 
bandwidlhs  of  the  order  of  10  MHz  m th^  UHF  range,  eome 
uNantegas  may  be  gamed  by  such  adiustable  chiractenttics 
urtder  lemmng  condrtiona  The  vulnerebility  of  the  ontira  syitem 
cen  be  reduced  by  single  channel  operation,  employing  saiellitea 
wfth  separata  channels  covering  the  entire  bandwidth  of  10  MHz 
with  multiple  bate  band  operation  Among  the  feasible  combined 
systems  are  those  using  UHF  and  SHF  Fo'  tactical  satellite 
systems,  a posaible  configuration  compreet  a quar.tity  Of  smaller 
terminals  operating  on  UHF  with  a satelirta  rac<*iving  or  UHF 
and  retransmitting  on  SHF  to  a powerful  matter  surface  ter'-^inal. 
actirig  at  r>et  control  and  relaying  the  retransmitted  signet  on 
SHF  to  the  satellite,  whr  h again  establishes  a UHF  link  to  the 
desir'J  smaller  terminal  Author 

Sli'^pe  Air  Defense  'technical  Center.  The  Hague 

(Hst1>erlands) 

uf^OUNO  TERMINAL  MEASUREMENT  REOUIR  E M E :•  r$ 
WITH  RESPECT  TO  SATELLITE  COMMUNICATIONS  UNK 
AVAILABILITY 

A N IrKie  arwl  A WellraL>e  In  AGARO  Aerospace  Telecorri.r.v*'' 
Systems  Aug  1972  12  p refs  (For  availatiiiry  see  N73-10167 

0VO71 

Communications  satellite  systems  are  considered  with  multiple 
groiirid  iermir\jls  carrying  many  voice  channels  linked  to  each 
Other  via  a geostationary  satellite  To  obtain  the  required  !mk 
capacities  with  specif.ed  performance  it  «s  necessary  to  set  the 
levels  of  the  assessing  earners  very  carefully  to  achieve  the 
■pproprtete  sherir>g  of  the  satellite  output  power  The  satellite 
systerr.  control  center  measures  link  parameters  and  instructs 
the  ground  terminals  to  ed|ust  trensmifte'  powers  *n  order  to 
coijntereni  the  performance  degradation  due  to  eiternal  factors 
The  accuracy  with  wh^ch  the  system  parameters  can  bo 
measured  determines  how  well  the  carrier  levels  may  be  controlled 
and  consequently  the  availability  n*  the  communication  links 
Measurement  methods  for  some  of  :h.*  most  important  guentities 
eru  given  and  thn  accuracy  achieved  w.th  an  eipenmental  satellite 
terminal  rs  discussed  Author 

N73' 10204  Admiralty  $urf*.rce  Weapons  Establishment.  Port- 
smouth (England) 

SCOT  SATELLITE  COMMUNICATION  TERMINAL 
P R Lees  M AGARO  Aero>pace  Telec^immun  Systems  Aug 
1972  4 p (For  ava'Iability  see  N73  10187  01  07) 

SCOT  IS  the  satellite  communication  terminal  m production 
for  the  Royai  Navy  for  installation  m (rrgates  and  certain  other 
classes  of  ships  It  prr>vides  broadcast  and  ship-shore  facilities 
wrthin  the  SKYNET  system  A brief  description  of  the  terminal 
end  some  of  the  problems  of  access  and  contiol  teialeO  to  thw 
necessity  to  fully  exploit  the  terminals  capabiiiry  are  reported 

Author 

N73- 10206*  National  Aeronautics  artd  Space  Administration 
Lewis  Research  Center.  Oevelar'd.  Ohio 

FACTORS  AFFECTING  FREQUENCY  AND  ORBIT  UTILIZA 
TION  BY  HIGH  POWER  TRANSMISSION  SATELLITE 
SYSTEMS 

Perry  W Kuhns.  Edward  Miller.  er>d  Thomas  >>  Mallay  in  AGARO 
Aerospace  Telecommun  Systems  Ai<g  197<  16  p refs 

(For  availability  see  N73  1O107  ji  07) 

The  factors  affecting  the  fearing  of  the  '_^~:ffc.-Onary  Orb*i 
by  high  power  (pnmar  y television)  satellite  systems  having  the 
seme  or  adjacent  cc/erege  areas  and  Ly  satellites  occupying 
the  seme  orbit  wegment  are  examined  and  exempt  using  the 
results  o*  computer  compu'ations  are  grven  The  factors 
considered  include  required  proiection  ratio,  receiver  antenna 
patterns,  rtijrive  transmitter  (ower.  transmitter  antenna  patterns. 
salelMs  grouping,  ar.i  coverage  pattern  overisp  The  re«ii»ts 
presented  indicate  the  limits  c*  system  cha'dcterisiics  and  orbd 
deployment  which  can  resuil  from  'Tiv'^iog  systems  Author 

N73  10206  Royal  Air  Force.  Ma  fow  England) 

AUTOMATIC  MESSAGE  SWITCHING  ANU  uATA  TRAFFIC 


HANDLING  IN  A MIL  ARY  COMMUNICATIONS  NETWORK 

C H Blanchard  in  AGARO  AerosPitce  Telecommun  Systeme 
Aug  1972  12  p refs  (For  eveiUbihiy  see  N73  101$7  01-071 

Computer  based  message  sw.tching  sysienis  hilMi  e necetearv 
furKtion  within  a military  system,  and  ft  is  expected  that  the 
s«ze  end  compiexitv  of  these  highly  sophisticated  systems  will 
increase  Some  of  the  problems  associated  with  the  design, 
procurement  and  mainienarKe  of  such  systems  are  Basic  fact 
finding  exercises,  operational  requirement,  drafting  of  a procure- 
ment specification  and  project  definition  and  tenrler  evaluation 

Author 

N‘^3  13207  Honeywell  Information  Systems.  Inc  Tampa.  Ffa 
THE  AUTOMATED  TECHNICAL  CONTROL  (ATEC)  SYSTEM 
Louis  Calden  and  Anthony  S Szaikowski  IRADC  N Y ) //»  AGARO 
Aerospace  Teiecornmun  Systems  Aug  19  72  I8  p refs 
(Fo:  evailebilii'-  see  N73- 10187  01  07) 

Tiie  ATEC  system  assigns  fur.clions  to  men  ar>d  machines 
so  that  each  does  most  that  which  they  do  best  In  general, 
this  means  machine  tasks  include  the  collection,  processing, 
sotting  and  letrreviog  of  data  under  the  direction  of  the  man 
whose  function  includes  reasoning  deciding,  interpreting, 
controlling  arid  directing  The  overall  ATEC  design  philosophy 
provides  bidirection^  modularity  lor  customization  to  the 
communication  station  and  graceful  degradation  m case  of  failure 
Therefore,  the  total  system  capability  is  never  lost  by  failures  of 
even  considerable  portions  of  the  ATEC  Tne  concept,  structure 
and  application  of  the  ATEC  system  and  its  subelernents  are 
described  Author 

N73- 10208  A»f  ‘o'crr  Communications  Service.  Richards  Gebaur 
AF.B  Mo 

THE  TRANSMISSION  PERFORMANCE  OF  THE  DEFENSE 
COMMUNICATIONS  SYSTEM 

Yuen  sin  Fu  and  Robert  L Ffik  In  AGARO  Aerospace 
Telecommun  Systems  Aug  1972  9 p r^r;  (Fo.  avaiiab''-ty 

see  N73  10187  01  07' 

A fystem  wide  measurement  program  on  the  defense 
commufMcaiions  syttem  was  initiated  m 1967  The  sample  plan 
and  measurement  procedures  are  discussed  briefly  A summary 
of  the  analysis  results  is  piesenieo  it  contains  estimates  of 
population  means  for  frequency  response  delay  distortion  impulse 
noise  idle  channel  noice  ano  harmonic  distortion  for  the  voice 
channels  withm  the  defense  communications  system  Finally,  the 
90  percent  confidence  interval  as  well  as  estirriates  of  standard 
deviation  a'e  computed  Author 

N73-10209  E eclfonic  Systems  Oiv  L G Hansconi  Field.  Mess 
DIGITAL  VER';US  ANALOG  COMMUNICATIONS  SYSTEMS 
TECHNICAL  AND  ECONOMIC  CONSIDERATIONS 
Carl  A J^gerstrom  In  AGARO  Aerospace  Te'ecommun  Systems 
Aug  1372  1C  p ;Ec:  3v3::ab;!:!y  cee  N?3  iQiS?  O’  0?) 

The  hmitotions  of  the  currerii  world  wide  analog  transmission 
plan!  IS  viewed  in  terms  of  its  data  and  voice  handi-iiy  capability 
in  addit  on  improved  data  LansmiSSion  is  highligh*ed  usmg 
m-crowa.e  cable  or  Iropo  when  using  digital  rather  than  analog 
techniques  m optimiymg  :riformation  flow  Some  of  the  •ystem 
improvements  expected  m using  digital  .witching  techniques 
and  lh*»  increased  possibilities  lor  the  inclusion  of  lechnica'  control 
to  the  switch  designs  ^re  discusserl  frorn  a system  viewpoint 
Since  the  current  plant  represents  a large  investmeni  and  outright 
replacement  or  ar.  entire  network  is  impractical,  the  process  of 
hybridization  and  eventual  an  digital  ■mpl'^mentation  over  a 20  30 
year  interval  is  examined  Finally  some  of  the  possible  overall 
improved  system  characteristics  are  listed  that  cannot  now  be 
achieved  m the  present  analog  configuration  Author 

N73-10210  Lear  Siegier  inc  Grand  Rap'ds  Mich  instrument 
Oiv 

KALMAN  FILTERING  FOR  RAPID  AND  ACCURATE 
detection  of  CW  interference  on  DIGITAL  TELE 
COMMUNICATIONS 

R J Fredericks  In  AGARD  Aerospace  Telecommun  Systems 
Aijg  1972  24  p rels  (For  availability  see  N73  10187  0l  07l 

Application  of  the  quasi  linear  Kairnan  filtering  algorithm  to 
the  problem  of  estimating  the  frequency  amplitude  and.  if  desired 
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of  o*>o  or  mc<«  intor1onf>g  CW  tignalt  it  dttcnbod 
Tbooo  unwanttd  tmutotdt  •>'«  attumod  piatarit  in  • backgrouryj 
of  r^o4a  trwl  iha  utaful  tigr^l  6ar>dw»dth  it  tttunritd  to  bo  20-26 
kH2  wrtb  tha  itmnwr(t)  loctttd  tnywhara  io  thtt  tpactral 
loiarvti  Chtnr^ai  ctnttr  frac^vianciaa  tocttod  throughout  tht  rtoQt 
100  kHi  to  1000  GH<  art  ^nvMtigottd  without  roqu;nr>g  any 
chan9at  ir.  tha  batic  fihar  ttrurtura  vVhila  tha  itatt  dynam*ct 
ara  lir>aar  tha  maaturamamt  ara  highly  xKi'linaar  furctioot  of 
tha  atata  variablat  Bacauta  of  tha  >'ion  iinaarity  «n  tha  maatura- 
rrantt  too  tha  fact  that  tha  maatuiamant  noita  rt  rionwhna 
varKKtt  tachniquat  tuch  at  tha  addition  nf  a fos*ih  v.  nabla  with 
tha  dimantiont  of  tiaru  to  tha  ttata  vactv'^r  arnl  ha  uta  of  an 
adaptive  rnaaturarnent  noita  matm  are  raquii«:*i  to  intura 
proper  fiHar  cortvargartca  Ratuht  are  given  thow.ng  fii:a  operation 
with  J/N  ratioa  from  -9db  upwardt  to  over  <-20db  Typical 
fraquarKy  attirn^tion  arror^  after  1000-2000  microMcor>o.'  with 
high  J/N  ratioa  ara  on  tha  order  of  10  Hz  Author 


N73-10211  Post  O^ica  Research  Oapt . Ipswich  (Engiandi 
THE  EFFECT  OF  INTERCHANNEL  INTERFERENCE  ON  THE 
PERFORMANCE  OF  A PHASE  MODULATED  DIGITAL 
SYSTEM 

M C Oavias  in  AGARO  Aerospace  Talacommun  Systar’.  t 
Aug  1972  17  p (For  availability  sea  N73  10187  01  07) 

Computer  programs  amploying  simulation  and  analytical 
techniques  ware  developed  for  calculatirvg  tha  error  performance 
of  2-  and  4-laval  cohsrantphasa  shift  keyed  (CP  SKI  and 
diffarantial-coharani  phasa-shif*  keyed  (0  CPSK)  systems 
containing  filters  of  spactfiad  characteristics  The  affect  of  thusa 
filters  on  the  distortion  m tha  wanted  chenr^el  and  on  the 
probabilrTy  darYsity  arxl  magnitude  of  tha  iniaderence  ware  taken 
into  account  Soma  preliminary  2-lavet  CPSK  results  from  a 
versatile  aipanmantal  test  facility  are  in  good  agreement  with 
the  corresponding  theoretical  results  Autl>or 

N73-10212  Southampton  Univ  (Englar>d)  Oept  of  Electronics 

GENERATION  OF  INTERMOOULATION  INTERFERENCE 
DUE  TO  NON  LINEAR  EFFECTS  IN  THE  NEAR  FIELO 
REGIONS  OF  MULTIPLE  TRANSMISSION  COMMUNICA 
TION  SYSTEM 

J >s  Bette  and  0 R Ebanezer  In  AGARO  Aerospace 
Talacommun  Systems  Aug  1972  12  p refs  (For  availability 

see  N73  10187  01-07) 

Tha  co-location  of  transmitters  and  receivers  for  military 
mobile  raquirernents.  particularly  when  a multiple  frequency 
transmission  capability  is  essential  produces  a serious  problem 
of  mtermoduiation  interference  The  results  o<  a laboreiory 
•nvestigetion  m which  steel  specimens  have  been  subiectad  to 
two-frequency  excitation  (mamly  m the  HF  range  at  1 2 and 
5 1 MHz)  of  known  field  strength  and  orientation  a^a  described 
Particular  ati©r.*»:or,  has  been  given  to  the  rntermod-jiat-on  lavet 
d^pandance  upon  surface  preparation,  which  includes  machined 
and  po'  jhed  serrated  electrodeposited  cadmium  and  cold  sprayed 
zinc  finishes  Results  are  also  described  for  stamle  ^ alloy  ar>d 
carbon  steels.  The  effect  of  surface  corrosion,  which  has 
hrtherro  b^ten  referred  to  as  the  rusiy-boll  problem  is  also 
described  s->d  its  effect  wiihm  an  active  transmission  system 
has  been  distinguished  from  that  on  parasitic  surfaces  Author 

N73-10213  Deutsche  Forschungs  und  Vers  jchsanstaU  fuer  Luh 
urtd  Raumfehn.  Oberplaffenhofen  (West  Germany) 
DIRECTIONAL  ANTENNAS  FOR  A NEW  INTERFEROMETER 
SYSTEM  (81DELOBE  SUPPRESSION.  PHASE  CHAR 
ACTERISTICS.  SUPPRESSION  OF  GROUP'D  REFLECTIONS) 
H Oetll  ar>d  H GoessI  M AGARO  Ae'ospace  Telecommun 
Systams  Aug  1972  8 p refs  (For  ava  ^abihty  see  N73  10187 

01  07) 

A rtew  interferometer  system  with  antennas  mounted  on 
El/Az  pedestats  is  corisidered  Each  antenna  consists  of  an  array 
of  36  crossed  <l«poles  Thefn  ««  a Ttchebyschaff  amplitude 
d«etribution  in  th#  elevation  plane  and  m the  plane  orthogonal 
to  It  S*oct  the  distance  between  the  three  interferometer 
antennas  IS  S7  lamboa.  the  suppresficri  of  reflected  e«gnais  muet 
be  better  than  40  to  50  dl?  to  keep  the  phase  error  due  to 
reflectrons  in  the  urdfi'  '10  1 deg  A further  method  of  iuppretfing 


ground  reHeciions.  le  the  use  of  co'Ycentrx  wire -mesh  fences 
around  each  antenna,  is  also  mentioned  Another  error  of  the 
antenrY#  system  i$  the  phase  pattern  discrepancies  between 

N73-14131iir  Advisory  Group  for  Aerospace  Research  and 
Development.  Pans  (France) 

EFFkCTS  OF  ATMOSPHERIC  ACOUSTIC  GRAVITY  WAVES 

ON  electromagnetic  wave  propagation 

Ocl  1972  508  p fBl«  In  ENGLISH,  petlly  in  FRENCH  Pr#»«nt«d 
•1  Spa;iali>i  Maelmg  of  the  ElaciiomagnBiic  Wava  Piopagaiion 
Panal  of  AGARD.  W-asbadan.  17-21  Apr  1972 
(AGARO  CP  l 15)  Avail  NTIS  HC  $27  50 

The  generation,  propagation,  and  effects  of  acoustic  gravity 
waves  on  airnosphenc  transmission  of  eleciromagnatic  waves 
are  discussed  The  form  ition  of  traveling  ionospheric  disturbances 
and  their  influence  on  radioelectnc  communicat  ons  are  empha- 
sized For  individual  titles,  see  N73-14132  through  N73-14170 

N73-14132  National  Oceanic  and  Atmospheric  Administration. 
Boulder  Colo  Space  Environment  Lab 

SOME  analogies  BETWEEN  THE  PROPAGATION  OF 
ONOSPHERIC  RADIO  WAVES  AND  ACOUSTIC-GRAVITY 
WAVES 

Kenneth  Davies  /..  AGARD  Effects  of  Atmospheric  Acoustic 
Gravity  Waves  on  Elect-omagnetic  Wave  Propagation  Oct  1972 
12  p fef$  (For  availability  see  N73  14131  05-07) 

The  propagahon  of  radio  waves  m the  ionosphere  is  similar 
to  that  of  acoustic  gravity  waves  m the  neutral  atmosphere 
Both  are  anisotropic  and  dispersive  Furthermore  the  temperature 
structure  in  the  aimosph^  e is  somewhat  sirmlar  to  the  electron 
density  structure  in  the  ionosphere  Kay  tracing  of  acoustic  waves 
exhibit  high  and  low  angle  rays  st'ip  zones,  etc  Author 

N73-14133  National  Oceanic  anj  Atmospheric  Administration, 
fioulder.  Colo  Wave  Propagaiir.n  i 
A 30  TRACING  FOR  ACOUSTIC  GRAVITY  WAVES 
T M Georges  In  AGARD  Effects  of  Atmospheric  Acoustic 
Gravity  Waves  on  Electromagnetic  Wave  Propagation  Oct  1972 
10  p refs  (For  availability  see  N73-14131  05  07) 

A new  general  purpose  ray  tracing  program  for  acoustic 
gravity  wave»  has  beeri  developed  It  allows  atmospheric  wind 
ar.u  ternperaiure  to  vary  m all  three  spatial  dimensions  and  with 
lime  and  accounts  for  earth  curvature  R»y  plots  show  the 
characteristic  acouftic  ray  patterns  of  a standard  atmosphere 
but  also  some  interesting  and  uneipected  ray  geometries  m cases 
of  more  complex  wind  fields  and  lor  internal  gravity  waves 

Author 

N73-14134  Nat'Or^al  Bureau  of  Standards  Washington  DC 
GENERATION  AND  PROPAGATION  OF  SOUND  WAVES 
BETWEEN  THE  IONOSPHERE  AND  THE  LOWER  AT 
M08PHERE 

Richard  K Ck>ok  In  AGARO  Effects  of  Atmospheric  Acoustic 
Gravity  Waves  on  Electromagnetic  Wave  Propagation  Od  1972 
8p  refs  (For  availability  see  N73  14131  05-071 

Various  physical  processes  generate  sound  waves  at  mfra«ronic 
frequencies  m the  lower  atmosphere  The  results  of  an  analysis 
for  the  generation  of  sound  and  propagation  downwards  due  to 
the  heating  effects  of  auroral  discharges  particularly  those 
traveling  at  supers'  uc  speeds  m directions  parallel  to  the  earth  s 
surface  are  presented  Toe  shock  waves  from  such  discharger- 
are  propagated  steeply  downward  with  very  hitle  loss  of  energy 
from  absorption  by  viscosity  and  heal  conduction,  and  ara 
frequently  observed  at  mfrasomc  stations  located  at  high 
latitudes  An  estimate  of  auroral  heating  .i  derived  from  the 
observed  strengths  of  inVasound  at  the  earth  s surface 

Author 

N73-14136  Massachusetts  Inst  of  Tech  Ci^mbridge  Oept 
of  Mfchanica'  Engineering 

A MODEL  FOR  ACOUSTIC  GRAVITY  WAVE  EXCITATION 

BY  BUOYANTLY  RISING  AND  081  .LLATINO  AIR 
MASSES 

Allan  D Pierce  In  AGARO  Effects  of  Atmospheric  Acoustic 
Gravity  Waves  on  Electromagnetic  Wave  Propagation  Oci  19  72 
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12  p ftH  {for  avtiltbtlity  *•«  N73  14131  OS  07) 

(Conu»ci  F19628-70  C 0008) 

A lom^what  9«n«r«i  mod«l  •»  d<v«lop#d  for 

ttudy  of  th#  •«cit«tion  of  •coiistic-g-avity  wavat  by  nting 
and  oaciildting  a>r  maaaai  Sourcaa  ara  tniniiiy  datcnbad  by 
d«tnbutiont  of  fluid  dynamic  quanm.aa  ovar  a moving  cloaad 
•urfacd  Analysts  than  mdicatas  that  insofar  as  wave  ganaratron 
ts  concarnad.  such  surfaca  distributions  Sia  aquivaiani  to 
concantratad  point  aourcac  at  tha  cantar  of  tha  voiuma  Tha 
raaultir^g  lirtaanxad  ir>homogarvaoua  wava  aquationa  ara  darivad 
and  aotvad  m tarms  of  Graan  a functions  Tha  casa  of  an  isMharmai 
atmoaphara  is  diacusaad  m soma  daiaii  Author 

M73-14138  Impanai  Coil  of  Sctanca  and  Tachnoiogy.  London 
lEngland) 

ACOUSTIC  GRAVITY  WAVES  ANO  OIFEUSION  EFFECTS 
AT  THE  ATMOSPHERIC  BOUNDARIC8 

F W G Warran  In  AGARO  Effactt  of  Almosphanc  Acoustic 
Gravity  Wavfs  on  Elactromagnatic  Wave  Propagation  Oci  1972 
8 p rafs  (For  availability  saa  N73  14131  06  07) 

Th»  ixtundary  conditions  in  tha  linear  theory  o>  acoustic 
gravity  waves  in  the  atmosphere  are  discuisad  it  is  shown  that 
diffusion  affacis  at  the  boundanas  may  for  tna  most  part  ba 
ignored  provided  tha  varticai  wave  number  it  riot  loo  smell  The 
raaulta  for  gravity  waves  agree  qualitatively  with  those  obtained 
ty  Yanowiich  0 967)  but  the  deieiis  diHer  An  upper  bound  for 
the  rfflaiion  coefficient  for  small  vertical  wave  numbers  If 
obtained  It  is  recallod  that  the  resuila  hold  only  if  the  mean 
free  path  at  high  altitudes  is  small  compared  with  the  hontoniai 
wevelar>gth  Author 

N73  14137  Alaeka  Univ  Collage  Geophysical  Inst 
AURORAL  INFRA80NIC  WAVE  GENERATION  MECHAN 
ISM 

Charles  R vVilsor^  m AOAnO  EHecis  o*  Aimusi^r'anc  Acoufi*': 
Gravity  Waves  on  Eleciromagnatic  Wave  ►'•nosgsi'on  Oct  1972 
20  p rf‘i  Sponsored  m part  by  ARPA  and  NOAA  (For  availability 
saa  N73-14131  06  07) 

(Gram  NSF  OA  168211 

The  morphology  of  auroral  mfrasonic  wave  (AIWi  suOslOrms 
aa  determined  from  mfrasonic  observations  aiung  a magnetic 
meridian  through  Alaska  shows  that  AlW  are  never  observed 
piopagating  m a poleward  direction  even  ihcugh  auroral  activity 
frequently  occurred  south  of  ihe  stations  AiW  have  been  shown 
to  be  ii'fracomc  bow  waves  ymerjiad  by  superso'  ic  westward 
equatorw»*rd  or  eastward  motions  of  auroral  eieciroiei  arcs  This 
aaymr.;etry  -n  the  oc<*jrrence  of  AIW  wiih  respect  lo  direction 
of  motion  ol  an  arc  is  interpreted  as  an  intrinsic  asymmetry  in 
the  generation  mechanism  within  the  auroral  arcs  and  noi  as  a 
propagation  effec  it  is  postulated  that  the  basic  acoustic  pulse 
within  the  elecirojet  area  is  caused  collisions  with  iri«  neutrei 
gat  of  pofitiva  ions  that  a>e  driven  Oy  eiecirodynamic  Orih  »n 
the  E region  of  th#  auroral  arc  if  the  supersonic  irensistion  o< 
the  primary  auroral  electron  sheet  has  a component  ol  rioiion 
perailei  to  the  electrodynamic  dr>ft  of  the  positive  ions  then  an 
auroral  mfrasonic  ihock  wave  will  be  produced  m trie  E region 
ionosphere  and  propagate  to  the  ground  as  a modified  shock  or 
bow  wive  If  on  the  oihe'  h^nd  the  au'OrsI  arc  motion  If 
aoti-paralifl  to  the  dnft  of  trie  positive  lons  then  no  AIW  wiH 
be  produced  Author 

N73-14138  Kirur^a  Geophysical  Observatory  iSwedeni 
DETECTION  OF  2 Hi  INFRASOUND  PRODUCED  BY 
MOVING  AURORAL  ELECTROJETS 

Ludwik  Us/ka  and  Hans  Wastm  fn  AGARO  Effects  of  Aimos^hori'. 
Acoustic  Gravity  Waves  pri  Llectromaynetu  Wavr?  Piopauaiio>> 
Oct  1972  12  p rels  (For  availability  see  N/3  M131  06  C7i 

Two  H/  infrasound  was  dclecled  during  a riuniLre'  of  ma|CM 
geomagnetic  storms  utmg  microphone  anays  Trie  direction  of 
arrival  arxJ  trte  horizontal  phase  velocity  ol  the  infrasourid  at  the 

imciuplrviift  •"•yk  uLrl«>>i«iJ  7)i«»c  guant>t>«» 

With  motions  of  ihe  auroral  electroiet  as  deiernnned  from 
gtomagnaiic  observations  at  fiv^  Scandinavian  sta'ions  The 
comparison  using  a ray  I'aring  lechnirjue  tias  shown  lhai  only 
a part  of  the  observed  infrasounti  may  be  (jrrHiur.nii  by  siipeifomc 
motioni  of  auiotai  eiecboiets  Auirtor 


N73- 14139  Illinois  Uoiv  Urtiana  Ionosphere  Radio  Lab 
ON  WAVES  GENERATED  8Y  STATIONARY  AND  TRAVEL 
INO  SOURCES  IN  AN  ISOTHERMAL  ATMOSPHERE  UNDER 
GRAVITY 

C H Lju  and  K C Yah  in  AGARO  T fleets  of  Atmospheric 
Acoustic  Gravity  Waves  on  Eleciromagi-eiic  Wave  Propagetion 
Oct  1972  17  p refs  (For  availability  see  N73  14131  05  07) 

iGrani  NSF  GA  13723) 

E«penmeniai  evider^ce  indicates  that  acoustic  gravity  waves 
m Ihe  neutral  atmosphere  can  be  generated  by  various  natural 
ar>d  andiCiat  sources  such  as  earthquakes  severe  weather  fronts 
nuctaar  detonations  m the  aintosphere  jet  streams  supersonic 
displacements  ol  auroral  arcs  auroral  substorrr  ».  solar  •clips#, 
let  aircrafts  rocket  laurichir.gs  etc  These  various  atcuation 
mechanisms  can  be  considered  as  ore  or  a combmalmn  of  the 
three  types  of  sources  n^ass  production  momerdum  production 
ar>d  energy  production  which  can  t»e  studied  -n  a very  general 
fashion  For  the  case  of  stationaiy  sou'ces  •»  is  shown  that  the 
trensient  respor^se  and  the  ove'tfii  wave  form  at  a g<van 
observation  poirtt  detiend  on  a nuntbe>  of  pararueters  such  is 
Ihe  height  and  the  range  of  the  ot)ve'vatiof  point  the  bme  of 
observation  tt>e  spatial  anti  l•.'mllOlal  dependence  of  Ihe  source 
the  nature  of  voufee  etc  Author 

N73  14140  Lanioni  Dohc  ly  Oeotogicai  Observaiory  Palisades 
N Y 

ACOUSTIC  GRAVITY  WAVES  IN  THE  NEUTRAL  AT 
MOSPHERE  AND  THE  IONOSPHERE 

fZarnbaih  K Baiachaiidran  in  AGARO  ffleui  of  Atmosphenc 
Acousiit.  G/^vity  Wave-,  o»>  f ir<  |fo^r^^ynelM.  Wave  Propagation 
Oti  19/.  1 1 P reli  ilu'  j.j.iat.ihty  srre  N73  14131  05  07) 

iCcntreci  UAAbO/  69  C 02lh  O'ards 
OA  AHOtO-  31  124  n G90  Nbf  GA  17464) 
iConIfib  1 799i 

at  large  divirtMct*  • hum  trie  sr)'j'ce  try  sensitive  r ncrobarogreph 
r>n  the  g'Ouru)  t»y  inyn  frerjuen/.y  Doppler  te-.tirngue  at  'Onospfiern 
levels  d*‘d  try  lony  period  Sfisr»>t^yrrtp)iS  T)ii*  div)»'‘f\iOn  ol  dCOultiC 
grevily  waves  at  if*e  ground  level  is  eiplamcJ  hy  usmg  r>ormal 
•node  app'UUvt’  lor  a Straiitied  Jimospbere  fur  acoustic  gravity 
waves  deirrcicd  at  the  grourui  level  Die  short  per-od  acoustic 
niodes  have  higher  anipliiudrv  than  Die  long  t>efiod  gravity  modes 
when  st»diosi>tie'ic  wmds  are  in  he  d.rcUiOn  of  propagation  of 
Die  waves  Dotuilersnndc  records  of  lono »)>h».*n;_  dislurt)ances  Show 

I'lor*;  ti'edorf'.r.^n',#*  of  sho'tv  irrjnurl  acousii'.  fMcxJe^  than  |he 
gravity  modes  Ai  ■ ording  to  Die  norr^ul  rno'Jr?  theory  and  Ih# 
t amti  wcvn  Dienry  Die  energy  rlenSd’/  fo'  lOhg  peiiQd  waves 
Jecroases  pEpo'-oi-tiaily  vmi»»  fieiglit  frrjm  ihe  ground  thus 
piuviding  insuHicienl  tnerg»  for  lOnovpI.cnr  disturbances 

Author 


N73  14141  Mrj«jrii  Antjum  Hif!,*?df(.h  As'.'i'  ijl**',  Inr,  Newton 
Uppo'  falls  Mass 

MODELING  OF  NUCLEAR  SOURCES  OF  ACOUSTIC 
GRAVITY  WAVES 

Brien  L Murphy  and  ShohJon  I Kahalas  In  AGARO  Effects  of 
Aimpsphe'ic  Ar;otjSliC  Gravity  Wavns  o'l  E Iftr  l'on1ayr^elrc  W^ve 
Propaguiron  Or  t 1972  1/  p refs  ifo'  avd'ielniity  see 

N73  14131  06  07i 
tConira'-.t  I 44620  7 ) C 0086. 

The  refat'unship  between  hydfoijynjmic  rnotions  caused  by 
9 low  ahrturlc  explosion  arvj  sulisciiucni  lonosi'tienc  drsiurbances 
iS  reviewer)  Both  Itm  ulfWit-'d  gumg  sbu-  k jnd  Die  nsir^g  fi'etiall 
are  fon.iOrre'l  iis  riydfodyiMiTii-.  suu''.e'.  H is  s'lown  that  different 
J»0»|ir»l‘S  rif  D»e  sfuji.k  frr,i,|  may  br.'  r l.lSSilicd  in  terms  pi  ih® 

'onospl'enr.  r)i-,i^,-i,an'.e  dip,  c'caie  Ttie  prniion  o*  D>e  Stioclr 
from  .'eller  led  ffom  Dip  Uj'j  1/0  i"ri  aMitu'fe  ir'/ei  (iro'Juces 
diSIurtiancfl  per'OflS  Ihe  yrjei  r^f  a niifiute  'or  a rneyalon 
ueionat>or«  The  jkj  tio'-  'jl  Die  %t‘o  > front  whi'.h  prop  gates 

■ IlOu  b 1 h*  1 or  I 'pO  Vr*i  .«  il»//iiiyli  j 

nonlinear  process  Dor  ds-  p/tid'*cp  pc*''f)tJs  m e«t.ess  ol  10 
minutes  H is  s)ir;wn  Dial  D • fi-etMlI  is  ruost  efficient  ui  gerieratmg 
ecousiic  paviy  .-.avrs  v.t.'-ri  ,t  'ca' he-,  -is  staiMii/ation  andude 
•r»cl  ai>i>'  ar.fies  )i,'i'o'lyn,n«-i‘  l•■Jl|llll>•l•.,■'''  /rdii  Dp  a I rtiospfiere 

Author 
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N73  14142  £coi«  Normal*  Super.cuic  P«n»  iFrinc*)  Ub  d# 
Phyftiqu* 

THE  THEORY  OF  ATMOSPHERIC  ACOUSTIC  PROPAGA- 
TION 

O 8Edh«l  «nd  Y RoCErd  In  AQARO  Cfftctt  Of  AimoopKO'tC 
Acouftic  Cr*vitY  Wov*«  On  6l*clromogn*ttc  W*v«  PrOp«9*t»on 
Oct  1972  18  p In  FRENCH.  ENGLISH  f-jmmarv  (For  Aviilftbiiitv 
•««  N73-I4131  OS-07) 

A compr«h*ntfv*  r*vi*w  of  aimotphorM;  acouttic  wr«v* 
propagatton  it  raponad  CalculatK>oa  damontiral*  tha  radiating 
pfOpariiaa  of  tha  mfraaonic  rviita  nng  craatad  by  larga  axploatont 
on  tha  grour\d  m diracttom  othar  than  thota  of  tha  raya  which 
formad  it  Introduction  of  nonlinaarity  m tha  propagation  of 
infratonic  ihon  panod  wavat  raiulta  in  tha  bandirvg  of  acouatic 
raya  bach  to  tha  ground  Author 

N73  14143  Maitachuaattt  intt  of  Tach  Cambncga 
EXPLOSIVE  EXCITATION  OF  LAMB  S ATMOSPHERIC  EDGE 
MODE 

joa  w Poaay  and  Allan  O Piarca  m agard  Effacit*  of 
Aimoapharic  Acouaiic  Gravity  Wavaa  on  Eiactromagnaiic  Wava 
Propagation  Oct  1972  12  p rafa  (For  availability  aaa 

N73  14131  05  07) 
tConiiaci  F19628  70  C 00081 

It  hat  baan  praviOutly  damonttratad  that  f«r  f»aid  ground 
lavat  praiau'e  obaarvalioni  of  aiploaival>  ganaraiad  acouatic 
gravity  wavaa  ara  nhan  dommaiad  by  tha  Lamb  atmoapharc 
adga  mod*  for  th*  firit  cycia  or  two  Particular  atianiion  it 
grvan  to  the  aicitation  of  thit  mo7a  by  t blatt  wava  from  a 
large  atmotphanc  aaplotion  It  it  found  tiiat  the  ttrangth  of  tha 
aiciiation  It  ttronyly  dapar>dani  upon  the  tut  of  the  blatt  wave 
A thaoratical  d«vaiopm«ni  thowt  thal  for  the  pure  Lamb  mod* 
a timpia  analytical  relation  antit  botwaan  tha  anargy  of  the 
tou'ca  and  tha  initial  ampiituda  and  period  of  tha  f*r  field  praetura 
waveform  Thif  raiat»on  i»  compared  with  tom*  arrtpiricai  data 
•••d  io  L/*  ag<'a*<*< larit  w>«h  ;>«ld  **!<rr<a'at  bated 

on  taitmic  obtarvaiions  Author 

N73  14144  Stanford  R*l«arch  Intt  M*nlo  Park  Calif 
JUSTIFICATION  FOR  THE  USE  OF  HINES  ASYMPTOTIC 
RELATIONC  FOR  TRAVELING  IONOSPHERIC  OlSTUR 
8ANCES 

Norman  J F Chtng  In  ^GARO  Effactt  of  Atmotphanc  Acouttic 
Gravity  Wavat  on  t>-iromagnetic  Wave  Propagation  Oct  19*^2 
10  p raft  (For  t'  Jiu’bility  tea  N73-14I3I  OC  07) 

It  It  fhown  that  'ntarnfi  gravity  wavat  propagating  at 
loniopharic  haightt  mutt  have  propagation  angiat  n«ar  the 
maximum  parmiiiad  Thut.  fu'  traveling  ionospheric  ditturOencfi 
(llOt)  the  ute  of  Hmet  atvm^totic  elations  is  |utt>fi*d  by  ray 
tracing  Verification  of  these  raiaticr>t  it  mid*  by  companton  of 
theoretical  with  eKpanmental  retuHs  *or  fifteen  TlQs  The  affect* 
cf  the  temperatwrs  profile  on  the  mesi'r-'abfc  propc'lict  of  TfOt 
(wavefront  lilts  end  penodt)  ere  ditcutted  It  ■*  tho^'O  ih*i  for 
TiOt  that  or>yineie  balow  the  mesopsute  the  oimotphere  bahavet 
Ilka  a bandpats  filter  with  r:sriler  frequency  favoring  wSvet  with 
period*  near  20  min^ts*  Author 

N73  1414S  Mai  Planck  Insiiiut  fu*r  Aeronomi*  Lmda^  Ubar 
Noftheim  (West  Germany)  Inst  fuer  lonosphaerenphyiik 
FULL  WAVE  CALCULATIONS  OF  ELECTRON  OENglYY 
PERTURBATIONS  CAUSED  BY  ATMOSPHERIC  GRAVITY 
WAVES  IN  THE  F2  LAVER 

J Klotlarmayer  In  AGARD  Effect*  of  Atmospheric  Acousiic 
Gravity  Waves  on  Electfomagnctic  Wave  Propagation  Oct  1972 
1 1 p raft  (For  availability  sea  N73  14131  05  07) 

The  coupler!  tystum  of  hydrodynamic  aquations  whicft 
detcribet  gravity  wave  perturbations  m the  neutral  end  lon  gates 
It  solved  by  a full  wave  rueii'orJ  mciud  ng  the  effects  of  height 
dependent  temperature  end  winds  Coriolit  fo'ca.  vitcotily.  lharmat 
conduction,  and  lon  drag  Calculated  retuiit  agree  wen  with 
eNperirnentei  data  dadui^ed  ffum  ve'ticai  I'lvidence  ivriugrert** 
The  numerical  calculations  are  fu'ther  combined  with  observed 
gravity  wave  pa'ameterj  to  obtam  height  profiles  of  the  amplitude 
enr!  phase  of  the  electron  density  perturbation  as  functions  of 
the  geomagnetic  iri'.lmation  and  the  anrn>jtf>  of  wave  propagt 


tion  The  calcuiatad  perturbation  depends  vary  ttrongfy  on  height 
iryclmation  and  aximuth  It*  amplitude  variat  between  0 end 
100  par  cent  of  the  undisturbed  electro.,  density  and  its  phaM 
m*y  change  rapidly  erouod  the  F layer  matimum  Author 


N^3  14146  Queensland  Univ  . Brisbane  (Australia)  Oapi  of 
^'hytict 

ATMOSPHERIC  PRESSURE  WAVES  AT  BRISBANE  AND 
THEIR  ASSOCIATION  WITH  CERTAIN  lONOSPHERlC  AND 
SOLAR  EVENTS 

G G Bowman  In  AGARD  Effect*  of  Atmospheric  Acoustic 
Gravity  Wave*  on  Efactromagnahc  Wave  Propagaiion  Oct  1972 
13  p ref*  (For  avaiiabdity  sea  N73  14131  05  07) 

Two  atpaett  of  tha  nighttime  recordings,  at  Brisbane,  of 
microbarographs  of  liigh  sensitivity  are  evemincd  when  the  records 
showed  well  defined  gravity  wave^  with  periods  around 
12  minutes  and  arnpliiudes  of  the  order  of  10  microbar 
Superposed  epoch  analyses  using  these  occuriences  Ps  control 
dales,  for  a sunspot  minimum  period  revealed  an  apparent 
association  between  the  dates  and  the  occurrence  of  tonospharic 
spread  F conditions  in  sub  auroral  region*  of  the  eauh  Also 
wh*A  sunspot  activity  eng  geomagnetic  activity  w«re  plotted 
relative  to  these  dates  there  was  evidnece  of  27  day  periodicities 
in  the  distributionf  Sume  gravity  wave  ocvunerices  sre  shown 
to  be  related  to  the  passage  of  weather  fronts  at  Brisbane 
However  It  IS  the  remaining  occurrences  which  appear  lo  be 
associated  with  the  occurrence  of  spread  F Some  evidence  for 
an  associaiiori  between  th*  occur>ence  of  atmospheric  acoustic 
waves  and  sunspot  activity  is  developed  Author 

N73  14147  National  Oceanic  and  A^rT^ospherlC  Administration 
Bouidar  Colo  Space  Environment  Lab 

FURTHER  REMARKS  ABOUT  TRAVELING  IONOSPHERIC 
OISTURSANCES  ATTRIBUTED  TO  JET  STREAM  ACTIVITY 
AT  MID  LATITUDE 

(>  8 Goe  In  AGARD  Effects  of  Airrosphexc  Acoustic  Gravity 
Waves  on  Eieciromagnenc  Wave  Propagahon  Oci  197?  13 

p ref*  (For  availability  see  N73  I4t31  Ob  07] 

Medium  scale  traveling  ionospheric  disturbances  with  periods 
of  12  lo  30  minutes  ar*  detected  during  daytime  wir>ier  at 
F region  haights  These  disturbances  are  present  when  ii  is 
meg-ielically  quiet  end  S'e  attributed  to  the  preserKe  of  active 
wind  Dalierns  associated  wit  i the  jet  sn?3''i  at  the  height  of 
the  lr  ypopause  The  active  patterns  on  the  I'opopause  wnrl 
anaiysr.  maps  are  recognized  by  horizontal  wind  stiear  as  the 
directipi'  of  flow  lies  parallel  lo  the  .>oiir)e'>  of  (.oiislard  wmd 
speed  'he  aUivity  diminishes  as  the  wind  acceieiates  or 
deceiera'es  m the  direction  of  How  The  ionospheric  activity 
resulting  from  these  active  iropopause  winds  may  be  thought  of 
as  tocati/l'd  in  ierm%  of  ylof/at  circulation  aruj  heni.e  IS  neilticr 
observed  ^of  predicted  on  a ylol»al  scale  This  >s  unfori-jriale  «s 
MF  rad'O  ;ransmi5Sion  is  effected  try  the  piesence  of  sucfi 
•onospheri:  disturbances  Author 

N73  14141  Massachusetts  Inst  of  Ter.h  CarnU'idye 
GENERA'ION  OF  ANOMALOUS  IONOSPHERIC  OSCILIA 
TION  BY  TMUNOERSTORMS 

C A Moo  and  A 0 Pierce  In  AGARD  Fffnrjs  of  Aimospf  enc 
Acoust'C.  G'avily  Waves  or.  flertromagnetic  W^ve  PropayatK.n 
Oct  1972  0 p rel«.  iFur  ava'latiility  see  N/3  l4ljl  Ob  07' 

iG^ntrac;  F 19628  70  C 0000) 

flad»-/  HF  Oopplu'  sounding  of  Dc  loniiSphere  shows 
o$i  ilta' ons  during  per  ods  of  ihundersto'rri  dLlivily  These 
oscit  ations  have  periods  m iF>e  range  of  2 miri  to  b r^-in  t'eriuenily 
for  many  hours  duralicn  Tfic  cohrrer>ce  of  if'c  oscillations  is 
i.'ii  Msteni  witti  ifie  mir  rpieiation  grrif.-.  jlly  «ji»rn  it>al  they  ,ir<' 
cau.'d  l»v  Ifio  pacsaip*  '^1  long  wavoleru.'h  ir.fia'.omi  waves 
TF»e»e  C'y.  a Jlid'ertlly  no  '•nmla'  tjistin*  t os<  'Mliun'.  vvilti  ihr  san.e 
period  «ai  le  associater)  with  an  motion  m *>e  urji.ii'.phere  iluririg 
severe  we*iher  Ftowove»  I.unvrrtive  ai  i-vuy  is  known  lo 

ytrnif'a'*?  iMj'.luo.iUnS  ^nij  iiilt'*'0‘  Wrtv*-»  wv  ■ 1 ■ I ^nu 

above  E$r  jnf  Vaisa'.'’  periurjs  A ifieu'v  lu*  ihc'  yorir^fanon  oi  these 
• oriosphf.-e  2 H>  b "»■.-*  potiO'l  waves  hasr-'j  on  ■ om  epis  stnula* 
lo  Ihos  - us«*'1  t'r  li(|ti|i.  ii  in  Uh-  Diemy  of  »n.i.  sOun:1 

•S  (»ru(  Jsed  Author 
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N7314149  Mil  Planck  Instilul  fuer  Aeronomie  Lindiu  Ub«r 
Northfim  (Witt  Gtrrninv) 

A phenomenological  investigation  of  ampli 

TUDEt  AND  SPECTRA  OF  GRAVITY  WAVES 
J P Scho*d«l  In  AGAHD  Effects  of  Aimosphwfw:  Acoustic 
Grciviiv  Wives  on  Electromioneiic  Wive  Propagation  Oct  19  72 
13  p refs  (For  ava>iabiiitv  see  N73  I4i3t  05  07) 

Obeerviitoos  of  the  lotx^spheric  electron  content  by  tneens 
geosiitionsrY  beacon  satellites  very  often  e«hibn  oeciiletrone 
of  srnueotdal  form  Faraday  rotation  records  represent  a good 
monitoring  system  for  these  oscillel'ons  For  the  investigation  of 
the  oscillations  the  records  of  the  electron  content  were  filtered 
numericillv  The  amplitudes  of  effects  caused  by  gravity  waves 
can  easr'v  be  demonstrated  after  the  filtering  The  filtered  pen 
of  the  data  representing  the  wave  irtduced  fluctuations  - can 
be  used  for  the  computihon  pf  power  spectra  The  foilowirtg 
feels  are  four^d  (1)  The  wave  amplitude  decreases  rapidly  with 
decreasing  penoJ  langih  <2;  all  periods  can  be  observed,  end 
t3l  harmonic  frequencies  ^t'e  usually  not  observed  Author 

N73-141S0  Stanford  Research  Inst  Menlo  Perk.  Calif  Radio 
Physics  I ib 

COMPARISON  OF  COMPUTED  AND  OBSERVED  SHOCK 
BEHAVIOR  FROM  M U LTI  K I LOTO  N . NEAR  SURFACE 
NUCLEAR  EXPLOSIONS 

Demeiri  P KaneHakos  and  Raymond  A Nelson  in  AGARO 
Effects  of  Atmospheric  Acoustic  Gravity  Waves  on  Eleciromegnetic 
Wave  Propagation  Oct  1972  1 6 ,o  reis  (For  availability  see 

N73  14131  06  07( 

(Contracts  '33657  68  C 1 147  F33657  70  C 0090) 

Comparisons  are  made  between  numerical  hydrodynamic 
calculations  of  the  p'ooaQaiion  through  (hr*  ionosphere  of  shock 
fronts  arising  from  near  surface  nuclea'  esptor.ions  and  asperimen- 
tai  observations  of  (he  ionospheric  disturbat'ces  associated  with 
these  shock  fronts  The  purpose  of  these  comparisons  is  to  provide 
0 les'  O'  r^e  vji'd'ty  pf  ca!c'j)a!:cnt  at 

ipriospheric  lieigfits  EKpenrneoiai  values  obtained  from  lonograms 
fakori  for  some  nuclear  test  senes  dearly  show  an  acceleration 
of  l••o  shock  front  ai  altitudes  ^bove  100  km  There  is  agreement 
between  eipenme^.iai  and  calculated  values  to  wiihm  a few  km 
for  |he  primary  shock  front  »n  spite  of  a lack  of  knowledge  of 
the  eiact  airnosphenc  parameters  at  the  times  of  the  tests 

Author 

N73  14161  National  Oceanic  and  Atmospheric  Administration. 
Boulder  Colo  Wave  Propagation  Lab 

FM  CW  RAOAR  STUDIES  OF  PRODUCTION  Of  TUfl 
BULENT  instability  WITHIN  THERMALLY  STABLE 
LAYERS  BY  INTERNAL  WAVES 

Earl  E Gossard  and  J H Richter  (Naval  Electron  Lab  Cerier) 
In  AGARO  Effects  o'  Atmospheric  Acoustic  Gravity  Waves  on 
£ leciromayneiir  Wav«»  Propayai'or  Oct  1972  16  p refs 

iFor  availability  see  N'3  14  131  05  07> 

A lecent  ftpveiopmem  in  radar  soun'lmy  has  rnade  the  detailed 
strijcture  of  I'  e tfupesphere  visible  to  a degree  previously  not 
approachable  Ttie  rjdar  suundei  is  an  FM  CW  system  The  most 
oulsiandmy  fraiu»cs  evident  m the  records  are  miefnal  yravily 
waves  features  resemblmy  Keivm  HelmboM^  msobilny  structures 
multiple  lavenr'y  often  displaying  Inmma  only  a few  meters  thick 
and  convecticn  ceils  wiihin  the  manne  layer  A variety  of 
atmospheric  siriK‘urai  paiiems  arc  showri  and  compared  with 
several  hypothetical  rtiorleis  of  inir*rnal  wave  siruclures  to  obtain 
more  insight  into  the  atmosplienc  pror.csses  at  work  Special 
diien:iof*  i5  given  to  the  tlisfribuiion  of  Richardson  s number  m 
I'appeo  and  untrappetl  gravity  waves  li  is  concluded  ihai  the 
multiple  layers  result  from  unirapperj  internal  rjravity  waves  whose 
propagrit'On  vector  is  lirecter)  nearl,-  verlirallt  witnin  very  Stable 
height  rec  ons  Author 


N73  14162  Ap.piic'd  *'hySics  Lab  Johns  Hppkins  Univ  bilver 
Spring  Md 

THE  DETECTION  AND  STUDY  OF  GRAVITY  WAVES  WITH 

microwave  radar 

Isidore  Kal/  In  AGARD  tffrjr  ts  nf  AtiiuiSptiCnc  AcouSl'C  Gravity 


Wives  on  Electromagnetic  Wave  Propagation  Oct  1972 
11  p refs  S[  dnsored  in  pari  by  AFCRL  (For  availability  see 
N73  14131  05  07) 

The  use  of  ultra  sensitive  radars  has  resulted  m a new  ebdity 
lo  see  structure  aryJ  motion  of  the  atmosphere  not  pottibl# 
before  Among  other  things  these  radars  detected  grevity  waves 
at  the  iropopause  Experimental  proof  has  been  obtemed  wh'ch 
shows  irKontioveriible  evidence  that  Bragg  scattering  it  the  prime 
cause  of  the  electromagnetic  scdtienog  pher^omonon  The  signal 
strength  of  the  'add'  echoes  was  found  to  be  a linear  function 
of  the  spectral  der^siiy  of  refractive  index  fluctuations  m tne 
etmotphare  A review  of  26  gravity  wave  cases  permits  a tentative 
cherecieritaiior^  of  these  waves  m terms  of  siaes.  shepes. 
persistence  end  conditions  under  which  they  occur  Author 

M73-14163  Politecnico  d>  Torino  (Italy)  1st  di  Eletironica  e 

Telecomunicaiioni 

OBSERVATIONS  OF  GRAVITY  WAVFS  IN  THE  HEIGHT 
RANGE 

G E Perone  /n  AGARD  Effects  of  Atmospheric  Acous  tic  Gravitv 
Wives  or>  Eleciromegnetic  Wave  Propagation  1972 

10  p refs  (For  availability  see  N73  14131  05  C7) 

Acoustic  gravity  waves  can  successfu"/  be  delected  m the 
D region  of  the  ionosphere  in  spite  of  all  me  well  known  difficulties 
that  characiente  the  interpretation  of  the  data  concerning  that 
region  This  possibility  is  demonstrated  from  a theoretic  point  of 
View  end  is  successively  confirmed  by  a careful  analysis  of  VLF 
date  and  c oss  modulation  data  related  to  the  50  70  km  range 
The  limits  on  the  amplitude,  frequency  and  wavelength  of  acouslic 
gravity  waves  that  may  be  detected  at  these  levels,  are 
Outlined  Author 

N73-14164  Centre  National  d Eludes  des  Telecommunications, 
issy  les  Mouimeaui  (France) 

observations  of  gravity  WAVFS  IN  THF  HIGHER 
ATMOSPHERE  BY  MEANS  OF  MEUOR  TRAIN  OETEC 
TION 

M Giess  (Lab  de  Phys  de  lEcole  Normale  Superiaure)  A 
Spii/ichifM>.  and  I Revah  In  AGARD  Effects  of  Atmospheric 
Acoustic  Gravity  Waves  on  Electromagnetic  Wave  Propagation 
Oct  1972  16  p refs  In  FRENCH,  ENGLISH  summary  (For 

eveilability  see  N73  14131  05  07) 

Over  1000  individual  values  of  netlrel  wmd  can  be  obtained 
daily.  Within  the  75  106  altitude  range  with  a meteor  radar 
Date  processing  and  harmonic  analysis  significantly  exhibit 
progressive  waves  whose  verncal  prapegation  can  be  (racked 
owing  to  the  accurecy  m location  due  to  the  radar  The  length 
of  the  measurement  period  110  days)  makes  it  possible  to 
acquire  data  on  the  life  duration  of  ihe  gravity  waves  observed 
Returns  from  loni/ed  traces  produced  by  meteorites  penetrating 
into  ihe  higher  atmosphere  are  also  obtained  The  radar  is 
extierTiely  sertaiiive  and  therefore  con  detect  over  1000  meteor 
echoes  daily  Owing  to  a novel  device  for  measuring  the  distance 
between  the  radar  and  the  meteor  echo,  and  to  ihe  accurate 
determination  of  the  elevation  and  azimuth  of  this  echo  (he 
altitude  can  be  determined  within  * or  - 500  meters  The  motions 
of  the  east  west  component  of  the  neutral  wirdwiihm  the  76105 
eliiti'de  rer>ge  can  be  deduced  from  the  Doppler  effects  on  these 
echos  V.jves  are  thus  exhibited  whose  vertical  propagation  can 
be  (racked  smea  the  altitude  is  known  Besides  tical  motions, 
with  periods  ranging  from  1 2 lo  24  hours  and  ovei  shorter 
period  oscillations  are  observed  which  can  be  compared  to  gravity 
waves  Author 


N73  14166  Alaska  Univ  . College  Geophysical  Inst 
NARROW  BEAM  HF  RADAR  I N V E S T I G A T.  ON8  OF 
MIOLATITUDE  IONOSPHERIC  STRUCTURE  AND  MOTION 
Robert  0 Hunsucker  In  AGARD  Effects  of  Atmospfieric  Acoustic 
C avity  Waves  on  Electromagnetic  Wave  Propagation  Oct  1972 
14  p rels  (Fur  availebiiily  se*f  N73  14t3«  05  07) 

Date  acquired  from  1964  1968  with  a narrow-beam  aiirriuth 

arid  elevation  scan  high  frequency  backscetter  sounder  have  been 
analyzed  m detail  This  analysis  has  revealed  that  the  irregular 
ttructu'9  of  the  midlatitude  ionosphere  is  (he  rule  rather  than 
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th#  •xctplKK)  lrf*Qul«rtue«  of  vArying  scale  sue  and  apparent 
motton  were  present  m about  90%  of  the  observations  The 
srQnatures  observed  by  this  HF  radar  system  have  been  cattQorited 
into  eipht  generic  types  which  have  been  labelled  with  names 
roughly  describing  their  appeararKe  on  the  range  aximuth  scan 
recorri  The  relative  diurnal  and  seasorwsi  occurrence  as  well  as 
the  qualitative  sunspot  cycle  and  geom«gr>eiic  correiat  on  of  thesa 
signatures  ere  presented  One  pedicular  type  of  signature  was 
arvalyzed  using  a three  dimensional  computer  ray  t acmg 
lechniqua  utilizing  expenmen.al  data  to  modify  an  atmospheric 
gravity  wave  disturbarKe  model  Thf  synthetic  becksrauer  record 
was  sufficiently  similar  to  the  experimental  HF  radar  record  lo 
lustify  this  appioach  in  tha  interpretation  cl  u^ckscatter  data 

Author 

N73-14T56  Cer>iro  Radioeletirico  Sperirrientale  G Mar>:oni. 
flome  niaiyl 

AN  IMPORTANT  CHARACTERISTIC  OF  SOMf  .RAVELING 
IONOSPHERIC  DISTURBANCES 

I Ranfi  and  P Giorgi  In  AGARO  Elfects  of  Atmospheric  Acoustic 
Gravity  Waves  on  Electromagnetic  Wave  Propagation  Oct  1972 

2 p IFor  avdilability  r.ee  N73  14131  05  07l 

T.ie  observation  o>  (he  F 2 region  wmier  TiOs  by  means  o< 
vertical  sounding  on  a I>xe0  frequency,  showed  that  the  occurrence 
lime  of  some  TiO  groups  anticipates  from  day  to  day  Author 

N73‘141S7*  Alabama  Univ  Research  Inst  Huntsville 
IONOSPHERIC  DISTURBANCES  CAUSED  BY  LONG 
PERIOD  SOUND  WAVES  GENERATED  BY  SATURN 
APOLLO  LAUNCHES 

Ganti  L Rao  In  AOARO  Effects  of  Atmospheric  Acoustic  Gravity 
Waves  on  Electromayneiic  Wave  Propagation  Oci  l972 

II  p refs  ifo'  availability  see  N73  14131  05  07) 

(Contraci  NASA  27086) 

Waveiike  disturbances  were  observed  m the  lonospho'e 
JcHovving  jcvcra!  r,u;!rar  oxp!os;ont  -n  ej''v  1960's  S'-'person-c 
shock  waves  withm  the  atmosphere  generated  oy  large  rockets 
car  cause  lonospneoc  electron  density  perturbations  A CW  phase 
path  Oopc/ier  a-'<ay  m the  New  York  area  was  operated  du'ing 
the  Saturn  Apollo  12  anc  13  launches  and  recorded  Doppler 
freq  uency  fluctuations  due  to  rocket  launcfiings  Cross  correlation 
and  power  spectral  an^tyses  ol  the  phase  path  path  Doppler 
frequency  ^ariatiuri  records  showed  (hat  (he  phase  velocities  of 
the  Signal  arrivals  were  fiom  south  of  the  array  with  700 
800  ri  sec  corresponding  to  periods  ■f'  the  range  of  2 to 
4 minutes  lonoy'ams  taken  every  60  '.econds  from  Waffops 
i‘^iand',  sfiowed  clearly  ionospheric  distortiances  due  tr>  rockets 
The  group  velocities  were  estimated  to  be  of  (he  order  o>  450 
m sec  1 obtained  fro.m  the  ftarhesi  visible  disturbances  seen  on 
CW  phase  paiii  Ooppie*  records  and  lonoyrams  together  w»ih 
the  rocket  trajectory  data  Author 

N73  14158  Cof'imunicdtions  Research  Centre  Ottawa  <Or>tariol 
Oept  of  Communications 

OBSERVATIONS  OF  TRAVELLING  IONOSPHERIC  OIS 
TURBANCES  AT  LONDON.  CANADA 

J Litva  In  AGARO  Effects  of  Atmospheric  Acoustic  Gravity 
Waves  on  Electromagnetic  Wave  Propagation  Oct  1972 
23  p teS  tfor  availability  see  N73  14131  05  07) 

Observations  of  (ravelling  ionospheric  disturbances  were 
oblamed  by  way  of  a new  technique  which  is  described  in  detail 
namely  rneasurement  of  angle  of  arrival  and  amplitude  variaiioris 
of  radio  waves  which  piopay.yted  through  the  ionosphere  from 
localized  regions  of  enhanced  emission  on  the  solar  disk  The 
observations  reported  he»e  show  good  evidence  of  TiO  wave 
trams  consisting  of  16  to  i8  wave  cycles  Tfip  angular  cfefleclions 
of  the  solar  ime  of  Sight  at  51  7 Mh/  were  measured  to  be 
between  pluj  or  nimus  6 to  plus  or  minus  20  mmutes  of  arc 
from  which  electron  number  density  perturbations  are  calr.ulaled 
10  be  of  the  order  of  i to  2 percent  The  observed  variations  ir> 
amplitude  co'responiling  to  the  larger  angle  of  arrival  scmtillaEiOns 
w*'e  flhytui  6 TlD^  wr>rp  nrima.'ily  nf  two  types  One 

with  a period  of  app'oumdteiy  6 ntinuies  the  other  with  a 
period  of  2 1 miouies  The  former  travelled  wuh  ;he  speed  of 
about  200  krn  tu  nnd  a rorresprmdmg  wave  length  of  20  km 
The  spoeiJ  of  die  lane'  was  between  800  ancj  2000  km  tir  and 


the  corresponding  wavelength  between  300  and  700  km  they 
also  fiad  a preferred  ime  of  travel  which  was  orientated 
north  south  Author 

N73  141S9  Government  Com rnumcations  Hq  Cheltenham 
•Engiand) 

THE  EFFECT  OF  IONOSPHERIC  DISTURBANCES  ON  THE 
BEARINGS  OF  INCOMING  SKY  WAVES 

A O Morgan  In  AGARO  Effects  of  Atmospheric  Acoustic 
Gravity  y\ aves  on  Eiec'romagnebc  Wave  Propagation  Oct  1972 
IS  p refs  (For  availability  see  N73  14l3l  05  07) 

A series  of  experiments  was  conducted  to  examine  the  efiects 
of  TiOs  on  bearing  measuremen  s The  receiving  aerial  used 
wav  a Cifiuldriv  disposed  wide  aretTu>e  anay  and  (he  output 
from  the  array  was  processed  by  an  automatic  beai  rig  rreasiiring 
equipment  The  results  showed  (hat  the  bearing  fluctuated  with 
periods  ol  'he  o-de*  ol  20  mmutes  On  some  days,  the  bcanog 
recoid  showed  a continuous  sequence  of  these  fluctuations 
whereas  on  other  days,  the  fluctuations  were  almost  absent 
On  the  assumption  of  a mirror  type  of  reflection,  the  obseived 
bearing  error  for  a single  hop  path  corresponded  to  ionospheric 
tilts  of  up  to  9 degrees  Further  on  this  assumption,  it  is  estimated 
that  these  tilts  can  change  at  the  rate  of  up  to  one  degree  por 
minute  The  results  also  suggest  the  p>esence  or  systematic  tilts, 
lo  the  ionosphere  which  change  with  the  diurnal  change  of  the 
solar  zenith  angle  The  irnphcaiions  of  these  results,  on  practical 
radio  commur.ication  are  briefly  discussed  Author 

N73-14160  Weapons  Research  Establishment.  Salisbury 
(Ausirahai 

IONOSPHERIC  TILT  MEASUREMcNTS  NEAR  THE  MaG 

netic  dip  equator 

R F Treharne  In  AGARO  Effects  of  Atmospheric  Acoustic 
Gravity  Waves  on  Electromagnetic  Wave  Propagation  Oct  1972 
13  D refs  (For  avaiiab.i’iv  see  N73  14131  05  07) 

Obsenvat'ons  of  ionospheric  tilt  heve  been  mar^e  near  the 
magnetic  dip  equator  During  tfie  daytime  these  observations 
were  hindered  by  tha  continuous  presence  of  the  inierise 
irregularities  m the  i region  but  the  observed  tilts  appeared  to 
be  largsr  and  to  have  a systematic  bit  not  seen  m temperate 
latitudes  the  bras  was  to  the  east  dunnp  the  daytime  and  reversed 
in  direction  at  sunset  during  the  equinoctial  months  During  (he 
evening,  if  spread  F was  absent,  the  t its  of  the  F region  could 
be  observed  more  clearly  These  evening  tilts  ware  of  rnoch 
greater  magnitude  had  o much  longer  tune  scale  than  in  temperate 
latitudes  and  had  superposed  faster  variations  of  a smaller  scale 
which  might  be  attributed  to  gravity  waves  Three  nights  of 
observations  are  available  our  m winter,  two  m Summer  lu  all 
three  cases  the  matimum  nh  t9  degrees)  occurred  neor  2100 
hours  local  lime  the  time  riormaily  associated  with  the  equatorial 
rise  m h F after  sunset  but  in  the  first  case  (winter)  ihe  direction 
was  north  Whf'eas  m (he  second  tsumm«»rt  it  was  west  arid  m 
the  third  (aiso  summer)  if  was  ea^t  Author 

N73  14161  K iruna  Geopnysical  Observatory  (Sweden) 

ON  THE  generation  AND  DETECTION  OP  ARTIFICIAL 
atmospheric  WAVES 

Ludwik  Listka  and  Sixion  Olsson  In  AGARO  Effects  of 
Atmosphe'.c  Acojslic  Gravity  Waves  on  Electromagnetic  Wave 
Propagti'On  Oct  1972  1 1 p refs  (For  availability  see 

N73  -.4131  05  07) 

Preliminary  rosuHs  cf  detection  ol  a'^osphenc  waves 
produced  by  focussing  af  shockt  generated  by  supersonic  aircraft 
ere  presented  The  flight  irejectonev  were  cfiosen  so  that  the 
acoustic  greviiy  waves  following  the  shock  front  were  focuised 
on  the  ground  after  relleciior^  from  the  stratosphere  or  m the 
E layer  Infra  acoustic  waves  were  detected  on  the  ground  usmg 
a 2 Hz  infra- scoustic  correlator  At  the  E layer  the  waves  were 
delected  using  a modified  vertical  sounding  technique  Results 
Obtained  during  1 1 test  flights  have  shown  that  the  ray  traemg 
techmqu''  may  be  successfully  used  for  predicting  tne  propagation 
of  atmospheric  waves  followi  shock  fronts  Author 

N73-14162  Northeastern  Univ  Bostor^  Mass 
AN  APPROACH  TO  THE  ANALYSIS  OF  COUPLING 
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ftCTWECN  ACOUSTIC  OHAVITY  WAVES  AND  ElECTf^O 
MAGNETIC  WAVES 

H R Rtemer  In  AGARO  of  Atmoophonc  Acouttic 

G avity  Waves  oo  El«gtrorno9n«t:c  Wsvc  PropoQAhon  Oct  1972 
12  p rafs  (For  availability  see  N73  14131  05-07) 

The  Cevelopmeni  of  thecreuc^i  models  for  plasma  media 
whose  petemeieft  ere  spaueiiy  variable,  artd  the  use  of  these 
models  to  study  wave  propagation  m such  media  wrtn  the  aid 
of  high  speed  computers  is  reported  Some  of  these  theoretical 
models  can  be  used  to  study  ihe  first-order  effects  of  a low 
frequencv  wave  disturbance  <e  g an  acoustic  gravity  wave  at  a 
fraction  of  a Heru)  on  a high  frequency  electromagnetic  wave 
fat  kilohertz  or  megahent)  propagating  in  the  ionosphere  The 
fornrulation  of  the  model  and  its  adaptation  to  the  problem  of 
mterusi  via  perturbation  theory  are  first  described,  followed  by  a 
tianeral  outline  of  the  way  in  which  this  theory  can  be  used  to 
(ekulate  th«  first  order  eff«c*s  nf  tr  ^ acoustic  gravity  wave  on 
i^e  ei*''<'C.Md9uetic  wave  Some  communication  systems 
• Tipiicetions  of  this  theory  are  briefly  discussed  at  the  erwl  of 
the  paper  Author 

N73-14163  Weapons  Research  Establishment.  Salisbury 
(Australia) 

HR  RAY  TRACING  OF  GRAVITY  WAVE  PERTURBED 
IONOSPHERIC  PROFILES 

P L George  In  AGARO  Effects  of  Atmospheric  Acoustic  Gravity 
Waves  ori  Electrcmagnelic  VVave  Propagation  Oct  1972 
17  p refs  (For  availability  see  N73  4131  05  071 

The  results  of  a convuter  simulation  of  the  direction  of 
arrival  of  short  range  lonocpheric  radio  ray  path',  m the  presence 
of  a medium  scale  travsllmg  ipr^spherK*.  disturbar^ce  (TiO)  are 
reported  The  analytical  reoresentetion  of  the  TIO  is  based  both 
on  actual  observanorts  of  such  disturbarKes  «r>d  upon  the  theory 
of  internal  atmospheric  gravity  w»  es  Computed  results  of  the 
time  dependence  of  direction  of  ar/'vat  and  Ooppi^r  shift  s'lch 
as  would  be  observed  at  a ground  based  station,  show  good 
qualitairve  egreement  with  observations  The  relationship  between 
the  computed  direction  of  arrival  variations  and  certain  charactens 
t»ca  of  the  TIO  model  that  produced  them  is  eiammvd  at  a low 
litdude  and  at  «.  high  latitude  location  The  accuracy  vf  a simple 
geomet/ical  model  that  ha^  been  proposed  for  tilt  correction  of 
apparent  direction  of  arrival  is  evaluated  It  is  shown  how  the 
urKenam  results  derived  from  use  of  this  model  may  be 
subsienueUy  improved  bv  taking  into  account  the  direction  of 
t«avcl.  velocity  and  scale  of  the  TID.  these  parameters  being 
derived  by  continuous  obser  ation  at  spaced  stations  Author 

N73-14164  Max-Planck  Instilut  furr  Aeronomie.  Lmdau  Uber 
Northeim  (West  Germany) 

SOME  EFFECTS  OF  ATMOSPHERIC  GRAVITY  WAVES 
OBSERVED  ON  A TRANSEQUATORIAl  RADIO  PATH 
J Roeitger  !r  AGARO  Effects  of  Atmospheric  Acoustic  Gravity 
Wa'*es  on  ‘'.eciromagnelic  Wa>o  Propagation  Oct  1972 
’7  p rafs  :Fof  availability  see  N/j  14131  05  07) 

The  infitence  of  c’Tiosphenc  gravity  waves  on  the  point  to 
poi.M  propariation  of  HF  radio  waves  m the  ionosphere  is 
irwes'1041*^  fwo  cases  The  grav  ty  waves  are  pr'^pagelmg 
in  duiCh'in  of  the  great  c.  cle  ^tween  two  points  and  the 
gravity  waves  are  propagat.ng  irar.sv.'^rse  to  the  great  circle 
direction  Measurements  on  a north-south  directed  transequaiorisi 
HF  radio  path  using  fixed  frequericy  CW  transmitters  show 
periodical  !isld  strength  variations  during  nighttime  hours  which 
are  attumec  to  be  caused  by  focussir>g  due  to  'lorrh  south 
propagating  evmosphenc  gravity  waves  Ray  tracing  calculations 
prove  that  ps'iodical  focussing  can  occur  when  ionospheric 
profites  perturbel  by  atmospheric  g'svity  waves  are  employed 
A power  density  « nalysis  of  the  recorded  field  strength  patterns 
•s  earned  out  m xir^der  to  obtain  indications  about  the  mam 
lading  period*  Vana‘  ons  m p.'opagotrcn  li.mc  and  azimuth  ang’e 
indicate  traveling  loncsphenc  disturbances  moving  from  west  to 
east  in  the  eg  laionai  zone  Author 

N73  T4166  National  Ocv'anic  and  Atmospheric  Administration 
Boulder.  C^o  Space  Erwiionment  Lab 

PROPAGATION  OF  8U  B I C R 0 Sfc  C O N O HF  PULBES 


THROUGH  TRAVELLING  IONOSPHERIC  DISTURBANCES 
G M Larfald.  R 8 Jurgens,  end  J A Joselyn  M AGARO 
Effects  of  Atmospheric  Acoustic  Gravity  Waves  on  Electromagnetic 
Wave  Propagation  Oct  1972  21  p refs  (For  availability  see 

N73-14131  05-07) 

(ARPA  Order  136U 

Hf  pulses  of  submicrosecond  duration,  received  at  a rar'gc 
of  1500km  after  a smgie  ionospheric  reflechoii  from  the  F region 
have  been  analyzed  to  study  the  effects  imposed  on  the  pulses 
by  the  propagation  process  The  recorded  pulses  display  a wide 
variation  m form  One  pulse  characteristic  is  the  pulse  stretching 
attributable  to  ionospheric  dispersion  Typically,  for  a 1 MHz 
receivar.  the  recorded  pulse  has  a duration  of  about  15  msec 
Frequently  the  recorded  pulses  also  display  structure  due  to 
polari.'ation  splitting  and  to  the  reception  of  tirne-shifted 
wavetrams  from  multiple  reflection  points  imuitipaih)  Some  results 
from  the  statistical  analysis  of  a Urge  number  of  pulses  include 
(1)  Occurrence  distributions  of  pulse  lengths  yield  effective 
ionospheric  dispersion  rates  (2)  time  series  plots  of  pulse  delay 
give  the  amplitude  and  period  of  changes  m group  path.  (3) 
pulse  characteristics  typically  do  not  change  much  on  a time 
scale  of  a few  seconds  but  often  change  markedly  m a few 
minutes  anj  (4)  detail»ri  analysis  of  selected  pulses  shows  that 
the  time  shifts  of  multipath  components  could  be  derived  for 
the  sir-pler  cases  Author 


N73-141S6  Uppsala  Ionospheric  Observatory  (Sweden) 
TRAVELLING  IONOSPHERIC  DISTURBANCES  INITIATED 
BY  LOW  ALTITUDE  NUCLEAR  EXPLOSIONS 
W StoHregen  in  AGARO  Ellecis  of  Atmospheric  Acoustic 
Gravity  Waves  on  Electromagnetic  Wave  Propagation  Oct  1972 
9 p refs  (For  availability  see  N73  14131  05-07) 

innosphefir  dtshnbanres  ffevelling  with  a rnaximum  velocity 
of  appioximately  630  m weie  recorded  over  the  Scandmaviar 
area  after  two  large  nuclear  explosions  The  disturbances  m the 
•orx>sphere  were  most  pronounced  m the  F region  as  is  evident 
from  the  tonograms  and  rea'  height  profiles  When  the  first  wave 
arrived  a spontaneous  increase  of  the  height  of  tl^e  F2  layer 
was  observed,  followed  by  splitting  of  the  F layer  and  a slower 
phase  of  recovery  At  the  E level  a sporadic  E layer  occurred 
with  some  ddUy  and  the  0 region  lonization  increased  during 
two  short  periods  with  ^ djlay  of  about  one  houi  with  respect 
to  the  disturbance  m the  F layer  The  lime  delay  of  the  disturbances 
at  different  levels  of  the  ionosphere  can  be  c plained  by  the 
results  of  ray  (racing  studies  of  the  propagation  of  acoustic  gravity 
waves  Author 


N73-14167  Nationa'  d Fiij<1nr  d***-  Telerommunicenons 

fssy  Us  Mou'rneaux  (France) 

IONOSPHERIC  DISTURBANCES  GENERATED  BY  ACCUS 
TIC  GRAVITY  WAVES  RESULTING  FROM  A 100  kt  ‘O 
2000  NUCLEAR  EXPLOSION  UN  THE  GROUND. 
OBSERVED  AT  POINTS  LOCATED  BETWEEN  160  AND  1000 
km  FROM  THE  FIRING  SITE 

P M Halley  In  AGARD  Effects  of  Atmospheric  Acousi'c  Gravity 
Waves  on  Electromagnetic  Wave  Propagation  Oct  1972  2 p 

(For  availability  see  N73  14131  05-07) 

During  French  nucUar  evfiOf larv. es  in  Polynesia  travailing 
•or»ospheMC  disturbances  were  observed  and  their  impact  on  high 
frequency  bar^d  propagation  was  irvestigated  Various  recordings 
of  Doppler  effect  frequency  shifts  and  of  vertical  or  oblique 
soundings  ere  interpreted  as  exhibiting  mamly  two  disturbance 
components  (1)  A rapid  cornponent  which  is  a thermospheric 
wave  whose  instantaneous  tpeed  is  approximately  720  m.  s at 
a hurijontai  distance  of  290  km  and  then  diminishes  at  the 
distance  increases  This  oscillation  wave  may  appear  at  a very 
giaal  distance,  where  its  velocity  always  exceeds  400  rn/s 
t2l  A low  component  which  could  be  a ground  wave  or  e guKied 
wave  whose  velocity  it  about  constant  and  of  the  order  of 
305  m s This  wavo  rises  -jp  to  ionospheric  altituoes  where  it 
tecomes  sur»eriiT>r>osed  on  the  thermospheric  v.ave  The  impact 
of  such  a disturbance  on  oblique  propagation  and  the  resulting 
•mpairmant  of  telecommunication  possibilities  are  discussed 

Author 
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N73-1416S  Pari&  Univ  (France)  Lab  de  Physique  d«  rEKO«ph«rtt 
MONUNEAI^  PAOPACATION  AND  IONOSPHERIC  COU 
PUNQ  OP  ATMOSPHERIC  WAVES  GENERATED  BY  A 
NUCUAR  EXPLOSION 

P BrocKc  'Cenire  Umv  de  Toulon)  in  AGARO  Effects  of 
Atmoepberi^  Acoustic  Gravity  Wa-es  on  Electromagnetic  Wave 
Propagatioi  Oct  1972  13  p refs  In  FRENCH.  ENO'.ISH 

summary  'For  avdilsbiliiy  see  N73-14131  05-07) 

The  cisturbar.ee  generated  m the  ionosphere  by  a nedaar 
exploeion  was  observed  at  several  points,  using  the  method  which 
consists  in  measuring  the  Doppler  effect  on  a HE  radio 
transmistion  Two  aspects  of  the  results  are  stressed  (i)  The 
time  del  ly  m the  occurrence  of  the  disturbance  shows  thet  its 
propagation  between  the  ground  and  the  ionosphere  is  r>onlin#ar 
and  mskes  it  possible  lo  define  a numerical  model  to  describe 
M.  end  {«)  the  time  spectrum  confirms  the  considerable  influence 
of  the  giiomegr>etic  field  on  the  coupling  betweer  the  motions 
Of  neutral  particles  and  those  of  ionised  particles  Author 

N73-14169  Stanford  Resecrch  Inst  Menlo  Park  Calif 
NUCLEAR  WEAPON  EFFECTS  ON  THE  IONOSPHERE 
(F  REGION  OISTURBANCEC' 

J B Lo^>a*  and  0 L Nielson  //?  AGARO  Effacts  of  Atmospheric 
Acoustic  Gravity  Waves  on  Electromagnetic  Wave  Propagation 
Ocl  1972  12  •!  rel  tFor  availability  see  N73  14131  05  07) 

fContrac.  OA-36  039  SC  87197) 

The  detonation  of  a nuclear  burst  at  ionospheric  heights 
^luses  a multiplicity  of  effects  m the  ionosphere  and  therefore 
on  HF  communications  Sequences  of  co.ttour  maps  of  critical 
freque  luy  are  presemc  > m a 16  mm  sound,  color  movie  showing 
the  v|:nation  of  the  F layer  matimum  electron  density  as  a 
funetKO  of  tmrve  and  space  following  high  altitude  nuclear  tests 
The  rt  apt  encompass  the  region  30  deg  north  and  south  from 
the  msgnetic  equator  and  35  deg  esst  and  west  from  Johnston 
islanii  The  p<<rM.ipai  «ffact  illustrated  is  the  propfiQStion  of 
KKKTS^henc  waves  redially  outward  from  the  point  of  detonation 
The  theory  of  hydrodynamical  waves  is  also  discussed  and 
illua' rated  m the  film,  and  the  observed  characteristics  of 
tone  spheric  waves  are  presented  Autf>oi 

N7;i-I4170  Stanford  Research  Inst.  Menlo  Park.  Calif 
TH  : EFFECTS  OF  NUCLEAR  BURST  PRODUCED  ACOUS 
TIC  GRAVITY  WAVES  ON  HF  COMMUNICATION  SYSTEMS 
D L Nieiacn  in  AGARO  Effects  of  Atmospheric  Acoustic 
Gn  vity  Wevee  on  Eioctromagnetic  Weve  Propegation  Oct  1972 
111  p reft  (For  aveilibiliiy  see  N73  14131  05-07) 

Acooshc  gravity  waves  generated  by  high  altitude  nuclear 
exjJoeiooe  can  momentarily  affect  the  performance  of  HF 
co-Timunicetionv  Two  changes  c-^n  occur  (1)  the  available 
pr.  pagation  apectrurn  may  at  some  point  decrease  auch  that 
ihi  circuit  IS  no  longer  operative  at  a given  frequency,  and  f2» 
thi  time-delay  ?*nr1  frequency  distortions  may  increase  tne 
hkslihood  of  erro  m a digital  system  All  effects  are  subtect  to 
th»  relative  orientation  of  the  path.  th»  source  and  '.ha 
geomagr>etic  field  as  wei:  as  the  stale  of  the  ionosphere  along 
the  path  Author 


N73-23108I  Advisory  Group  for  Aerospace  Research  and 
Uevelopr.ient.  Pans  (France) 

RAOOMES,  ADVANCED  DESIGN 
0 Tornani,  ed  Mar  1973  157  p r^fs 
(AGARD  AR-531  Avail  NTIS  HCSIOOO 

The  techniques  of  radome  desipn  are  summarised  and  a 
modol  for  redome  apecificationa  is  presented  The  subjecis 
diecuseed  ere  (1)  environmental  design.  (2)  electrical  design 
end  (3)  materials  for  radome  design  Graphs  are  developed  to 
show  redorme  chereciertsiica  under  various  conditions  Mithemati 
cal  nnodeit  ere  developed  lo  support  the  theoretical  considers 
tioos  Author 


N73-2Sl21/tf  Advisory  Group  foi  Aerospace  Research  and 
Development  Pans  (France) 

TELECOMMUNICATIONS  ASPECTS  ON  FREQUENCIES 
BETWEEN  10  AND  100  GHt 


Albert  W Biggs,  ed  iKansas  Umv.  Lawrence'  Apr  1973 
246  p refs  Presented  at  Electromagnetic  .Wave  Pr.>pegatioo 
Panel  Tech  Meuung.  Gausdal.  Norway.  18  2*  j 1372 
(AGARO  CP  107)  Avail  NTIS  HCS14S0 

The  general  loss  mechanisms  of  ultrahigh  frequency  telecom- 
munication systems  are  studied  Considered  are  effects  of 
atmospheric  aosorpt'')o  and  rainfall  on  radio  trar>emtssK>n  For 
individual  titles,  see  N73  26122  through  N73  26143 

N73-26122  Washington  Umv  Seattle  Dept  of  Electrical 
Er^meering 

MULTIPU  SCATTERING  EFFECTS  ON  WAVE  PROPAQA- 
TION  THROUGH  RAIN 

Akira  Ishamaru  and  James  C Un  in  AGARD  Talecommun 
Aspects  on  Freq  Between  10  and  100  GHz  Apr  1973  13  p 

refs  (For  availability  see  N73  26121  17  07) 

The  multiple  scaitenng  effects  of  a wave  propagating  through 
ram  are  studied  in  particular  the  variances  of  the  m phase  and 
quodraiure  components  of  the  wave  fluctuation  are  presented 
taking  into  account  the  beam  width  of  the  tranrmiiter  and  receiver 
aryj  the  scattering  and  absorption  chara^iterisiics  of  a single 
particle  Eapressions  for  the  temporal  f'e.^uency  spe^^ira  of  tne 
m phase  and  it  Jddraiuie  components  are  formulated  taking  into 
account  the  termu.^l  velocities  of  the  ram  drops  Author 

N73-26123  Poiitecnico  di  Miiano  (Italy)  Inst  di  Eletirotecmca 
ed  Elettronica 

DEPOLARI2ATION  OF  AN  ELECTROMAGNETIC  WAVE 
TRAVEL  '4G  THROUGH  A STRATIFIED  AEROSOL  ON 
NONSPHERICAL  SCATTERING 

C Capsoni  and  A Parabom  In  its  Teiecommun  Aspects  on 
Freq  Between  10  and  lOC  GH;  Apr  1973  16  p refs  (For 

availability  see  N73  26121  17-07) 

Propagation  through  an  aerosol  of  non  spherical  scatters 
having  transverse  stationary  statistic  disir-uuinMi  iv  studied 
making  use  of  the  equivaience  to  a stratified  homogeneouf 
medium  with  suitable  electnc  characieris'ics  Relationships 
between  the  degiee  of  depolarization  for  Imoariy  and  circularly 
polarized  waves  the  differential  propagation  and  the  physical 
parameters  of  the  medium  are  determined  Author 

N73-26124  Fenglof  (C  I Hamburg  (West  Germany) 

THE  PHASE  OF  A PLANE  ELECTROMAGNETIC  WAVE 
TRANSMITTING  WIDE  SPREAD  ATMOSPHERIC  DiSCON 
TfNUITV 

C Fengler  in  AGARO  Teiecommun  Aspects  on  Freq  Between 
10  and  100  GHz  Apr  1973  6 p refs  (For  availability  s«e 

N73-26121  17  07) 

For  the  estimation  of  multipath  progation  and  pnase  delay 
effects  the  fundamenial  processes  of  refraction  and  reflection  at 
wide  spread  atmospheric  discontinuities  are  treated  with  the  aid 
of  an  asymmetrical  and  a symmetncai  Epsiem  profile  The 
reflection  against  an  asymmetrical  profile  as  well  as  the  transition 
through  a non  ionized  and  an  ionized  layer  of  symmetrical  profile 
are  considered  In  particular  the  phase  of  the  corresponding  index 
of  reflection  and  transmission  is  evaluated  m point  of  view  of 
frequencies  frorr.  10  lo  100  GHz  and  the  dimensions  of 
atmospheric  inhom)gene.ties  The  treatment  shows  that  at  the 
mentioned  propagal  on  processes  the  phase  of  the  incident  wave 
can  vary  remari^abiy  it  shows  herewith  a sensitive  dependence 
on  the  fluctuating  pa'ameters  of  the  atmospheric  structure 

Author 

N73  26125  Hamburg  Urn*  (West  Germany) 

PHASE  MEASUREMENTS  WITH  MICROWAVES  NEAR  THE 
SEA  SURFACE 

H W Fruechienicht  in  AOARD  Telocomrnun  Aspects  on  Freq 
Between  10  and  100  GHz  Ap*  1973  9 p refs  iFo> 

availability  see  N73  26'21  17  07) 

M'urowd’iu  u'0|/aga(iur'«  ower  sea  wit.iin  mo  . *'  /on  .mar' 
treated  by  ray  tracing  Th#  resultant  phase  of  the  mie' 'v. C'^re 
field,  whicii  1$  set  up  in  front  of  the  iransmiuer  depends  on  the 
'efractiviiy  N sub  1 on  a fixed  but  arbitrary  reference  level  and 
on  the  thickness  ol  (he  maritime  evaporation  duct  Between  the 
phase  ar>d  N sub  1 there  exists  a Imear  relat'onship  As  a function 
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of  d<Kt  ihiclinou.  howovar.  ih«  phtM  tavaal*  a ditconiinuity 
amounting  to  mlagar  multipiat  of  2 p<  but  at  laaai  2 p<  Tharafora. 
phata  maaauramanta  naar  Iha  taa  turlaca  may  ba  many  valuad 

Aulbo< 

N73'2613t*  InaiEiutu  fof  Talacommunicaiion  ScEancaa.  Couklai 
Goto  Offica  of  Talacommunicationt 

attcnuation  and  phau  dispersion  in  the  at 
MOSPHEKE  DUE  TO  THE  MICROWAVE  SPECTRUM  OF 
OXVOEN 

H J Ijoba  and  W M Walcb  M AGARO  Talacommun  Aapacit 
on  Frag  Baiwaan  10  and  100  GHi  Apr  1973  18  p raft 

Sponaorad  in  pan  by  NASA  and  NOAA  (For  availabilily  aaa 
NV3  28121  17  07) 

Radro  wava  ptopagaiion  m tha  40  (o  140-GHr  band  through 
tha  aanh't  atmoiphara  i*  strongly  mlluancad  by  tha  bahaviot  of 
tha  02  rnicrowava  spectrum  This  bahavior  causes  tha  trartsfar 
furiction  to  dapand  cntrcally  upon  altitude  Tha  spactroacoprc 
propartias  of  0 2 ara  discussed  and  reduced  to  anginaanng 
formulas  ssprassmg  attenuation  and  phase  dispirsion  rates  in 
terms  of  Iraquancy  and  mataorological  paramalars  The  theory 
IS  supponad  on  several  accounts  by  raliabla  spectroscopic 
maasuraments  Prassura  scanning  spectroscopy  is  used  to 
mvastigata  tha  02  microvyava  spectrum  under  simuleuu 
atmospheric  conditions  Tha  app'cation  of  spectroscopic  in'orma- 
tMMi  to  analyticsl  treatments  ol  translar  propanies  for  in- 
homogeneous  slant  paths  is  demonstrated  Attenuation  and  phase 
dispersion  banwsan  49  and  72  GH:  are  evaluated  lor  tenith 
and  tangential  paths  Author 

N73-28127  Ball  Telephone  Labs  inc  Holmdel  NJ 
DEPOLARIZATION  OF  MICROWAVES  IN  TRANSMISSIOfi 
THROUGH  RAIN 

O C Hogg  tn  ACAflO  Te^ecommun  Asp«c(s 

10  and  100  Apr  1973  S p rafs  (for  availability  »aa 

N/3-jai2l  17  071 

Aaiatron^hips  ara  grvan  for  depolaniation  of  lirraarly  and 
nircularlv  pdaruad  rmicrowavas  propagatir>g  through  ran 
Computationa  uamg  a stmpia  modal  lor  tha  ram  medium  tnow 
lhaf  dbpoianiation  it  mora  tignilicant  for  circular  than  for  iiraar 
polartxaiion  Author 


N73'2612$  Ball  Talaphona  Labs  . Inc  . Holmdal.  N J 

INTRODUCTION  TO  SESSION  2 

0 C Hogg  ‘n  AGARO  Talacomrnun  Aspacts  on  Freq  Batwaan 
10  arv]  100  GHz  Apr  i£73  2 p rafs  (For  aeailabihty  taa 

N73-2512I  17-071 

Tha  foUowng  maaiuraments  are  required  m ^ngmearmg  radio 
communication  kytiams  (11  Attenuation  at  a function  ot  patn 
fangth  and  time  precipitation  atmo«pharic  gatat  spatial  vanationt 
in  refractivrty,  environment.  121  Bandwidth  capability  delays 
Within  a band  caute  by  the  environment,  scattering  by  precipita- 
tion. apatiaf  venation  m rafracii'.  ity.  (31  Oapoian^anoo  by  the 
environment,  precipitation  ant->^nat  (41  Iniarfarence  caused  by 
refrectivity  vanationt.  scaltenog  by  precipitation  poor  antenna 
quality,  environment,  and  (S)  Phase  variations  refractivity  changet 
pracipitaiicn  Author 


N73-2S129  Foodazione  Ugo  Bordoni  Roma  (Ma'y) 

CRITERIA  AND  EXPECTED  ACCURACY  OF  THC  MEASURE 
MENTS  ENVISAGED  IN  THE  RESEARCH  PROGRAMME 
UNDER  WAY  IN  ITALY 

r Fadi  M AGARD  Talr^commun  Aspects  of  Freq  Between  10 
arxj  lOO  GHz  Apr  1973  23  p *o(s  (For  availability  taa 

N73-2S121  17-07) 

The  research  program  on  the  free  prooiqetion  of  alectromag 
netK  wavea  at  fraquancias  higher  than  10  GHz  is  outlined  The 
aima  and  criteria  governing  the  approach  to  the  program  are 
dtscuaaed  and  an  account  is  givsri  of  tha  redioeiactncai  and 
meteorological  meaauramants  to  be  made  and  the  accuracy  which 
may  be  aipecttd.  on  the  basis  of  the  foreseeable  causes  of 
error  and  th#  results  of  preliminary  tests  already  paiformtd 

Author 


N7S*26130  Louvain  Umv  (Btlgium)  Microwave  Lab 
EFFECTS  DUE  TO  PRECIPITATION  ON  HORIZONTAL  UNXS 
AT  12  AND  2S  GHZ 

A VarvdarVortt  and  E Gaudiseart  In  AGARO  Talecommuh 
Aapecta  on  Fraq  Between  10  and  100  GHz  Apr  1973  6 p 

reft  (for  availabrhty  tea  N73-20121  17-07) 

Two  horizontal  ima-of  tight  imtu  have  bean  mttallad  at  1 1 7 
and  3S  GHi  m cooparation  with  meteorological  station  A balloon 
allowt  meaturamentt  to  be  made  m the  low  etmoaphere  The 
atgnait  are  emitted  at  tha  too  of  a tower,  rafiactad  back  at  the 
'Op  of  another  buildmg.  and  racaivad  at  the  location  of  the 
ammar  To  avoid  a coupling  between  the  emitting  and  receiving 
ante 'mat.  tha  frequar>cy  of  tha  eminad  wavea  it  modulated  by 
an  emouni  equal  to  the  mtarmadiaia  frequency  at  a frequency 
determined  by  the  length  of  the  microwave  path  An  anaiog-to* 
digital  convartion  allowt  the  data  to  be  computerized  the  results 
at  12  and  36  GHz  ar#  autocoriaiated.  croat-corralatad  with  each 
other,  and  croaa  corraiatad  with  the  meteorological  parametara 
The  correlation  mairm  n used  to  compute  the  mean-aquere 
ragraaaion  of  the  propagation  n'aa«"'^MiC''tt  on  tha  meteorological 
maaai>ramentt  Author 

N73-2S131  Mitre  Corp  . Bedford.  Maaa 

PROPAGATION  OF  106  31  2 OHi  AND  46  - SO  QHt 

COHERENT  SIGNAL  PAIRS 

John  F Si'llivan  and  Harold  M Richard..on  In  AGARO 
Telacommun  At(>ectB  on  Freq  Between  10  and  100  GHz  Apr 
1973  11  p refa  iFor  availability  see  N73-26121  17  07) 

Two  pairs  of  coherent  signals  have  been  transmitted  through 
the  etmoaphere  over  a 23  1 krn  path  well  clear  of  terrain  features 
The  lower  pair  of  :>gnala  spanned  15  6 GHz  and  the  upper  pair 
spanned  45  GHz  of  the  millimeter  spectrum  There  it  no  reason. 

10  believe  that  the  entire  band  from  15  to  90  GHz  could  not 

be  spanr.ad  vOhe;er.tly  vv;!h  zpprepriate  toperatus  However  the 
entire  band  is  not  completely  useful  because  of  airong  absorption 
near  the  O'^ygen  absorption  imet  m the  region  of  60  GHz  and 
strong  temporal  and  specially  dependent  attenuation  m the 
pretence  of  precipitation  along  the  path  It  it  shown  that 
etmotphenc  structure  imposes  commonly  minor  modulation  on 
mm  wave  propagation  over  a limited  bandwidth  fiom  near  taro 
to  e few  Hz.  this  modulation  increases  with  earner  frequency- 
path  length  and  intensity  of  turbulence  which  m turn  venea 
widely  from  time  to  time  Withm  the  limits  of  the  eveiiable 
date,  it  IS  concluded  thei  the  rheory  of  wave  propagation 
perturbation  by  turbulent  media  is  valid  Author 

N73  26132  Technical  Umv  of  Denmark  Lyngby  Lab  of 
Electromagnetic  Theory 

IMPROVED  DATA  FOR  PROPAGATION  ANALYSIS 
Greger^  Mogensen  In  AGARD  Teiecommun  Aspects  on  Freq 
Between  10  and  100  GHz  Apr  1973  4 p reft  iFor 

evsilabiliiv  see  N73  26121  1 7-071 

In  the  planning  for  a new  terrestrial  pFopagaiion  eiperimenl 

11  IS  found  that  the  complei  transfer  function  vs  frequency  should 

be  measured  m a I S GHz  wide  frequency  range  This  transfer 
function  would  give  the  most  accurate  end  usable  results  since 
it  IS  not  directed  towards  any  particular  modulation  scheme 
Since  It  IS  not  possible  to  construct  a system  for  measuring  the 
transfer  function,  a differential  gam  differential  phase  measure 
meni  system  is  used  The  necessary  sel  of  formulas  to  calculate 
from  the  measurement  data  the  RF  phase  curve  deviations  from 
e atreight  ime  is  established  The  formulas  are  tested  by  numerical 
Simulations  and  it  is  frzund  possible  to  determine  the  RF  phase 
curve  With  an  accuracy  of  1%  relative  to  the  peak  peak  deviations 
of  the  phase  curve  Author 

N73-26133  Federal  German  Post  Office  Darmstadt  iWest 
Germany)  Research  Inst  of  the  Telecommunication  Engineering 
Center 

SOME  OB8ERVA1ION5  OF  SCATTERING  FROM  RAiN  ON 
A 12  GHz  TRANS  HORIZON  LINK 

N Ab#l  In  AGARD  Teiecommun  Aspects  on  Freq  Between 
10  and  100  GHz  Apr  1973  13  p refs  (For  availability  tea 

N73  26121  17  07) 

A 12  GHz  experimental  usnshorizon  link  of  210  km  length 
was  operated  with  an  elevaied  receiving  antenna  beam  which 
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int^rMCttd  th«  trintmitiiog  antanni  t>aarr  ovar  ipproximatafy 
tha  last  quartar  of  the  path  Tha  poastbla  scsttaring  anglat  rangad 
around  4 dapraaa.  tha  half  powar  baam  w dth  of  Ooih  antannaa 
waa  V8  dagraat  Ram  tcatiar  aignalt  wara  obaarvad  v«a  tha 
mam  loba  of  tha  racaivmg  antanra  without  any  iignificant  raitramt. 
wharaaa  tha  parmanant.  but  narrow  angia  turbulanca  tcattar 
aignala  wara  racawad  via  tida  (obaa  ano  tharafora.  raduoad  to 
vaiuaa  moat  baraly  abova  threshold  With  tha  aid  of  fading 
charactar  and  of  waaihar  observations,  a statistical  distribution 
of  ram  scatter  tranarmasion  lots  was  isolated  from  the  data 
During  tha  atrongast  ram  scatter  events,  tha  transmission  loss 
was  up  to  20  db  lower  than  the  average  lost  for  turbulanca 
scatter  m ^his  particular  configuration  Transmission  loss  valuai 
aatimatad  on  tha  basis  of  ram  gauge  data  saarn  to  be  connatant 
with  tha  maaturad  ones  Author 

N73*26134  Norwegian  Oafanca  Raiaarch  Eaiabiishmant. 
Kjailar 

THC  INFLUENCE  OF  PRECIPITATION  ANO  MULTIPATH 
FADING  ON  FREQUENCIES  SETWEEN  10  ANO  IS  QHi 
Odd  Guttabarg  (Norwegian  Taiacornmun  Admin  Rat  Eatab.. 
Kjallarl  and  Anton  G Kjslaas  In  AGAPO  Taiacommun  Aapacta 
on  Fraq.  Batwsjn  10  and  100  GHj  Apr  1973  7 p raft 

(For  availability  saa  N73-26121  17-07) 

Taken  the  vary  short  measuring  time  into  consideration,  tha 
maaturad  attenuation  due  to  ram  fits  vary  wall  the  values  obtained 
from  ramfall  rata  m one  pomt  anplyrng  tha  reduction  coafficiant 
given  by  Battssii  at  al  Multipath  fading  due  to  atmospheric 
stratification  (duct)  has  bean  observed  usually  dur  nq  mght  with 
rKKturnal  radiation  The  fading  deuths  observed  due  to  muUi 
path  are  about  1/3  m ob  of  those  caused  by  ram  Author 

N73'2013S  McGill  Univ.  Montreti  (Quatiec)  Oapt  of 
Mataorotogv 

RAIN  ATTBNUATION  STATISTICS  FOR  FREQUENCIES 
ABOVE  10  QHt  FROM  RAINQAUOE  RECORDS 
G Orufuci  /i  AGARO  Taiacommun  Aspects  on  Fraq  Satwaen 
10  and  100  GH]  Apr  1973  IS  p raft  (For  availability  tea 
N73  26121  17  07) 

Tipping  bucket  ramgauga  records  have  bean  used  to  ganarata 
stiliatics  of  ram  attenuation  at  1 1 2 GHx  for  a S-mifa  microwave 
link.  Tl.a  knowledge  of  storm  velocity  measured  by  weather  radar 
is  used  to  transform  records  into  profiles  of  ramfall  rate  versus 
distance  Tnasa  profiles  are  then  properly  integrated  over  a 5-mile 
length  obtaining  simulated  attenuation  values  These  are  then 
compiled  aa  probability  curves  A comparison  between  the  actual 
atatiftics  of  the  tmk  and  the  simulated  statistics  shows  good 
agraamam  Author 

N73>26136  Radio  and  Space  Research  Station  Slough 
(Englar>d) 

THE  INFLUENCE  OF  RAINFALL  ON  LINE-OF-BIQHT 
PROPAGATION  AT  11Q  GHi  IN  $E  ENGLAND 
0 T UawaHyn  Jones  and  A M Zavody  In  AGARO  Telecommun 
Aspects  on  Freq  Between  10  and  100  GHi  Apr  1973  6 p 

refs  (For  availability  see  N73-26121  1 7-07) 

In  the  Cbsa  of  millimeter  wave  propagation  through  the 
atmosphere  the  problem  exists  of  predicting  link  reliability  on 
tha  basis  of  known  ramfall  data  This  reouires  knowledge  of  tha 
relationships  between  rainfall  rata  at  one  point  and  attenuation 
observed  over  a given  path  length  Various  methods  have  been 
devised  to  provide  rnore  information  on  these  problems  at  a 
frequency  of  1 10  GHi  This  work  involves  the  use  of  rain- 
gauges  and  spatially  separated  propagation  links  Some  rasuite 
are  described  and  it  is  seen  that  Sequences  as  high  as  1 10  GHt 
have  poter.itel  practical  application^  over  line  of  Sight  paths  of 
the  order  of  3 km  length  Predic»ed  reliabilities  for  some 
applications  can  be  coiripaiabie  to  those  obtained  at  frequencies 
near  30  GH;  Author 

N73-26137  Technical  Ur.iv  of  Denmark.  Lyngby  Lab  of 
Electromagnetic  Theory 

EXTRAPOLATION  OF  PROPAGATION  DATA 
P Gudmandsen  In  AGARO  Teiecomrnon  Aspects  on  Freq 
Between  10  and  100  GH/  Apr  1973  2 p raft  (For 

svai'ability  saa  N73  26121  1 7-071 
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A short  description  is  given  of  a plan  to  use  field  strength 
recordings  on  one  path  for  prediction  of  the  performance  of 
anoth«>r  path  w^th  somewhat  different  weather  conditions  based 
on  weather  Jala  recorded  nmultaneously  The  influence  of  ram 
on  the  performance  of  communication  Imks  at  frequerscies  m 
the  range  10  -18  GHz  is  considered  Author 


N73-2613B  Centre  National  d'Etudes  aas  Telecommunications. 
Issy  las-Moulmaaux  (France) 

CXRCRIMENTAL  METHOD  OF  MEASURING  PROPAGATION 
ATTtNUATlOH  OF  RAIN  [METHODE  EXPERIMENTALE  OE 
M^BURE  OE  L AFFAIBLI88EMENT  OE  PROPAGATION  OU 
A LA  PLUIE) 

P Mieme.  L Boithias.  and  J Battesti  in  AGARO  Telecommun. 
Asoecta  on  Freq  Between  10  and  100  GHz  Apr  1973  6 p 

ref  tn  FRENCH  (For  availability  see  N73-26121  1 7 07) 

After  having  given  a theoretical  definition  cf  equivalent 
precipitation  intensity,  it  is  pointed  out  how  this  quantity  may 
be  caxulated  experimentally  with  the  help  of  propagation  results 
The  value  of  a reduction  coefficient,  function  of  the  length  of  a 
corynfction  and  percentage  of  tune  are  described  (Consequently 
With  the  help  of  experimental  resu'ts.  a method  is  developerl 
that  permits  calculation  of  absorption  as  a product  of  ram  for  a 
percentage  of  any  time  and  for  all  frequencies  less  than  frequencies 
m the  vicmity  of  30  GHz  and  distances  less  than  about  20 
kMometers  Author 

N73-26139  Communications  Research  Centre.  Onawa  (On- 
tario) 

AMPLITUDE  FADING  OF  SATELLITE  COMMUNICATIONS 
SIGNALS  AT  SHF 

K S McCormick,  fl  L Olsen  and  L A Maynard  In  >GARD 
Telecommun  Aspects  on  Freq  Between  10  and  100  GHz  Apr 
1973  8 0 refs  (For  availability  see  N73-26I21  17-07) 

For  SHF  sate'fite  cor^mun-cations  systems  des'gned  to  operate 
at  elevation  angles  lass  than  several  degrees,  allowance  rnuat 
be  made  for  fluctuations  m the  signal  lave!  caused  by  variations 
•n  the  refractive  structure  of  the  troposphere  As  pari  of  a program 
to  investigate  these  effects  the  signals  fmm  satellite  beacor>t 
et  7 3 GHz  have  been  monitored  during  se*^>ai  periods  over 
the  leat  five  years  The  results  show  that  m the  summer  months, 
the  feding  IS  greater  than  10  db  for  0 1%  of  the  time  at  elevation 
angles  below  three  degrees,  while,  for  the  winter  months,  fadea 
greater  than  6 db  occur  unds>  the  same  conditions  A hmned 
senet/  of  observations  at  resolute  (latitude  75  N)  show  that  m 
the  Arctic  the  fading  m the  summer  i$  similar  to  that  which 
occurs  m Ottawa  m the  winter  Author 

N73-26140  Radio  and  Space  Research  Station.  Slough 
(England) 

SLANT  PATH  ATTENUAilON  AT  FREQUENCIES  ABOVE 
10  OHx 

P G Davies  /n  AGARO  Telecommun  Aspects  on  Freq  Between 
i0  and  100  OH;  Apr  1973  1 1 p refs  (^or  evsilebility  see 

N73'26121  17  07) 

Results  obtained  from  solar  tracking  radiometer  measurements 
made  et  19  GHz  and  ji  37  GHz  have  been  studied  to  give 
data  on  attenuation  (primarily  caused  by  ram)  on  patha  through 
the  troposphere  Such  information  IS  required  in  the  plarmmg 
and  operation  of  microwave  links  to  and  from  sate'iites  The 
retults  are  presented  m statistical  form  as  cumulative  distributions 
of  the  percentage  of  the  observation  time  for  which  the  attenuation 
exceeds  venous  values  Analysis  of  individual  fades  exceeding  S 
ar>d  10  db  at  both  19  anJ  37  GHz  has  also  been  carried  out 
and  the  results  are  preseriied  as  histograms  showmg  the  number 
of  fades  as  a function  of  fade  duration  Author 


N73-28141  Texas  Univ  . Austin  Electrical  Engineering  Research 
Ub 

STATISTICS  ON  EARTH  SATELLITE  ATTENU'xTiON  AT 
TWO  TEXAS  LOCAiiONS 

A W Straiion  David  N Pate  and  Bob  M Fan^.m  in  AGARO 
Telecomrr^un  Aspects  on  Freq  Between  10  ar'j  100  GHz  Ar-r 
1973  9 p refs  '.'or  availability  see  N73-26171  17  07) 

Propagation  experiments  using  the  15  3 GHz  transmitter  c.n 
the  ATS-5  satellite  as  a signal  source  are  reported  Signal  strength 
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d«ia  war#  recorded  at  two  locations  at  Auttm  in  central  Taiat 
for  twantY  montha  and  at  Mount  Locka  m tar  waM  Taxaa  for 
fiva  waalU-  Tha  alavation  angle  in  each  case  waa  near  S4  dag 
It  ia  concluded  that  for  high  elevation  anglea  aevare  attenuation 
It  alrnoat  alwaya  aas/>ciatad  with  thunderstorms  Curvaa  of 
parcantaga  of  time  versus  path  attenuation  (or  an  average  year 
are  given  for  both  sues  The  height  of  the  top  of  the  thunder- 
storm cloud  was  found  to  be  a fairly  good  single  indicator  of 
the  intansity  and  duration  of  fades  Author 

**73-26142  Communications  Research  Centre.  Ottawa  (Ontario) 
Depi  of  Communications 

COM  *Ani60N  OF  DIRECT  AND  INDIRECT  MEASURE 
MEN")  *^  OF  PRECIPITATION  ATTENUATION  AT  16.3  QH« 
J I Stf  ckland  In  AGARO  Telecommun  Aspects  on  Freo 
Between  tO  and  100  GHz  Apr  1973  8 p refs  (For 

availability  see  N73-26121  17-07) 

The  sivinal  strength  received  at  15  3 CHz  from  the  ATS-5 
satellite  wat  measured  using  a 9 metre  antenna  The  receiving 
antenna  is  ilto  connected  es  a total-power  radiometer,  providing 
simultanejus  measurements  of  the  sky  noise  temperature  e( 
15  3 CHz  with  an  antenna  beamwidth  of  0 1 5 degrees  Attenua- 
tions. calculated  from  the  rneesured  sky  temperatures  show  very 
good  agreement  with  the  directly  measured  attenuations 

Author 

N73  26143  Aerospace  Corp  . El  Segundo.  Calif  EUcronics 
Research  tab 

SPACE  communications  SYSTEMS  CONSIDERATIONS 

AT  »4  OWa 

H J Wintroub  and  L A Hoffman  In  AGARO  Telecommun 
Aspocts  on  Fraq  Between  10  and  100  GHz  Apr  1973  1 7 p 

r*fs  (For  availability  see  N73-26121  17-071 

The  effects  of  atmospheric  physical  phenomena  m determining 
satSliilS'gfOund  radio  link  performance  are  considered  Eipenmen- 
tal  data  are  presented  as  a basis  for  the  determination  of  i<nk 
margins  and  tradeoffs  between  communication  capacity  and 
outage  because  of  ram  induced  attenuation  or  high  atmospheric 
turtulanca  State  of  the  art  and  predicted  performance  of  future 
millimeter  wavr  components  are  considered  m forrriuiating  the 
apacacraft  arid  ground  terminal  systems  Included  are  a beam 
$wir>ging  experiment  using  a precision  controlled  4 $7  m aritenna 
to  obtam  data  on  wavefront  tilt  fluctuations  time  histones  of 
amplitude  scintillation  for  0 15  . 0 61-.  and  4 S7-m  apertures 
and  ft^trttical  data  on  water  vapor  attenuation  Author 


N73-32063I  Advisory  Group  for  Aerospace  Research  and 
Development.  Paris  (Fiance) 

SPREAD  SPECTRUM  COMMUNICATIONS 

Jui  1973  196  p refs 

(AGARO-LS-581  Avail  NTlS  HCS12  00 

The  theory,  implementation  and  application  of  staie-of  the 
art  spread  spectrum  techniques  to  advanced  communication 
syatemt  are  discussed  Tha  fundamental  and  theoretical  aspects 
of  communication  theory,  digital  communications  theory,  and 
spread  spectrum  communications  are  reported  The  practice- 
aspects  of  Spread  spectrum  lechingues.  particularly  the  perfor 
mence  end  synchronization  considerations,  and  several  state-of- 
tha  art  applications  era  described  Predict-on$  of  future  com- 
munication Systems  with  spread  spectrum  methodology  are 
included  For  individual  titles,  sea  N73-32054  through  N73 
i 3205B 

I N73-32064  Rensselaer  Polytechnic  Inst  . Troy.  N Y Systems 

Engineering  Oiv 

J SOME  FUNDAMENTAL  NOTIONS  OF  COMMUNICATION 

I THEORY 

I Latter  A Geihardt  in  AGARC  spread  Spectrum  Commun 

, Jul  1973  24  p rets  (For  availability  see  N73-320S3  23  07) 

j The  basic  concepts  of  communications  theory  to  include 

! tha  transmission  of  continuous  signals  and  the  use  of  discrete 

time  Signals  are  presented  A numerical  analysis  of  communication 
Signals,  the  spectral  characteristics  of  the  signals  and  a 
probabilistic  description  of  the  signals  are  developed  The  basic 
types  of  modulation,  to  include  amplitude,  pulse,  and  angle 


modulation  and  related  forms  are  examined  Tha  charactanatici 
of  the  signal  receiver  with  emphasis  on  signal  daiactk>n  and 
fi(tanf%g  are  described  Tha  affect  of  tha  sampling  theorem  on 
(ha  spectral  characteristics  of  signals  is  ariilyzad  The  problamt 
of  quantization  are  outlined  for  discrete  time  and  discrete  amplitude 
signals  Author 

N73‘32*jS6  Manchester  Univ  (Englend)  Dept  of  Electrical 

Engineering  and  Electronics 

DIGITAL  COMMUNICATIONS  THEORY 

Geoffrey  F Goti  //>  AQARD  Spread  Spectrum  Commgn  Jul 

1973  16  p refs  (For  availability  see  N73  32053  23-07) 

The  characteristics  of  digital  communication  systems  and 
the  processing  of  bandpass  digital  signals  are  discussed  The 
modulation  and  detection  of  frequency  shift  keyed  and  phase 
shift  keyed  Sip*  als  are  considered  m binary  and  multilevel  form 
Emphasis  is  placed  on  radio  frequency  data  transmission  where 
spread  spectruix  v.chmques  have  application  Methods  of 
providing  protectior-  against  the  effects  of  signal  fading  due  to 
multipath  propagation  are  analyzed  Elementary  forward  error 
correcting  codes  of  the  type  used  m radio  frequency  channels 
are  examined  Author 

N73  32066  Signals  Research  and  Development  Esiablithment. 
Christchurch  (England) 

INTRODUCTION  TO  SPREAD  SPECTRUM  TECHNIQUES 
R L Hams  In  AGARD  Spread  Spectrum  Common  Jul  1973 
21  p (For  availability  see  N73  32053  23  07) 

The  basic  principles  ai^d  operation  of  a spread  spectrum 
communication  system  are  discussed  Spe:irum  spreading  by 
means  of  direct  modulation  is  considered  m detail  and  compared 
with  an  alternative  method  usmg  frequency  hopping  A key  feature 
of  any  spread  spectrum  system  is  the  pseudo  random  sequence 
and  the  basic  properties  and  generation  of  such  sequences  are 
discussed  Finally  the  performance  ol  a typical  satellite  communica- 
tion system  using  spread  spectrum  as  a multiple  access  method 
«s  cafcutatad  Author 

N73-32067  Communications  Researcti  Centre.  Ottawa  (On- 
tario) 

PERFORMANCE  AND  SYNCHRONIZATION  CONilDERA- 
TION8 

N G Davies  In  AGARD  Spread  Spectrum  Commun  Jul 
1973  24  p refs  (Fo'  availability  see  N73  32053  23  07) 

The  performance  of  spread  spectrum  systems  m the  presence 
of  various  forms  of  channel  noise  >s  analyzed  The  synchronization 
aspects  of  spread  spectrum  systems  are  examined  The  subjects 
discussed  are  ID  acquisition  tv  search  m the  time  and  frequency 
domains.  (2)  the  use  of  preambles  and  special  sequences  for 
Synchronization  and  <3)  the  establishment  of  synchronization 
detection  and  tracking  cntenz  Author 

N73-32058  Magnavox  Research  Labs  Torrance  Calif 

SPREAD  spectrum  APPLICATIONS  AND  STATE  OF  THE 
ART  EQUIPMENTS 

Ovaries  R Cahn  In  AGARD  Spread  Spectrum  Commun  Jut 
1973  111  p refs  (Foi  availability  see  N73  32053  23  07| 

The  applications  of  spread  spectrum  “ommunicanons  to 
avionics  systems  are  described  The  following  lo.jics  are  discussed 
»i)  multiple  access  capabilities  ‘2)  mterlererce  rejection.  (3) 
identification  characteristics  and  i4)  distance  measuring  and 
position  location  capabilities  The  characteristics  and  uses  of 
current  spread  spectrum  equipment  are  reported  Recent 
technology  discoveries  such  as  acoustic  surface  wave  ar^d  charge 
coupled  devices  are  explained  Author 


N74-11964^  Advisory  Group  for  Aerospace  Research  and 
Development  Pans  (France* 

DETERMINATION  AND  USE  OF  RADAR  SCATTERING 
CHARACTERISTICS 

Sep  1973  l7l  p refs  Conf  held  at  Bolkesjoe  Norway. 
11  12  Oct  1973  London  15  16  Oct  1973  The  Hague 
18  19  Oct  1973 

tAGARO-LS-59)  Avail  NTIS  HC$I0  75 
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#cho«$  and  radar  cross  sections  are  reviewed  for 
different  decses  of  targets  mam  parameters  affecimg  backscatter 
signal  are  «rMfY<«d  ^or  individual  titles  see  N74  1 19S5  tbrougfi 
N74-11967 

N74-11966  EMI  Electronics  Ltd.  Welts  (England) 

INTnOOUCTORY  LECTURE:  TARGET  SCATTERING 

CHARACTERISTICS  OF  IMPORTANCE  tq  RADARS 

L fl  Cram  :n  AGARD  Oeterminetion  and  Use  of  Radar  Scattering 
Oiaracteristics  Sep  1973  4 p (For  availability  see  N74- 11954 
03-07) 

Scattering  characteristics  of  interest  include  the  Doppler 
content,  the  range  noise  and  the  angular  glint  as  well  as  the 
radar  cross  section  (RCS).  or  radar  echoing  area  (REA)  A definition 
IS  given  of  these  parameters  (RCS  or  REA)  and  the  physic..' 
reasons  for  variations  around  a target  aie  discussed  Both 
amplitude  and  rate  of  change  significantly  if'act  radar  perfoim 
ance  Reciprocally,  the  value  of  the  rada>  echoing  area  can 
Itself  be  affected  by  the  radar  parameters  .-uch  as  modulation 
t;pe.  frequency  and  polarization  Targ'*;  gh.'t  will  affect  the 
a. curacy  of  directional  information  provided  by  the  radar  The 
rates  of  change  and  frequencies  of  change  of  gimt  are  also 
impoda  u Radar  parameters  and  the  giiat  data  interact  with 
each  other  m that  polarization  characiensiics  of  the  radar  affeit 
the  glint  and  its  frequencies  while  the  signifirance  of  glint 
frequencies  depends  on  radar  servo  rales,  etc  Targets  which 
are  of  interest  include  land  sea  and  airborne  vehicles  Sea  and 
lano  reflections  represent  either  duller  or  targets  m their  own 
right  Birds  represent  hazards  to  aircraft  so  their  radar  scattering 
IS  also  of  interest  Author 

Ohio  State  Univ  Columbus  ElectroScience  LaO 

COMPUTATIONAL  AND  ANALYTICAL  DETERMINATION  OF 
RCS 

Edward  M Kennaugh  In  AGARO  Determination  and  Use  of 
Rada'  Scattering  Characteristics  Sep  19/3  9 p refs  iFor 

availability  see  N74- 11964  03  07) 

Improvements  in  computational  iechmques  for  calculadon 
of  RCS  now  permit  wider  ranges  of  obfccts  to  be  analyzed  The 
lecture  reviews  the  state  of  the  ah  at  present  with  a description 
of  two  basic  approaches  The  pomt  matching  or  w.-e  grid  model 
utilizes  a matrix  description  of  a three  dime-nsional  shape  and 
proceeds  to  calculate  RCS  through  solution  of  a targe  order 
system  of  linear  equations  The  asymptotic  or  quasi  optical  solution 
identifies  key  contributions  to  RCS  which  may  be  given  simple 
mathematical  description  and  summed  aut(  matically  with  proper 
account  of  phasing  as  a function  of  attitude  The  limitations 
and  vihues  of  each  method  are  described,  and  the  possibititv  of 
combtnmg  both  computational  methods  •$  explored  illustrative 
examples  are  presented,  eno  the  impohence  of  this  tool  as  an 
adjunct  to  experimental  RCS  studies  is  discussed  Author 

N74-1 19S7  Test  Group  (6586th).  Holloman  AF8.  N Max  Radar 
Target  Scaner  Facility 

STATIC  PULL  SCALE  MEASUREMENTS  OF  RCS 

Carroll  R Griflm.  Jr  In  AGARD  Oetermir./tion  and  Use  of 
Radar  Scattering  Characteristics  Sep  1973  1 1 p '.Fir  availability 
see  N74  11964  03-07) 

A number  of  techmquos  for  the  meosurerr.ent  of  radar  crow 
section  are  discussed  and  compared  A description  of  the  theory 
of  operations  of  a ground  plane  range  is  provided  Some 
considerations  for  use  and  some  of  the  advantages  of  the  ground 
pi  ne  method  result  from  the  ihrory  A description  of  the 
equipment  and  meUiods  for  obtaining  RCS  data  is  followed  by 
a description  of  special  measurement  systems  available  Finally, 
a brief  description  of  the  functional  organization  required  m the 
operation  of  an  RCS  measurement  site  is  provided  Author 

N74-11968  Air  Force  Avionics  Lab.  Wnght  Patterson  AFB. 
Ohio  Observables  Group 

DYNAMIC  FULL  SCALE  MEASUREMENT  OF  RCS 

William  F Bahret  In  AGARD  Determination  and  Use  of  Radar 
Scattering  Characteristics  Sep  1973  16  p refs  (For  availability 
sea  N74  11954  03-07) 

Trade  jffs  and  technical  considerations  m dynamic  measure- 
ments of  radar  cross  section  are  discussed  to  establish  require 


ments  for  instrumentation  and  techniques  used  for  such 
measurements  Primary  emphas  « is  given  to  aircraft  targets 
although  most  of  the  discussion  applies  to  sea  or  land  based 
targets  as  wall  Block  diagrams  of  practical  systems  for  measuring 
amplitude  and  angular  scintillation  are  presented  and  discussed 
Typical  output  data  ar^  related  to  the  primary  user  require- 
ments Author 

N74- 11969  EMI  Electronics  Ltd.  Wells  (England) 

MODELLING  METHODS  OF  DETERMINING  RADAR  ECHO 
CHARACTERISTICS 

*.  A Cram  /n  AGARD  Detarminahor.  and  Use  of  Radar  Scattermg 
Characteristics  Sep  1973  7 p (For  availability  see  N74-11964 
03  07) 

Optical  modelling  is  now  raraly  used  but  ultrasonic  modelling 
IS  far  more  effective  A well  instrumented  facility  for  ultrasonic 
modelling  described  which  operates  m water  with  wavelength 
scaling  from  1/10  to  i,  40  Speedy  operation  and  good  range 
discrimination  are  particularly  advantageous  Radio  scale  r^nJellmg 
nas  additional  advantages  and  a radio  scale  modelling  facility 
incorporating  five  different  measuring  equipments  is  described 
Mutual  interference  is  avoided  by  range  gating  the  radars  Scaling 
IS  f.om  1/1  to  I'lOO  and  many  different  radars  operate  from 
1 GHz  to  100  GHz  Targets  of  metal  coated  wood  are  suspended 
by  nylon  strings  Two  genera)  purpose  equipments  permit 
flexible  choice  of  radar  system  aerial  type  wavelength  and 
polarization  Other  systems  are  specialized  for  investigating  the 
end  course  of  a missile  radar  the  reflections  from  sea  waves 
and  the  effects  of  target  glint  on  radar  aiming  errors  A radar 
system  assessment  team  with  computers  completes  the  radio 
modelling  facility  Author 

N74-11960  EMI  Electron.es  LtJ  Wells  (England) 

TARGET  characteristics 

S C Woolcock  In  AGARD  Determination  and  Use  of  Radar 
Scatleri.ig  Chaiacienstii.s  Sep  1973  .8  p lefs  (Foi  dvaiiebil.t> 
see  N74  11954  03-07) 

A kr>owiedge  of  the  lodar  scatteimg  properties  of  complex 
targets  is  a necessary  requirement  for  the  detailed  study  of  modern 
redar  systems  The  use  of  computers  for  such  studies  requires 
that  these  properties  shall  te  described  m compact  form  By 
making  radar  measurements  of  high  quality  scaled  models  » 
better  understanding  of  target  reflectivity  >s  being  9'^*'  ..eu  The 
dependence  of  the  received  %;ignai  on  the  * equency  and 
polarization  of  the  mcdeni  field  as  well  as  on  ne  characteristics 
of  the  radar  system  is  described  Reflections  irom  simple  shapes 
are  discussed  to  show  how  the  r^^o'  s.ross  sect'on  can  be 
computed  by  geometric  optics,  physical  optics  and  by  consideration 
of  travelling  wave  echoes  The  sources  of  radar  reflection  for  an 
aircraft  and  for  a missile  shape  are  next  discussed  These  were 
determined  by  measurement  There  follows  an  introduction  to 
the  concept  of  angular  gl.ni  Clint  properties  Of  a complex  target 
are  described  and  associated  with  the  perturbations  on  phase 
fronts  Features  of  glmt  highlighted,  in  particular  the  wander 
of  the  mean  glint  centre  with  the  target  outline  Finally  an  example 
•s  shown  of  Doppler  spectra  obtained  from  an  aircraft  Spectral 
lines  associated  with  moving  pans  are  usuaMy  present  In  this 
instance  several  frequency  components  have  arisen  which  can 
be  associated  with  the  rotating  turbines  of  engines  Author 

N74  11961  Royal  Radar  Establishment.  Malvern  'enniand) 
RADAR  ECHOING  AREAS  OF  FLYING  ANIMALS 
E W Houston  In  AGARD  Determination  Jjnd  Use  of  Radar 
Scattering  Characteristics  Sep  1973  lip  'efs  (For  availability 
see  N74  1 1954  03  07) 

The  echo  signal  from  a flying  animal  cons  sts  of  at  least 
two  components  an  average  or  moan  component  and  an 
amplitude  modulated  componont  The  mean  component  is 
proportional  to  the  slow  var.ations  m echoing  area,  resulting 
from  long  term  variations  of  the  animal's  aspect  as  it  flies  pest 
the  radar  The  modulation  component  follows  the  rapid  vacations 
genaraied  by  wmg  flapping  or  by  transient  fluctuations  m echoing 
eree  produced,  for  example  hy  head  movemef'ts  The  periodic 
wngbeat  modulation  of  the  echo  signal  from  even  a small  bird 
•s  distinctive  and  makes  >t  easy  to  separate  this  form  of  target 
out  from  echoes  By  selecti-*  measurements  on  flyir^g  animals 
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und«r  l•bor•lory  th«  tatli  of  specifying  rsder  echoing 

■reet  cen  be  reduced  when  these  stetic  croee  sections  ere 
compered  with  dynemic  echoir>g  ereee  meesured  on  emmels  in 
flight-  Author 

N74-11M2  Royei  Reder  Etteblishmem.  Metvem  (EngUnd) 
RADAR  SCA  CLUTTCR 

Geoffrey  Bishop  In  aGARO  Oetermmetion  end  Use  of  Reder 
Scenering  Cherecienstics  Sep  1973  21  p (For  eveilebilrty  see 
N74119S4  03  07) 

Reder  see  clutter  studies  heve  beert  mede  besed  on  e senes 
of  trsils.  II  which  X bervd  non  coherent  reder  meesurerr»ents  heve 
been  taken  from  e cliff  top  srte  m Cornwall.  Erxifand  Honxontei. 
vertical  and  ‘irculer  poleruetions  were  transmitted  ue*nq  pulse 
lengths  of  70  rtanosec  end  270  nerK>eec  wrth  an  antenna 
oeemwidth  of  0 6.  Horijontel.  vertical  or  both  hervds  of  circular 
polanzation  were  received  Amplitude  distribution  curves  show 
the  effects  ol  change  m see  etete.  poleriietion  er>d  pulse  ler>gth 
on  the  cross  sectional  echoing  area  cherecienstica  of  tee  clutter 
ar>d  moored  buoy  targets  Cross  polenzetion  effects  heve  been 
stwidted  Autocorreietiort  snelyses  nf  the  recorded  reder  returns 
show  clutter  decorrelation  times  varying  from  5 milliseconds  to 
several  seconds  Author 

N74-11963  Forschung^institut  fuer  Funk  und  Meihemeiik 
Werthoven  (West  Germenyl 

THE  USE  OF  target  AND  CLUTTER  DATA  FOR  OIF 
FCRENT  METNOOS  OF  DISCRIMINATION  BETWEEN 
TARGETS  AND  UNWANTED  CLUTTER 
Karl  VonSchlechta  In  AGARQ  Oeiarminatton  and  Use  of  Radar 
Scattering  Cheractenstics  Sep  1973  21  p refs  (For  aveiiabriity 
see  N74-119S4  03-07) 

The  signal  processing  procedures  adopted  in  curveiilence 
reders  for  diKrirnmeting  target  end  cluhor  are  besed  on  results 
of  statts>ical  decision  theory  The  practical  implementation  is 
discussed  with  reference  to  two  groups  of  radar  and  the  infl<>ence 
of  target  and  clutter  characteristics  are  pointed  out  A first  group 
comprises  the  processing  of  incoherent  video  signals  Tna 
examples  are  the  seouential  detection  device,  the  Scan  to  Scan 
MTI  and  procedures  for  fast  switching  between  normal  and  MTI 
video  Signal  A second  group  deals  with  the  processing  of  coherent 
radar  Signals  The  Doppler  information  of  moving  targets  is  used 
for  the  discrimination  between  targets  and  unwanted  clutter  A 
modern  device  applymg  the  likelihood  ratio  test  and  uamg 
Doppler  filters  in  the  tim«  domain  is  described  Further  investiga- 
tions are  made  for  suppression  of  rnovmg  clutter  by  adaptive 
filter.ng  Author 

N74-11964  Test  Group  (6585th).  Hollomsn  AF6.  N Mex  Radar 
Target  Scatter  Facility 

PRESENTATION  AND  STORAGE  OF  RADAR  CROSS 
SECTION  DATA 

&roM  R.  Gnffin.  Jr  !ri  AGARO  Determination  arid  Uae  of 
Radar  Scatttririg  Charactenstica  Sap  1973  24  p (For  availebdity 
aM  N74-119E4  03-07| 

The  data  required  to  be  taken  m conjunction  with  the 
maaauremant  of  radar  crosa  sections  are  divided  into  two 
cetegonea  that  aaeociated  with  target  orivntation  o>  aspect 
arwj  that  associsted  with  the  radar  maaauremant  parameters 
Several  types  of  presentation  are  used,  and  various  types  of 
records  of  the  data  are  svailabla.  both  analog  and  digital  The 
standarduation  of  data  formats  and  conventions  for  target 
ohentaiione  are  important  obHclrvaa  which  should  be  esteb- 
liahed  for  the  berief*;  of  users  of  RCS  data  Author 

N74-11SS6  EMI  Electronics  Ud  . Wefit  (England) 
use  OF  RADIO  MODELLING  DATA 

S C Woolcock  In  AGARD  Oatarmination  ar>d  Use  of  Radar 
Scattefir^  Cha  recta  net  ica  Sep  1973  13  p refs  (For  avariabddv 
tea  N74-H954  03  07> 

The  U.K  radio  modelling  facility  has  permitted  the  amaeaihQ 
of  rnuch  data  concamiog  reflections  from  • wide  variety  of  reder 
reRectir^  objec*s  at  many  different  frequencies  and  at  ell  possible 
polsrdatton  conhguraliont  The  deta  must  be  reduced  by  a 
method  which  does  rxA  ramova  details  of  the  scattering  signal 
to  wtMch  the  radar  tyitam  la  sanartive  Three  malhoda  are  m 


uae  (1)  Statistical  aummariea  such  as  cu'^ulativa  probability, 
spectral  distnbution.  autocorrelatic>n  function  or  mean  value  and 
standard  deviation,  (2)  look-up  table  (no  data  reduction)  using 
computer  storage  data  on  echo  charactanatics  of  targets:  and 
(31  multiple  source  mathematical  models  that  rtpreaent  a target 
by  a number  of  elamentary  aourcas.  each  of  defined  strength, 
p^r  diagram  and  position  A radar  anaiyait  sKampia  is  given 
where  a simple  computer  program  detarminea  the  perfo«marKe 
of  a sequaniial  lobifig  radar  m locating  a shell  whose  polar 
echo  characvsr>stica  are  fad  directly  'rom  a recording  of  the 
radio  range  data  Author 

N7A-1196S  Air  Force  Avionics  Lab.  Wnght  Pattarton  AF8. 
Ohio  Obearvablea  Group 
THE  USE  OF  RCS  DATA 

WiUiam  F Bahret  In  AGARD  Deterinmation  and  Use  of  Radar 
Scananng  Charectansiica  Sep  1973  10  p refs  (For  availaUlity 
see  N74  11954  03-07) 

Data  raquiremanta  an  j limitatio'is  are  empht  aued  that  are 
associated  with  systama  analysit  involving  radar  cross  aect^^. 
rather  than  ihe  mechanics  of  an\  actual  analyais  Traatad 
aeparataly  as  mcraasingly  sophistica  .ed  Savals  of  target  characien- 
xation  are  far  2or>n.  near  tone,  and  i^lmt  data  Typical  appl»catK>nt 
ar>d  practical  requirements  for  these  applications  are  diecusaed 
to  define  adequate  methods  for  obtaining  and  presenting  RCS 
data  The  general  theme  is  that  applying  RCS  data  is  rather 
straightforward  provided  that  truy  pertinent  and  acccrata  data 
are  available  m suitable  form  0i  the  other  hand,  to  settle  for 
less  m the  way  of  RCS  data  is  to  gamble  an  expensive  system 
design  to  save  the  re  .nveiy  sma'I  investment  fo'  obtaining  proper 
data  Author 

N74-119S7  EMI  Electronics  wid  Wells  tCngiandl 

STATE  OF  THE  ART  AND  FUTURE  PROSPECTS 

i.  A Cram  HuAnO  Oel«ir.tiiiaiiu<>  '0>r  u)  Radsi  ScattbMMg 

Characteristics  Sep  1973  p (For  availability  see  N74-1  1954 

03-071 

The  state  of  the  art  regarding  radar  scattering  characteristics 
and  their  acquisition  and  use  is  summari2ed  it  is  indicated  how 
e choice  may  be  made  a nong  the  various  methods  for  finding 
and  for  using  radar  cross  section  data  to  assess  radar  perform- 
ar>ce  Those  ere  many  methods  of  collecting  radar  data  Each 
has  Its  different  disadvantages  but  when  the  venous  methods 
are  used  with  care  and  v/ithm  their  limitations  they  give  consistent 
and  comparable  results  with  one  another  Hence  hearing  in  mind 
the  appreciable  costs  >t  is  important  to  choose  ai>  optimum  use 
of  the  various  methr^s  This  optimum  will  often  mean  some 
uae  of  all  of  the  techniques  Each  radar  systems  tnveattgaiion 
must  be  examined  ir>  determine  iho  particular  optimum  procedure 
for  finding  the  echo  data  needed  for  that  study  Author 

N74-13846ir  Advisory  Group  for  Aerospace  Research  and 
Development  Parr,  (France) 

PROPAGATION  EFFECTS  OF  FREQUENCY  SHARING 
I Ranxi.  ed  (1st  Super  PT  Viaie  Trasteverel  Sep  1973 
307  p In  ENGLISH,  partly  in  FRENCH  Presented  at  the 
Specialists  Meeiirig  of  the  Electromagnetic  Wave  Propagation 
Panel.  Rome,  711  May  1973 
.AGARD  CP  1271  Avail  NTIS  HCS17  50 

Problems  related  to  the  propagation  effects  which  may 
influence  the  feasibility  of  frequency  sharing  among  vancus 
telecommunication  services  a'C  considered  For  individual  titles 
see  N74  13847  through  N74  1387  1 

N74-13847  Radio  ar^d  pace  Research  Station.  Slough 
lEngland) 

INTRODUCTORY  SURVEY  TO  SESSION  1 PROPAGATION 
OVER  IRREGULAR  TERRAIN 

R W Meadows  7n  AGAflD  Propagation  Effects  of  Freq  Sharing 
Sep  1973  2 D iFor  availability  see  N74  13846  05-07i 

A survey  is  presented  on  the  general  problem  of  predicting 
wave  propagation  loss  over  ' regular  terrain  and  the  production 
of  unwanted  high  signal  levels  at  a distance  Mathematical 
predictions  of  terrain  screening  effects  ar^d  field  strength  for  a 
ground  path  of  a giveri  profile  are  cor^siUered  in  suitable  sitmg 
setectiOns  for  communication  terminals  G G 
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N74-13848  British  Broadcasting  Corg  Kingswood  lEnglanrtl 

THE  PROPAGATION  OF  ELECTROMAGNETIC  WAVES 
OVER  IRREGULAR  TERRAIN 

fl  W King  and  H Page  In  AGARO  Propagation  Effects  of 
Ereq  Sharing  Sep  1973  20  p refs  Prepared  m cooperation 
with  Imp  Coll  of  Sci  andTechnol  (For  availability  see  N74- 1 3646 
05-07) 

A method  is  proposed  for  calculating  the  field  strength  of 
radio  frequency  signals  propagated  over  irregular  terrain,  a typical 
application  is  'o  estimate  the  diffraction  loss  m the  shadow  of 
hills,  or  Simitar  obstacles,  for  terrestrial  transmitters  working  on 
frequencies  between  50  and  1000  MHi  Aoproximations  ere 
made  m the  theoretical  treatment  m order  to  make  the  method 
Sufficientiv  Simple  to  be  used  m the  planning  of  practical 
systems  The  ground  irregularities  are  regarded  as  approiimeting 
to  one  or  other  of  a set  of  standard  obstacles,  the  extent  of 
the  local  irregularity  which  determines  the  effective  obstacle  shape 
IS  determined,  thus  enabling  irregulai  ground  to  be  approximated 
to  a series  of  the  standardised  obstacles  The  diffraction  loss  is 
deduced  first  for  single  obstacles  and  then  for  multiple  obstacles 
the  obstacles  are  assumed  to  be  smooth,  but  the  effect  of 
roughness  is  discussed  The  theoretical  results  are  compared 
with  measurements  using  small  scale  models  and  also  with 
practical  field  surveys  Author 

N74-1Z849  Centre  Mationai  d Etudes  des  Teiecommuoicatioui 
lasy-las  Moulineaux  (France) 

ROLE  OF  ATMOSPHERIC  UCTS  IN  THE  PHENOMENA 
OF  INTERFERENCE  OVER  LARGE  DISTANCES  (ROLE  OES 
CONDUITS  ATMOSPHERIQUES  DANS  LES  PHENOMENES 
0£  BROUILLAGE  A GRANGE  OlSTANCEl 
P Misme  In  AGAHO  Propagation  Effects  of  Freq  Sharing 
Sep  1973  12  P refs  In  FRENCH  (For  availability  see  N74- 1 3846 
05-07) 

A theory  was  developed  to  serve  as  a guide  to  propagation 
irterferenr*  cS'.'Sed  by  3tmA«pH#r.r  d'JCtS  Oat?  cover 
coofficienis.  propagation  curves  anu  the  influence  of  terrain  and 
water  O'!  propagation  TransI  by  E H W 

N74- 13650  Centre  National  d Eludes  des  Telecommunications. 
I$9y 'les'Moulmeaux  iF'tnce) 

EFFECT  OF  TERRA'N  SCREENING  ON  THE  DIFFERENT 
MECHANISMS  OF  PROPAGATION  (EFFET  O ECRAN  OU 
TERRAIN  POUR  LES  OIFFERENTS  MECANISMES  OE 

propagation; 

L Boithias  In  AGARO  Propagation  Effects  of  Freq  Sharing 
Sep  1973  9 p refs  In  FRENCH  (For  availability  see  N74  13646 
06  07) 

The  influence  of  various  terrain  screening  techniques  on 
propagation  mechanisms  is  mvestir^ated  Data  are  mciuded  on 
diffraction  by  ridges  sphe'ical  di'fraclion  tropospheric  diffusion 
precipitation  diffusion  relraciion  and  reflection  Particular 
attention  was  given  to  the  rgie  played  by  local  relief 

Trans)  by  E H W 

N7A.’J861  Imperial  Coll  of  Science  and  Technology  London 
(tngland) 

RADIO  WAVE  DIFFRACTION  DUE  TO  A MOUNTAIN  OF 
VOLCANIC  ORIGIN 

W G Burrews  and  J 0 Ridier  In  AGARO  Propagation  Effects 
of  Freq  Sharing  Sep  1973  2t  p refs  (For  ovaiiabitity  see 
N74  13846  05  07) 

A simple  modelling  technique  is  employed  to  ©».am»ne  the 
field  distribution  m the  shadow  of  a mountain  obstacle  which  is 
approximately  conical  m overall  shape  and  typical  of  one  of 
volcanic  origin  The  experimental  procedure  includes  rneasuie 
mams  of  the  field  distributions  m t»ic  shadows  of  a right  circular 
cone  representing  the  ideal  mountain  shape  and  a right  circular 
cone  whose  surface  contours  are  rnodified  to  give  an  approximate 
scale  model  representation  of  an  actual  mountain  OiSlnhutiOns 
are  also  obtained  for  the  field  intensities  m the  shadovv  legio  is 
of  ttie&e  obslades  when  5ha  a**'  ovsi-  tha*-'  upper  sudaccj  suppect^ 
a temperature  gradient  which  is  subjected  to  (he  additional 
influence  of  an  au  stream  Results  are  given  to  indicate  bv 
comparison  with  those  obtained  for  a simple  krufe  edge 
representing  the  mountain  the  magnitudes  of  the  errors  that 


might  a'ise  m the  calculation  of  the  obstacle  loss  01  gam  for  a 
radio  path  when  no  account  is  taken  of  the  obstacle  shape  and 
the  aiait  of  the  atmospheric  medium  above  ns  surface  Author 

N74- 13862  Research  Inst  of  National  Oefenca  Stockholm 
(Sweden) 

VARIATIONS  IN  DIFFRACTION  LOSS  DUE  TO  TROPO 
SPHERIC  EFFECTS  AT  FREQUENCIES  BETWEEN  180  MH< 
AND  10  OHx  IN  HILLY  TERRAIN 

Ake  Blomqutst  Folke  Ekiund.  and  Lennart  Nusson  In  AGARO 
Propagation  Effects  of  Freq  Sharing  Sep  1973  13  p refs 

(For  availability  see  F'74  13846  05  07) 

Tha  variations  m time  o*  the  diRraction  loss  at  the  frequencies 
180  2300  and  9350  MHz  have  been  studied  over  a 30  km 
path  IP  irregular  terrain  lypicai  for  central  Sweden  during  a period 
of  about  3 years  In  addition  to  these  measurements,  short  term 
field  strength  recordings  have  been  car'  '*d  out  at  44  66.  88 
and  1000  MH2  The  angular  distan  of  the  path  was 

0 38  deg  The  diffraction  loss  over  the  puih  was  normally  quite 
constant  at  the  frequencies  studied  The  stable  signal  had 
however,  a superimposed  component  of  vary  small  amplitude 
With  rapid  fading  probably  due  to  turbulent  scatter  Mamly  at 
night  during  summer  it  occured  that  the  screening  effect  \ as 
considerably  reduced  due  to  propagation  disturbances  caused 
by  layered  tropospheric  structures  Two  different  tyoes  of  signal 
can  then  be  distinguished  rapid  amplitude  variations  of  irregular 
character  with  a somewhat  higher  average  level  compared  to 
the  stable  signal  mentioned  above,  and  rather  slow  amplitude 
variations  with  deep  fading  minima  of  regular  character  and  with 
a much  higher  average  level  than  the  stable  one  Statistics  of 
the  variations  m diffraction  loss  are  presenter  anJ  possible 
propagation  mechamsrrs  causing  the  vansiions  are  discussed 

Author 

N 74- 13863  Centro  Rad'oeiettoco  Sperimentale  G Marconi. 
Rome  Otalv) 

TROPOSPHERIC  INFLUENCE  ON  THE  SCREENING  EFFECT 
DUE  TO  A MOUNTAIN  RIDGE.  ON  3 GHt 

1 Ranzi  and  P G'orgi  In  AGARD  Propagation  Effects  of  Freq 
Sharing  Sep  1973  3 0 (For  availability  see  N74- 13846  05-07) 

Du'ing  one  year,  measurements  have  been  carried  out  of 
the  basic  propagation  loss  at  3 04  GHz  m a 56  2 km  path 
comprising  a mountain  flat  top  of  933  m of  height  The  annual 
median  value  of  the  basic  propagation  loss  resulted  to  be 
220  7 db  the  median  loss  due  to  obstacle  was  83  7 db.  that 
IS  more  than  45  db  higher  than  the  loss  due  to  a knife  edge 
obstacle  The  statistical  analysis  of  the  received  signal  showed 
the  presence  of  a Rayleigh  component  and  of  a slow  fading 
component  the  monthly  median  value  o(  the  last  component 
was  about  10  db  lower  than  the  Ray'eigh  component  on  January 
and  3 db  lower  on  June  As  the  monthly  median  signal  amplitude 
increased  by  about  14  db  from  January  to  June  it  *i^eems  that 
an  impcdar.t  ccntributior;  derived  from  :c!!cc!:enc  f.'c.m 

relatively  stable  layers  above  the  mountain  top  Author 

N74  13854  Computer  Sciences  Corp  . Falls  Church  Va 

PRECIPITATION  MODELS  FROM  RADAR  AND  RAINFALL 
DATA 

Frederick  J Altman  In  AGARD  Propagation  Effects  0*  Freq 
Sharing  Sep  1973  18  p ref$  (For  availability  see  N74  13846 

05  07) 

To  guide  estimates  of  attenuation  and  scattering  of  radio 
waves  a model  for  spatial  distiibutions  of  'efieclivity  m storm 
cells  has  been  fitted  to  d'gitized  radar  da'a  The  model  assumes 
ellipses  for  contours  of  constant  r^fieciivity  factor  Z with 
consiant  orientation  and  ecceni  cit\  wilhm  a horizontal  cell  cross 
section  St  a given  time  and  evaluation  The  centers  of  the  ellipses 
are  assumed  uniformly  sp^ved  on  a straight  ime  with  areas 
linearly  related  to  log  Z except  for  cell  tops  and  bottonis  and 
for  splitting,  the  cro«*  seciions  were  similar  at  different  heights 
especially  for  the  highest  'Ciiectivities  In  an  attempt  to  relate 
reflectivity  aloh  to  surface  rainfall  similar  radar  data  and  hourly 
rainfall  uom  ju  stations  wunm  a circular  area  about  200  )(n>  ir. 
radius  ware  used  to  srudy  precipitation  distributions  i.'i  (ime  and 
space  Both  types  of  data  were  found  to  provide  xu^ilar 
distributions  with  useful  correlations  among  several  p?rarT>«ters 

Author 
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N74- 13466  D«utftch«  BundMOOtt.  Oirmiiadt  <W«tt  Germany) 
MiASUBCMCNTg  Of  ^BCCIPITATION  SCATTER  AT 
116  QHt 

F Dintalmann  and  f Buackar  /n  AQARO  Propagation  EBacU 
of  Fraq  Sharing  Sap  1973  6 p rats  (For  availability  aaa 

N74  13846  05  07) 

A btsiaticai  aKpanm«ntai  study  of  pracipiiai»or\  scatter  at 
116  GHt  It  proposed  that  uses  simuitanaously  staa.abla 
tranfmitting  ar^  racerving  antarnos  saparatad  by  a large  area 
TThi  aUowt  for  scatter  obsarvat  ons  on  ramshoviiars  cros$ir>g  (he 
rudtc  link  and  to  determir>a  rha  structura  ar>d  dynacites  of  ram 
r.alts  G G 

N74>  13666  Office  of  Taiacommumcations.  Boulder.  Colo 

Et^lMATlMG  ATTENUATION.  SCINTILLATION.  AND 
8CATTEAING  DUE  TO  RAINFALL  FOR  SATELUTE. 
OROUF^O  SYSTEMS 

H T Dougherty  arxf  E J Dutiori  /n  ACARO  Propagatior. 
Etfacta  of  Fraq  Sharing  Sap  1973  13  p reft  (For  availability 
see  N74-13346  05-07) 

A staie-of-the  art  angmuering  model  it  described  for 
estimating  *he  expected  performance  degradatior^  of  tateiUte-to 
ground  microwave  Systems  because  of  atmospheric  gases  clouds 
ei^  ram  The  model  ncorporates  an  allowance  for  the  spatial 
structure  of  atmosphe  c gases,  clouds  and  ram  as  wail  as  local 
end  regional  rainfall  statistics  The  estimates  are  m terms  of 
attenuation  er>d  scintillation  as  well  as  (he  volume  renecdvity 
which  contributes  to  co  channel  interference  Composite  predic 
t»ons  ere  given  for  1 5 GHj  as  representative  of  microwave  sigr^sls 
for  small  percentages  of  an  average  year  Th'  j prediction  is  a 
function  of  location  and  the  angle  of-amvat  u ground  stations 
on  the  central  east  coast  of  the  USA  Author 

N74  13667  TechniKhe  Hogeschool.  Eindhoven  (Ner  erlands) 
INTRODUCTORY  SURVEY  TO  SESSION  3 CONTROL  OF 
ANTENNAE  SIDE  LOBES 

e VanOi|l  'n  AGARO  Propagation  Effects  of  Freq  Sharing 
Sec  1973  9 p refs  (For  availability  see  N74  13846  05-071 
After  a short  discussion  of  the  importance  of  side  Icbes  for 
communication  networks  and  of  their  physical  background  the 
emphasis  is  laid  on  the  development  of  msight  m the  possibilities 
of  influencing  near  angle  side  lobes  The  effect  of  blocking  of 
(he  aperture  by  obstructions  is  discussed  m general  terms  and 
an  estimate  is  made  of  (he  magnitude  of  the  blocking  effect 

Author 

N74-13B6B  Techmsche  Hogeschool.  Eindhoven  (Netherlands! 

SOME  ASPECTS  OF  NEAR  AND  FAR  ANGLE  SlOElOBES 
IN  00U6LE  REFLECTOR  ANTENNAS 

j Oi|k  end  E J Meanders  >n  AGARO  Propagation  Effects  of 
Freq  Sharing  Sep  1973  16  p refs  (For  availability  see 

N74- 13846  05-07 1 

Analysis  and  synthesis  ol  the  directive  gain  pattern  of  reflector 
emennes.  especially  Cassegrain  antennas  are  considered  After 
a short  introduction  mio  the  geometry  of  classical  and  shaped 
Cassegrain  antennas,  scalar  aperture  theory  is  used  m a method 
to  calculate  the  mam  lobe  and  near  angle  sidelobes  of  a blocked 
aperture  ScalSi  aperiure  theory  is  also  used  lo  calculate  (he 
tidelobet  ol  mismatched  shaped  Cas  egram  aniennas  The  second 
pan  of  the  paper  deals  with  far  angle  sidelobes  An  example  of 
Ktrchhoff  integration  is  shown  and  fi  iaily  'I  is  demonstrated  that 
by  shaping  mam  and  subreflector  power  scattered  by  subrenecior 
ar^d  auppons  may  be  transported  m the  correct  phase  to  (he 
aperture.  c'.*creasmg  far  angle  scatiormg  Author 

N74-13669  Socieia  Maliana  per  i Esercizio  Telefonico.  Rome 
<iia>yi 

THE  RADIATION  DIAGRAMS  OF  ANT<^V'NAS  USED  IN 
TERHf^STRlAL  MICROWAVE  LINE  OF  F GH^  SYSTEMS 
C Colavito  and  G Mesone  fn  AGARO  ’ropa.iation  Effects  of 
Free  Sharing  Sep  1973  3:.  refs  {For  c lab.-.'itv  . ec  N71  13843 
05  07) 

Measurements  carried  out  on  parabol.c  disk  ant  nnes  used 
in  terrestrial  microwave  line  of  sight  relay  systems  are  reported 
Th'^ie  syaiems  are  allocated  in  ik«  7 CH2  frequericy  bend  which 
It  shared  between  terrestnai  and  satellite  fixed  services  The 


measuramertis  have  been  performed  m a field  where  (he  free 
space  propagation  conditions  were  approximated,  as  wed  as  in 
tha  rail  mstaliation  conditions  In  iha  two  abova  maotioned 
Situations,  the  smoothed  envelopes  of  the  radistion  diagrams 
have  been  obtained  for  different  types  of  antennas  Some 
cor>c)usive  remarks  are  made  concerning  the  charactenttics  of 
tha  tarrestnal  radio  relay  antennas  to  be  considered  m the 
interference  analyses  Author 

N74<13B60  Louvam  Univ  (Belgium) 

SYNTHESIS  OF  APERTURE  DISTRIBUTIONS  FOR  OP- 
TIMUM GAIN  WITH  NOISE  AND  INTERFERENCE  REJEC- 
TION 

M Salsk  and  P Oelogne  /r>  AGARO  Propagation  EHecta  of 
F'tq  Sharing  Sep  1973  12  p refs  (For  avadabilitY  see 

N74-1384e  05-07) 

Synthesis  of  the  aperture  distributions  yielding  the  beat 
retectinn  of  noise  or  interfering  sources  located  m a gnren  region 
of  the  'adiation  pattern  is  examined  Previous  methods  sre 
reviewed  it  is  shown  that  they  a.e  not  always  optimum  or 
raquira  too  much  computer  time,  tit  yield  too  complicated 
distributions  for  practical  purposes  The  proposed  method  permits 
the  optimi^aiiof'  of  the  gsm-to-lemperaiure  ratio  for  sn  arbitrary 
distribution  of  noise  and  interfering  sr'urcas.  it  avoids  superdirectiv- 
•ty  end  even  unnecessary  sophistication  of  the  distribution  Results 
are  presented  for  linear  and  circular  apertures  w;th  symmetrical 
distributions  Author 

N74-13861  Fondaziona  Ugo  Boidoni.  Rome  (Italy) 
INTRODUCTORY  SURVEY  TO  SESSION  4 PROPAGATION 
DATA  FOR  INTERFERENCE  PROBABILITY  OETERMINA 
TIONS 

F Fedi  In  aGARD  Propagation  Effects  of  Freo  Sharing  Sep 
1973  5 p refs  (For  availability  see  N74- 13846  05  07) 

Veriwf  aspects  r^f  t^oposphenc  propegetion  and  interference 
probability  calculai'on  methods  are  considered  for  a wide  range 
of  frequencies  Wave  scattering  reflecting  and  ducting  phenoimena 
are  studied  es  well  as  attenuation  due  to  the  atmosphere  and 
to  precipitations  both  for  terrestrial  arid  satellite  radro  links 

GC 

N74-13862  SIGMA  Association  Hamburg  (Weet  Germany) 
DUCTING  PROPERTIES  OF  ELEVATED  LAYERS 
C Fangler  In  AGARO  Propagai'On  Effects  of  Freq  Sharing 
Sep  1963  9 p refs  iFpr  aveilabilily  see  N74- 13846  05-07) 

Field  strength  observed  at  VHF  and  UHF  iranshonjon  paths 
exceeds  considera'^  average  value  m 1Q%  of  time  These 

10%  ve-ues  are  due  to  the  influence  of  elevated  layers  if  ground 
be^d  layers  are  absent  in  trie  referred  observations  at  individual 
paths  the  obvious  explanation  by  reflection  processes  fails  because 
of  ray  geemeir/  Ducting  mechanisms  have  to  be  assumed  The 
possibilities  q(  ducting  are  generally  considered  m point  of  view 
of  rev  theory  wave  optics,  and  path  geometry  for  venous 
tropospheric  profiles  Author 

N74-13R63  Research  Inst  of  Netionai  Defence.  Stockholm 
(Sweden) 

THE  OCCURRENCE  OF  VERY  HIGH  FIELD  STRENGTHS 
AT  BEYOND  THE  HORIZON  PROPAGATION  OVER  SEA 
IN  THE  FREQUENCY  RANGE  60  6000  MHz 

Sture  Wickerls  arid  Lennart  Nilsson  In  AOARD  Propegetiori 
Effects  of  Freq  Snaring  Sep  1973  15  p refs  (For  availability 

see  N74  13846  05-07) 

Tne  occurrence  of  enhanced  fields  has  been  studied  over  a 
sea  pelh  of  160  km  ai  the  frequencies  170  MHi.  460  MHz 
end  5000  MH/  for  short  periods  also  60  MHz  «vas  used  Long 
term  measurements  of  field  strength  h.*ve  been  performed  since 
1968.  which  includes  some  period  of  rr.etecrological  measurement 
■*cr  these  measurements  an  airborne  refractometer.  captive  balloon 
sondes  and  an  aco-j5t>c  sounder  were  used  The  received  aignala 
cm  be  class. fied  by  'he  following  three  types  Standard 
atmosphere  signal  (iropospheric  scatter  signal),  unstable  high 
Signal  caused  by  reflection  in  elevated  tropospheric  layers  and 
stable  high  signal  caused  by  ductmg  Tho  fact  that  the  signals 
stdiffe'fnt  frequencies  are  only  occasionally  correlated  indicates 
that  the  propagshon  is  governed  by  different  mechanisms  m 
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p«as  of  th«  frequcruy  spectrum  A case  study  Oi 
propa9^tK>n  ur>der  various  tropospheric  conditions  artd  the  long 
term  etaiittici  of  the  different  signal  types  are  given  Author 

N74-l3Stt4  Communications  Research  Centre.  Ottawa  (Onta- 
nol 

INTERrCRENCE  MEASUREMENTS  AT  IS  7 GHt  OVER  A 
LONG  TRANSHORIZON  PATH 

R L Olsen  and  U H W Lammers  In  AGARO  Propagatior\ 
Effects  of  Freq  Sharing  Set  1973  IS  p refs  Prepared  m 
cooperation  with  AFCRL.  H G Hariscorn  Field.  Mass  (For 
avaiUbility  tee  N74- 13846  OS  C'’! 

Experiments  are  being  earned  out  to  obtain  transmissior; 
loss  ftatistics  for  SOO  km  overland  path  at  1S7  OHt  The 
interference  situation  simulated  is  that  of  a tenestnal  transmitter 
interfenr>g  into  the  earth  terminal  receiver  of  a space  communica 
tions  system  along  the  great  circle  path  between  them  or  at  off 
path  angles  close  to  the  great  circle  a/imuth  The  initial  results 
of  measurements  over  a six  month  per»od  indicate  that,  for  this 
path  the  empirical  method  underestimates  the  transmission  loss 
fH)t  exceeded  for  small  percentages  of  the  time  by  an  amount 
which  irKreases  with  the  elevation  angle  of  the  earth  station 
antenna  Additional  analysis  is  also  bemg  earned  out  to  determine 
the  relative  occurrertces  of  turbulent  scattering,  hydrometer  scatter 
(including  cloud  scatter),  and  ducting,  and  to  separate  the  data 
accordingly  Author 


N74-13866  GEC  Marconi  Electronics  Ltd  Chelmsford  (Eng- 
land' 

TROhOSCATTER  PROPAGATION  IN  AN  EQUATORIAL 
CLIMATE 

R Larson  In  AGARO  Propagation  effects  of  Freo  Sharing 
Sep  1973  9 p refs  Sponsored  by  the  Mm  of  Defence  (For 
availability  see  N74-13646  06  07i 

A troposcatter  link  between  Singapore  and  Penang  was 
operated  lor  almost  two  years  Ounng  this  time  contmuoiis 
analogue  recordings  of  received  signal  strength  were  made  and 
meteorological  measurements  were  also  made  at  both  ends  of 
the  link  The  radiometeorology  proved  to  be  very  stable  and 
was  an  excellent  example  of  equatonai  type  climate  The  measured 
median  signal  levei  was  very  close  to  the  predicted  value  and 
also  the  hourly  median  signal  levels  followed  a log-normai 
distributK)n  With  great  fidelity  even  to  extreme  percentage  levels 
both  high  and  low  Consideration  of  the  available  data  led  to 
the  conclusion  that  there  was  no  evidence  of  any  ducimg  at  all 
a pure  scatter  signal  being  received  throughout  Fast  fading  records 
irKficated  that  even  at  the  highest  signal  levels  a Rayleigh  fading 
Signal  was  present  and  the  log-normal  and  Rayleigh  distributions 
have  been  combined  to  produce  an  overall  distribution  of 
instantaneous  signal  level  Auiho* 


N74-13866  Radio  and  Space  Research  Station  Slough 
(England) 

STATISTICS  OF  HIGH  LEVEL  BEYOND  HORIZON  SIGNALS 
AT  2 2 OHx  AND  2 6 GH<.  AND  MEASUREMENTS  OF  THE 
VARIATION  OF  THE  ARRIVAL  ANGLE  STRUCTURE 
M P M Hall  In  AGARO  Propagation  Effects  of  Freq  Shsrmg 
Sep  1973  10  p refs  (For  availability  see  N74  13846  05  07) 
Continuous  recordings  ol  field  strength  were  made  simuMa 
neously  over  two  300  km  troposcatter  paths  one  over  'and  at 
2 6 GH^  and  (he  other  partly  over  sea  at  2 2 GHz  The  recordings 
were  made  on  12m  diameter  antennae  at  ChilboMr  > (near 
Winchester  UK)  Penodicsily  the  26  m jit,meter  steerable  antenna 
was  used  to  scan  across  the  paths  m bearing  and  elevation  to 
determine  the  angular  distribution  of  the  arriving  energy  An 
analysis  is  presented  ol  the  high  signal  strengths  exceeded  for 
small  percent nf  the  time,  of  the  relative  duration  of  these 
enhancement  periods  and  of  the  changes  in  angular  spread  which 
occurred  as  the  high  signals  huih  up  and  died  away  Results 
from  an  analysis  ol  the  cross  correlation  of  the  outputs  from 
large  and  small  aniennas  are  presented  m order  to  determine  if 
phase  cac'L.eilation  ol  unwanted  interference  may  be  feasible 
during  periods  when  interlerence  signals  on  troposcatter  paths 
become  unaccepiable  high  Author 
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N74  13B67  Scripps  Institution  of  (Oceanography.  La  Jolla. 
Ceiif 

HF  MEASUREMENTS  OF  OCEAN  WAVE  DIRECTIONAL 
SPECTRA 

Roben  H Stewart.  Calvin  Teague.  Joseph  W Joy.  and  G Leonard 
Tyler  In  AGaRO  Propagation  Effects  of  Freq  Sharing  Sep 
1973  7 p refs  Prepared  «n  cooperation  with  Stanford  Univ 

(For  availability  see  N74  1364S  05-07) 

(Contract  N00014  69  A 02(X)  6012) 

Bragg  scattered  HF  radio  waves  were  used  to  measure  the 
directional  spectrum  of  0 14  Hz  ocean  waves  during  a time 
when  ;tiey  were  m equilibrium  w.th  a constant  ar%d  spatially 
homoge.'Sous  wmd  field  The  radio  data  consisted  of  monostatic 
measurements  o;  LC~tAN  A radio  signals  backscatiared  from 
the  ocean  These  signals  are  pulsed,  coherent,  and  vertically 
polarized  and  are  resonantly  scattered  only  by  0 14  Hz  ocean 
waves  rnoving  radially  toward  or  away  from  the  transmitter  receiver 
point  The  direction  of  arrival  of  the  radio  waves,  and  thus  the 
diraiiionai  distribution  of  the  ocean  wave  energy  was  determined 
by  synthesizing  a directional  antenna  having  a maximum 
beamwidih  of  5 10  deg  The  synthesis  was  done  by  moving 
the  receiver  along  two  nearly  orihcgonal  paths  using  the  runway 
and  taxiWdys  of  the  island  The  right  left  ambiguity  in  the 
Synthesized  antenna  was  resolved  by  using  a switched  cardiO'd 
antenna  which  looked  alternately  to  the  right  and  the  left  as 
the  basic  receiving  element  The  angular  dependence  of  the  ocean 
wave  directional  spectrum  is  presented  as  a function  of  wind 
speed  Author 


N74-13868  Hamburg  Univ  iWcsl  Germany)  Inst  fuer 
Radiometeorologie  und  Mjniime  Meieorologie 

EXPLANATION  OF  VERY  LOW  FIELD  STRENGTH  LEVELS 
ON  LINE  OF  SIGHT  PATHS  OVER  SEA 

H W Fiuechienichf  /n  AGARO  Propagation  FHects  of  Freq 
Sharing  Sep  1973  12  p refs  (For  availabiiiiy  see  N74- 13646 

05  071 

line  of  Sight  propagation  over  sea  may  be  treated  by  ray 
tracing  The  method  is  applied  to  linear  profiles  and  duct  profiles 
of  the  refractive  index  The  model  caicuiaiion  show  that  the 
receiving  field  passes  through  a number  of  interlerences  lobes  J 
the  duct  thickness  is  increased  This  effect  is  verified  by 
experiments  FurthcnriOfe  the  theoretical  considerations  yield  that 
the  sea  evaporiiion  duct  causes  a certain  antenne  height,  where 
the  receiving  field  rnay  vanish  W lh  increasing  duCt  thickness 
this  Special  'eceivmg  point  is  snifted  upwards  Vertical  polarization 
puts  il  on  a lower  level  than  horizonial  polarization  Moreover 
With  increasing  duel  thickness  it  is  shifted  upwards  mo'e  slowly 
•or  vertical  polarization  than  for  horizontal  polarization  Autho' 


N74  13869  Servico  de  Teiecomunicacoes  Miiiiares  Lisbon 
t Portugal' 

ANALYSIS  OF  11  GHz  BAND  PROPAGATION  IN  POR 

tugal 

J A Saraiva  Mprvjes  in  AGARD  Propagaiiort  Effects  of  Freq 
Sharing  Sep  ’ J 7 3 8 p refs  iFo»  avaiiabi'ity  see  N74  13846 

05  071 

Supplemental  attenuation  due  to  ram  ai  1 1 GHz  on  paths 
20  km  long  in  different  places  of  Portugal  is  eslimaled  The 
Cumulative  diStrii.;L.liOns  o(  clock  hourly  ram  rates  <Of  LiSbcn. 
Oporto  and  Coirr.bra  are  calculated  and  co'nyared  with  ifiose 
obtained  directly  from  climatic  data  usmg  the  rnethod  proposed 
by  Russak  and  Easley  Then  usmg  the  rneihods  proposed  by 
Quaita  and  by  Boithias  et  a'  tf*e  curnuiative  dismbuiions  of 
instantaneous  attenuation  due  to  ram  are  also  calculated  for 
Lisbon  Oporto  arid  Coimbra  The  res-iits  obiametf  with  both 
methods  are  corrpa'ed  and  discu>sed  It  seems  that  (he  method 
proposed  by  Boitbias  ei  a!  cannot  tie  widely  used  m Portugal 
However  (he  'Oduction  coefficienlu  (iroposerl  by  Boithia*.  et  al 
in  o'de'^  to  obtain  the  etjuivaiern  rain  rale  aiof*g  a path  lead  to 
doiiibutior's  s'rniia'  lo  those  oliiamed  wnh  with  the  method 
proposed  t)v  Qua.'ta  The  estii'nated  su(>()iern..r,ial  atter'  jation  in 
a path  20  km  long  at  1 1 GHz  is  about  35  dt^  for  0 001%  of 
the  year  and  Jo;  paths  ortf  ogonai  lo  lf>e  darinnani  winds 

Author 
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N74- 13870  Otpariment  of  Iran»poria(K>n.  Carr^bfidg*  Maa» 
MEASUREMENT  OF  ATMOSPHERIC  ATTENUATION  AT 
THE  FREQUENCIES  OF  16.  19.  AND  34  OHa 
Gaorg*  G Haroutaa.  Wilfrad  E Broiwn,  arxj  Gra^ory  J Biahop 
In  aGARO  PiOpa9«iion  Effactt  of  Fraq  Sbafing  Sap  1973 

14  p raff  IFor  avatlabtlity  aaa  N74  13846  OS  07) 

Thar#  ar«  two  mathodf  of  datarmminy  atmoaphanc  attanuation 
wfthoot  havinp  to  uaa  a apaca  vahicia  in  tha  fuat  atianuation 
may  ba  maaaurad  by  obaarving  iha  aatmction  ol  an  aNoainwapbarK 
aourca  aa  a functioo  of  iha  tanrth  angla  Tha  aacood  mathod 
dapanda  upon  tha  maaturamani  cf  ain-koaphartc  armaa«on  from 
wh<h  tha  corraapooding  aiianuatton  ta  cakulatad  wamg  an 
aaaumad  atmotphanc  maan  tampauiura  Tha  magnituda  of 
atmoaphaoc  atianuaiion  and  iha  raiairva  hma  tniarvai  of  »tt 
occurranca  al  mitlimaiar  wavalangiha  mual  includa  cona*darat<on 
of  tha  alavat<on  angia  of  obaarvaiion  Knowladga  of  tha  parrantaga 
of  lima  during  Mh»ch  rtiaiivaiv  high  vaiuaf  of  anar^uai*o<i  art 
obaarvad  is  irraiavani  without  considaratton  of  tha  aiavation  arvgia 
of  obaarvation  at  tha  uma  of  occuirarKa  Attanuat«oo  atatrtt»ct 
ratuhir>g  from  a twalva  month  obaarvaimn  | ^ram  ara  pratantad 
Tha  tun  If  utad  at  a tourca  of  mtcrowa«a  r«.,iBtion  T >«  dyr\am«c 
rar>ga  of  atmotphenc  attarKiaiion  maatu'amant  capability  it  m 
aicatt  of  30  db  Author 

N74  13871  Army  SataMiia  Commurucafront  Agar>cy  Fort 
Monmouth  NJ 

THE  INTERRELATION  OF  PROPAGATION  EFFECTS  AT.D 
DESIGN  FACTORS  FOR  FIXED  SERVICE  COMMUNICA 
TIONS  SATELLITE  SYSTEMS 

Billy  J Fantiar  and  $ M Sagr^er  tn  AGARO  Fiop'igaitor^ 
Effactt  of  Fraq  Shai  .*ig  Sap  1973  ll  p raft  Fiaptrt  j m 
cooparation  with  ECOM.  F|  Monmouth  N J (For  availability 
taa  N74  I3B46  05  07) 

Tha  problamt  of  frequancy  tharm^  batwaan  mgltKhannal 
trantmitaion  utmg  tataiiitat  and  muitichannai  irantmitsion  ut<ng 
radio  ralav  raviawad  Two  cases  of  potential  mtarfaranca 
involve  determination  of  coordination  disianca  bated  on  normtliiad 
batic  trantmi^ion  in  the  abtanca  and  m the  pretence  of 
precipitation  One  case  it  for  the  earth  sration  racatvad  signal 
being  intarfered  with  by  tarrattriti  ttation  transmitters  Tha  tacond 

15  lor  aarih  station  iransmitted  signal  mtarlaring  with  tarrastrial 

station  racaivers  Taking  advantage  of  a newly  written  computer 
program  tha  effects  of  varying  propagation  facfn't  -eaio  climat-c 
regions,  rain  climatic  zones  and  mierferenct  duration  is  mvesti 
gated  Author 


X74  73498  Advisory  Group  for  Aeros(»ace  He^ear.h  ami 
Development  Pan^  (Fiance' 

iHE  IDENTIFICATION  OF  MILITARY  UTILIZATION  OF 
FREQUENCY  BANDS  ABOVE  10  GHz 

H J Albrecht  Jui  1972  68  p 
'AGARO  AR  421 

NATO  Restf'cled  Repon 
The  radio  freguencv  specirum  below  10  Gh/  is  rapidly 
reaching  Saturation  National  Auif.oriiies  are  achvelv  considering 
a revision  ol  the  internatiorial  allocation  of  the  spe*!ri,.n  atx^ve 
10  (jH/  In  order  that  NATO  Military  Auit»oruies  «na,  assure 
the  SatiSlaCtiOn  of  NATO  wide  rmlitaiy  fCrjuiremr-Mi*,  j.uJ  be 
supported  by  adequate  technical  knowledge  an  overall  NATO 
evain.itior-  oi  the  propagation  (larami-ters  affecli/ui  ibo  -ise  o* 
iho  speciruni  above  10  GHz  was  necessary  and  is  presented  m 
this  repoM 


K74  73499  Adv  isory  Group  for  AefOSi)3ce  Reseanh  anil 

Oevelopmen!  Pans  (France) 

THE  IOE*ITIFICATlON  OF  MILITARY  UTILUATION  OF 
FREQUENCY  BANOS  ABOVE  10  GHr 

H J Aih'ect't  ed  Jun  197  3 52  p Reviser) 

^a.jARO  AR  42  Rev) 

NATO  Rcst.'ir.iori  Report 

For  abstract  see  X74  73490 
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Includat  compuMr  Qpatiiion  tnd  programming,  arid  data 
procaaiing  For  applicationt.  aaa  (pacific  calagona*  For 
ralaiad  mtormalion  (ao  al>o  19  Mathamaiics 


N72-111T4i|l  Adviaorv  Group  for  Aaroapaca  Raaaarcfi  and 
Odvatopmant.  Fana  IFrancal 
ARTIFICIAL  INTf  LLIOINCC 

Thomaa  0 Evant.  ad  Sap  1971  324  p raft  Fraaantad  at 

AQAAO  Avionict  Panel  Teen  Svmp  on  Artificial  Iniailiganca. 
Foma.  24-26  Way  1671 

IAOAnD-CP-94-711  Avail  NTlS  HC  S6  OO- MF  SO  96 

Tha  conlarance  papart  on  anificial  intalhganca  with  amphae.t 
on  panarn  recognition  k raponad  Other  araat  covered  ware 
rodotry  and  robot  viaion  quaation-anewa'ing  natural  language 
and  apaaeh  ra:ogniiion  and  man-machmt  mtarauive  problem 
aoNing 

N72-1117S||I  Grumman  Aaroapaca  Corp  . Bathpaga  N Y 
EBTABLIBHINO  REQUIREMENTi  FOR  ARTIFICIAL 
INTELLIOENCE  IR!  THE  AIRBORNE  AND  BRACE 
ENVIRONMENTB 

Robert  8 Aha  in  AGARO  Artificial  Intalliganca  Sap  197  1 
9p  rafa  (See  N72-1 1174  02  081 
Avail  NTlS  HCS8  00  MFB0  96 

Man  machina  companaoni  and  baaic  raauiramant  parama- 
tara  for  thoaa  moai  cuciai  operational  prob'ama  lor  airborne 
apace,  and  non-tarrain  oparationa.  wharam  man  muat  make  uaa 
of  artificial  intalliganca  lachniquaa.  are  delinaaiad  Oparationai 
araaa  diacuaaad  ara  aafaty  of  flight  m flying  eloaa  to  the  earth 
miaaiona  for  aurvaillanea  and  raconnanaanca  oparationa.  aircraft 
control  in  tha  vicinity  of  airporta.  apace  ahuttia  dockmg  and 
othar  critical  oparationa  Author 


N73>1117Btl  Waahington  Univ . St  Louia.  Mo  Oapt  of 
Applied  Waihamatica  and  Comcular  Scianca 
ROBOT  OATA  BCREEhlINO;  AN  INTELLIGENT  (71  OATA 
SEARCH  TECHNIQUE 

Theodor  0 Starling  In  AGARO  Artificial  Intalliganca  Sap 
1971  Bp  raft  (Sea  N72-1  1 174  02081 
Avail  NTlS  HCBBOO  'MF  S0  9S 

The  procaaa  of  robot  data  acraaning  la  deaenbad  aiid  an 
evaluation  la  made  of  ita  potential  ai  a poaaibla  hau  ianc 
procedure  to  aid  in  aorting  out  the  moot  important  faaturao  in  an 
*B9'*6*l*  ol  ampancai  obaarvanone  Robot  acraanmg  uaaa  .r 
maaaura  of  ralavanca  of  variabiaa  derived  from  trie  ueafvinaae  of 
vanabiaa  to  aerva  aa  pradiciora  for  me  outcomaa  of  obaarvationa 
II  i(  pointed  Out  thal.  although  probability  of  correct 
croaa-claaaification  la  a aatiafactory  method  entropy  conatiiwtaa  a 
more  aurtabla  criteria  for  determining  relevance  In  robot  acraanmg. 
the  entropy  produced  vvith  each  croaa  ciataification  la  aiammed 
and  thoaa  mat  indicate  me  largaei  change  m entropy  era 
lelactarf  Special  teats  aia  than  applied  to  each  vanabia  o' 
variabla  comomationo  to  aaa  if  ita  uaa  la  an  improvamant  over 
the  uaa  of  no  or  favrai  pradictora  As  a fmai  (tap  a eaarch 
algorithm  provides  a practical  method  to  converge  upon  the 
more  useful  croas-ciaaaification  variable  combinations  0 LG 


N72-11177a  Oamoentua  Nuclear  Research  Canter  Athens 
(Graaca)  Electronic  Computara  Oiv 

ON  TYE  QUESTION  ANSWERING  SYSTEM  JELFI  AND 
ITB  ARRLICATION 

J ftontoa  and  A Koaaidaa  In  AGARO  Artificial  Intelligence 
Sap  '671  Bp  rale  (Sea  N72  111  74  02  08) 

Avail  NTlS  MC  SB  OOi  WF  SO  96 

The  laiaat  version  of  me  quaafion-answenng  ayatam  oElfi 
IS  described  and  ansmpiss  of  its  application  era  given  OELFI  is 
baaed  on  the  automatic  generation  of  piograms  that  axpraas  'ha 
meaning  of  Engiiah-titia  santencaa  via  a orocac  jrsi  intermedisia 
language  Thii  ganeral  characteristics  of  DELFi  are  mass  storage 


Preceding  page  blank 

dita  btM.  vgntty  of  appiicttion.  modjiar  d«iign  and  aimoat 
raaliatic  acala  of  parformanca  Tha  Engiiah-iika  itntancta  acctpiad 
by  OELFI  aiatannanta  quaatM>na  commanda  and 

condiiioApi  a«ritanc#t  Th«a«  aantancaa  ara  parMd  ar»d  tranaiatad 
by  a grammar*diraciad  aamant»c  tntarpratar  mto  programa  m a 
b«gh-laval  procadural  languaga  comppaad  from  procadurai 
tamantic  componanta  Tha  procadural  aamantic  componanta 
uaad  parform  oparationa  which  ara  of  ipgical  aat  procaaamg. 
data  ftow  control  and  program  flow  coniro!  kind  raapactivaly  Th# 
program!  ganaratad  hava  accaaa  to  th#  data-baaa  for  updating 
and  ratriavai  Eiampiaa  of  application  of  OEIFI  ara  givan  m data 
managamant  pictura  procaaamg  and  aimpia  problam  aoivmg 

Author 


NT2  Hl70a  IBM  Italia  Roma 

AN  APPROACH  TO  NATURAL  LANGUAGE  FOR 
COMMAND  AND  CONTROL  SYSTEMS 
A Laniara  /n  AGARO  Anificial  Intalliganca  Sap  1071  $ p 

rafatSaa  N72-1U74  02>06) 

Avail  STIS  HCS4  00  MFSOBB 

Tha  faaaibiiity  waa  axarrMnad  of  dafmtng  a highly  uaar-onaniad 
languaga  ••  doaa  o«  poaaipia  to  a natural  languaga.  for 
connmand  ar^d  control  ayatama  Savarai  diffarant  languaga 
mpdaia  war#  anaiytad  dacauaa  of  th#  racognizad  difficulty  of 
computar  program!  to  fully  undaratand  a natural  languaga.  tha 
atudy  goal  waa  changad  to  .ha  idantification  of  a habitual 
ifhguaga  Tha  auitibility  of  diffarant  nnodala  to  daacriba  tha 
habitual  languaga  n diacuaaad  and  tn#  moat  promiamg  modal  la 
aalactad  Poaaibla  maihodoiogy  to  ba  utad  to  tailor  tha  modal  to 
a particular  command  and  control  anvirorimarM  la  alto  diacuaaad 

DIG 


N72  l1T79»  Rome  Ai' Dtva‘oprrar*t  Can*ar  Gr-W'ia  AF8  NV 

automatic  speaker  recognition  systems 

Sruno  Saak.  Jamaa  G'ach.  and  Wiiiard  F Mtakar  iRCA 
Camdan.  N j)  /n  aOARD  Anificial  ir^ttHiganca  Sap  1971  7 
p rafa  (Sae  N72-in74  02'0Si 
Avail  NTlS  HC  SeOO.  MF  SO  96 

Two  ayatama.  with  vanationa.  for  apaa^ar  racognition  ara 
daacfibad  Tha  racognit'on  daeiaiona  art  mada  autornaticaiiy  from 
continuous  apaaeh  uncontrpiiad  aa  to  contaat  Ona  ayatam  uaaa 
primarily  pitch  and  apactrai  characta’ianci  obiamad  from  voicad 
tuuhda  Tha  othar  ayatam  ampioyt  automatic  apaaeh  racognition 
circuitry  to  attract  phon#maa  ao  that  tha  apactrai  characiariatict 
of  aach  phonama  typa  can  ba  tabuiatad  aaparataiy  Th# 
chfractariatic  manner  m wh<ch  individual  piionfrnat  ara 
pronouncfd  by  diffarar^t  apaakara  la  uaad  to  idtntify  or  diffarantiata 
batwaan  apaakara  Ratuita  obiamad  with  30  apaakara  art 
praatntad  Author 


N72'11190«  National  Raeaarch  Council  of  Canada  Ottawa 
(Ontario)  Control  Syitama  Ljd 

experiments  with  a heuristic  on  line  picture 

PROCESSING  LANGUAGE 

T Kaavand  frt  AGARO  Artificial  Intalliganca  Sap  1971  6 D 

iSaa  N72  11174  02-061 

Avail  NTI3  HCSeOO  MFS0  95 

A ahon  daacription  of  a haunatic  pictura  procaaaing 
laarnmg  and  racng^lllor^  tyttam  la  Outhnad  t(  il  ihown  that  it  la 
poaaibla  to  conatruct  a pattam  rocogr^ition  ayatam  which  13 
mdapandant  of  piciura  content  Tha  obiacta  >n  th«  picture  ar# 
fragmented  iif  ths/  are  comphcaiad)  deacriptioni  for  th#  fragmama 
lator.'f'  are  formed  and  normai-<ad  before  they  are  racognitad 
Th«  inter  ra' 'tionah. pa  batwaan  the  atoms  compoiing  an  object 
aro  atorad  v u'  g recognition  thaaa  mtar  raiationahipt  are  ufad 
<n  a procad'jra  raatmoimg  hypoiheaaa  testing  A timplifiarl 
vfraion  of  the  proposed  ayatam  was  programmed  and  gave 
edequaia  rasuUa  Au'.hC' 


N72-1 1181s  Comrr.ijnicitionfc  fleaeirch  Centre 
(Ontario) 

WEATHER  RADAR  IMAGE  PROCESSING 


Ottawa 
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A W Bride«wtt*r  //i  AGARD  AnificilMni*llig«nc«  S«p  1971 
13  p >tf«  ISm  N72-1  1174  02  081 
Avail  NTlS  HC  SeOO  'MF  80  96 

Th«  uM  It  taplortd  ol  compulti  imtgt-P'OCttting  lor 
Ittiurt  tilrtciion  in  PPl  dupltvt  ol  'tdtr  bicuctllt'  7ht 
picturi  It  Irtntformtd  or  procttttd  m Ofdt'  tc  fivttl  to  lUt 
nvmtn  tnglytt  ctntin  tiruclu'tl  pt'tmtttit  of  Iht  pttlt'nt 
which  t'd  not  dirtctly  teetttiWt  by  vitotl  intp«eiion  Onct 
idtntitiod.  thtM  ptrtrhtltrt  trt  aautcltd  tutomttictlly  tnd 
tummtry  tftlittict  of  pracipittnon  chtrtcttriinct  ctn  bt  built  up 
fo>  long  MQutnctt  ol  pictu'tt  In  Hit  tttrch  for  tuittdlt  ftttu'tt 
to  dttcribt  tnt  tittnutlion  phtnomtnt.  Iht  Iwo  dimtniiontl 
tuiocorrtittion  function  of  tht  imtgt  it  thown  to  bt  uttfut  It  it 
impItmtnttO  digittlly  utmg  tht  fttt  Founti  trtnifoim  tlgorithm 
tnd  It  rttoitt  in  rtittivtiy  rtgultf.  tmoothiy  contouitd  ttructuitt 
which  mdicttt  tvtrtgt  mtttu'tt  of  tliipticty  dirtctivily 
ptnodicity  tno  COrrtltt'On  ditltuCtt  of  tht  tCho  pttttrnt  OttI 
reduction  mtthodi  for  quintifying  and  tntrtciing  tnttt  fatturtt 
trt  dttcriptd  Author 


N72-1M82II  PIttItv  Co.  Ltd  Htvtnt  lEngnndl  Eltctronict 
Rttttrch  Ltb 

A practical  application  op  pattern  RECOGNITION 

C J W Mtton  tnd  0 E Morgan  In  AGARO  Artificiti 
inttlligtnca  Stp  1971  8p  rtf  iSia  N72- 1 1 1 74  02  081 
Avail  NTlS  MC  $800  Mf  8096 

A ttudy  wtl  mtdt  ol  tht  application  of  pttttm  rtcognition 
Itchnigutt.  Uting  ptrtitionmg  of  data  m n iptet.  to  tht  dtltcnon 
of  ptitonnal  who  may  bt  moving  at  a rate  compartbla  with  that 
of  a Cluttar-prOduCing  tnvironmtnt  Tht  Ctnaor  ornployad  wt*  • 
Ooppitr  radar  Ottaili  of  tht  procttiing  and  raauiti  t't  givt-i 
Paatibility  of  tht  ttchniqutt  il  damonilrattd  Agthor 


N72'ri183f  Tranioonation  Syttami  Cthitr  Camo'idgt  Meat 
AUTOMATIC  DETECTION  OP  VEHICLES  IN  AERIAL 
PHOTOQRAPHS  OP  HIGHWAYS 

Jurit  G Raudiapi  /n  AGARO  Amliciai  inttHiganct  Sap  1971 
8 p IStt  N72-  1174  02  081 
Avail  NTlS  HC  $6  00,  MF  10  96 

fha  problem  ol  lima  and  ti'on  involved  m the  data 
reduction  proctit  with  inlormalior  obtained  through  tt'itl 
phoiographa  of  highway!  n dean  wnn  An  app'Oach  to  euiomeiinj 
tht  data  reduction  proctit  it  datcriped  Ttchmouat  from  me 
fitida  of  ihiareciiva  compuier  grephict  end  automatic  peiiem 
itcognition  are  jtad  in  combination  to  reduce  the  amount  of 
human  effort  required  A computer  - controlled  flying  ■ apot 
ecanner  It  uttd  to  tcan  the  phoiographa  8v  meant  of  a 
graphici  tabiat  and  aiyiue.  a human  operator  taiacit  ground 
raferanca  pomii  dtimaaitt  road  poundanei  and  r-ay  mt't 
vahicitt  Tna  computer  etirapoiatat  the  iraiactoritt  ol  venicitt 
to  predict  tha.-r  potitiont  in  auccattiva  phoiographa  Their  praciee 
loeationt  are  then  determined  and  recorded  by  epolying  pattern 
recognition  trehniquet  matching  the  vehicle  imaget  u-  the 
currant  frame  agamel  their  recorded  imaget  m the  previout 
frame  of  photography  AuthO' 

N72  li194e  Purdue  univ  Lt'ayaite  md  School  of  Eiaclncai 
Engineering 

AUTOMATIC  MEOICAL  DIAGNOSIS  USING  NONPARAM 
METRIC  SEQUENTIAL  CLASSIFICATION  PROCEDURES 

K 5 Fu  and  M H LOOW  /n  AGARD  Arlilicial  Intalliaenca 
Sap  1971  9p  'ell  Se  S72- 1 ‘ I 74  02  08' 
iGrani  af  aFOSR  1 ,'76  69' 

Avail  NTlS  HCSeOO  MFSC9S 

Two  nonperemetric  teouentiei  ciatiificetion  procedural  e'e 
applied  to  medical  ditgnoni  probiema  Tna  procedural  include 
II)  tequentiai  ciattii'cation  uimg  nonparameiric  partition  and  i2l 
ttguentit!  cletf'iceiiO''  ujmg  ''onpa'an'et'-c  'e"iti"a  Spec-'*c 
retuiit  of  tome  reel-date  medical  Oiaonotii  are  preivntad  for  the 
O'Obleml  of  lapa'ating  pnmery  live'  -encer  from  primary  canct' 
of  the  pancreat  and  lo'  me  tepa'ation  of  tnote  from  normal 
cleat  The  maaturemanti  tfeaiureii  uted  are  biood  cntmiitry 
and  hematology  vaijet  innaiytii  A-ray  and  liver  teen  reauita 


and  ECG  end  EEC  analyin  Qataificationi  lor  the  training  data 
ware  determined  acco'Oing  to  the  panentt  molt  recant  diagnpin. 
either  by  biooly  at  aurgery  or  pathology  at  autoply  The  raauitt 
obtained  from  thaia  two  propoatd  proctduraa  art  compared  and 
their  corrtiponding  advaniagtt  tnd  dnadvanttgei  are  diKueaad 

Author 


N72’ll1S6t  Bunker- Remo  Corp  . Waatiaka  Village  Ceiif 
MXEO  AND  ADAPTIVE  ALGORITHMS  FOR  PATTERN 
RECOONITION  PROBLEMS  IN  THEORY  ANO  APPLICA- 
TION 

C M Sartona  and  F A MucL'er  (Manned  Syaiema  Sci . Inc)  In 
AGARO  Artificial  intaiiigance  Sap  1971  13  p rata  (See 

N72  1 1174  02-081 
Avail  NTlS  HCSeOO  MFS0  96 

Baaed  on  recant  Snviat  and  American  theoretical 
devaiopmantt  informaiion  n pretented  on  adaptive  and 
aeif-oiganiting  algonthmi  and  problami  m applicaiiona.  apecificaily 
in  multiple  toner  input  proceiting  and  voice  encoding  In 
addition  detailed  deacriptione  are  given  of  Soviet  work  in 
computer-aided  medical  diagnottict  AuthO' 

N72-1118B*  Carnegie- Mellon  Univ . Pittaburgh.  Pa  Dept  of 
Computer  Science 

COMPUTER  PROCEBSINO'OF  NATURAL  SCENES  SOh'E 
UNSOLVED  PROBLEMS 

Ugo  Montanari  ICNR  Piea.  Italy)  and  Rai  Reddy  In  AGARD 
Artiliciel  Intelligence  Sep  1971  S o raft  (Sea  N72-11174 
02-081 

(Contract  f44620  70-C  01071 
Avail  NTlS  HCS6  00  MFS0  95 

The  problem  i|  coniidiiad  ol  emending  the  pratent 
meinodi  uttd  m v.tuai  imige  pmceiemg  lo  mt  analylil  ol 
neturei  tcenet  Tn#  hmiienonj  ere  diicuited  ol  preientiy  uied 
techniquee  luch  at  edge  detection  ilgoninmi.  two-dimennonai 
Fourier  (ranilormi  end  linguntic  mtthodt  In  eddilion 
recoi.rimendeiionk  t'e  propoaed  lor  l-uiure  reiearch  m proceeeei 
which  tppet’  to  he  promiemg  0 L G 

N72-11187*  Contiglio  Ninonale  della  Rictrehe.  Rome  llialv) 
KINEMATIC  ASPECTS  OP  PROJECT  OP  UNCONVEN- 
TIONAL LOCOMOTION  VEHICLES 

T Leo  end  R Vitetl>  In  aGARO  Artificial  Inlelligence  Sep 
1971  10  p re'l  iSee  N721  1 1 74  02-081 

Aveii  NTlS  HCS8  00  MFS0  9S 

The  development  <e  reported  of  an  unconventional  locomotion 
vehicle,  cepeble  ol  moving  on  jOinted  lege  and  performing 
rectilinear  ditplecemente  on  an  horijontal  plane  Movement  it 
aulomeiice'iv  controlled  by  mpui  ngneie  but  ihe  degree  ol 
control  le  i,-nited  to  treneieiionei  epeed  The  problem  cone'dfred 
•nvo'vee  the  addii'Onel  development  ol  a titering  control  tytlam 
A theoretical  itudy  it  deicnped  >n  which  e heu'itliC  approech  to 
tha  probiam  It  takan  Tha  minimum  poiaiDia  nuniber  of  dtgraaa 
of  fraadom  are  utad  and  tiability  conditioni  of  vthicit  motion 
and  dinar  givan  cortl'tinit  on  locomouon  tra  ratpactad  In 
tddii'on  compitie  automation  of  fha  vthicit  n mamiainad 

0 LG 

N72  11198»  Aeroitl-Genarai  Corp  Ajult  Cahi 
RECOONI2INO  THREE  DIMENSIONAL  OBJECTS  BY  THEIR 
SILHOUETTES 

J Skiahtkv  end  G A Davnon  jr  m aGARO  Artificial 
mtaiiiganca  Sap  l97i  ii  p lalt  Piapa'ad  m cooparanon 
with  Calif  Univ  irvma  iSaa  N72- 1 1 1 74  02-081 
•Contract  F33ei5-69-C  '3141 
Avail  NTlS  HC$eOO  MF  $0  95 

A mi-hod  It  dele  u . ' *01  cieteifying  or  identifying  e 
ihrea  dimentionei  oPject  froni  una  o*  more  of  ite  eilhouettee  The 
method  ii  btiad  on  a low  com  pe-enel  machaniam  lor  cor.iputmg 
:ha  Iicse  da.-H't,  of  the  edge  cf  the  t.Ino  -atte  The  p-opeaad 
lachniqua  compulat  tha  tiope  dantiiy  by  a crcula'ly  nutatmg 
array  ol  pnoioda'Jcton  Fha  aiope  dentny  n than  paatad 
ihrough  a tai  o'  nanow-bend-paai  I'ltan  y eidi-r-g  ma  ount' 
haimonici  -hi  the  tiope  dantiiy  m order  to  take  account  cl 
varying  atoacl  anglii  o'  ma  original  obiect  'ha  obioct  it 
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by  • numb#r  of  prototyp^t.  ••Ch  protoiypp  b«ing  ■ 
vector  of  tho  fourior  hermonict  of  tb«  iiopo  donitty  Those 
prototyoee  eppeer  m e dectsion  tree  that  makts  the  fir^e> 
'tcognttiOf^  An  axpertme'^tel  mechin«  in^plemerttir^g  this  tochntoue 
<•  described,  and  the  retulti  obtained  w<th  the  mechir^a  for 
recogmiing  five  destes  of  aircraft  are  given  Author 


N72-111t9*  Texes  Univ  Austin  Dept  of  Ciectnce<  Engineering 
MOUCNTIAL  tTflUCTU<1C  AND  PARAMETER  ADAPTIVE 
PATTERN  RECOONITION.  PART  1 SUPSRVItEO 
LCARNfNO 

0 G Ljiniot;s  in  AGARD  Artificial  Intelligence  Sep  1971 
11  p refs  (See  N72-1 11  74  02-08) 

(Grants  A^  AfOSR-1  764-89.  AF.AFOSR-O7ea-67E| 

Avail  NTlS  HCSeOO/MF  80  96 

Recursive  filters  for  supervised  learning  Bayes-optimai 
adaptive  pattern  recognition  with  continuous  dale  are  derived 
Both  off-line  (or  prior  tO  OCtuSl  OPsrstiOn)  and  on-i.ne  (while  m 
Operation)  superviaed  learning  is  considered  The  concept  of 
structure  adaptation  n introduced  and  both  structure  as  well  as 
parametei  edeptive  optimal  pattern  recognition  systems  are 
obtained  Specifically,  for  the  class  of  auparv.sed  learning  pattern 
recognition  probieme  with  Gauatien  proceia  models  and  linear 
dynamica.  the  adaptive  pattern  recogritior^  syiiema  are  shown  to 
be  decomposfbie  mto  • imear  non-adeptive  pan  consisting  of 
• ecuraiva.  matched  Kaiman  Mtara.  S nonlinear  pert  contisimg  of 
e tat  of  probability  computara  that  incorporetat  tha  adaptive 
nature  of  tha  ayatem  and  Anally  a Imaer  part  of  the 
correiator-eatimator  forrn  Extantions  of  the  above  results  to  ths 
M-ery  hypothesis  cases,  where  M > or  » 2 are  g>van  Author 


N72‘11190x  Noah  American  Mockwaii  Corp  . Thousand  Oaks. 
Ceiif  Science  Canter 

8EMI  A0APTIVC  APPROACH  TQ  PATTERN  RECOGNITION 
John  M Richardaon  In  AGARO  Aaificsi  Intelligence  Sep 
1971  7p  refs  (See  N72-1 1 174  02-08) 

Avail  NTlS  HC86  00  MF80  95 

Two  kinds  0*  approaches  to  pattern  recognition  repra 
aanting  axtrame  limits  of  th#  adaptive-nonedaptiva  ana.  ere 
considered  These  include  (1)  the  edaotivt  approach  in  which 
the  prior  iniorrretion  it  compoaed  mainly  of  pre-ctassified 
training*  pettfrna  with  a very  lirriited  emount  c(  informetion 
deaig*w-d  into  the  system  and  (2)  the  nonadepu'-a  approach  m 
which  the  prior  information  it  composed  antiraly  of  information 
detigned  nto  the  system  Emphaais  <s  pieced  on  deriving  some 
•nierrr.edists  app'Oschfs  by  compi.nmg  varisus  aspects  cf  ths 
two  described  approaches  The  methodology  employed  >nvoives 
the  use  of  ma-.nematicai  models  of  pattern  ciaasta  to  which 
dtcision  theory  is  appiiad  Th#  models,  although  ttochestic.  ere 
peaieliy  indeterminate  m the  tense  that  some  of  the  probabihty 
oaramatera  art  not  compiataiy  known  In  tha  adaption  pheae 
both  6ayeiian  and  non-Bayaaian  techniques  urs  considarsd  for 
the  reduction  of  modal  indeterminacy  through  pre-deiaifitd 
aampltt  0 L G 

N72-11191S  Manufacture  Saiga  de  Lampee  at  de  Materiel 
(lectroniQue.  Bruaaeis  (Belgium) 

A GENERAL  ORDER  MINKOWSKI  METRIC  PATTERN 
CLASSIFIER 

Rierr#  A Oevi|ver  /n  AGARQ  Aaificisi  Intelligence  Sep  1971 
1 1 p refs  (See  N7^-1 1 174  02-09) 

Avail  NTI3  SdOO.  MF  $0  96 

One  genarei  caiagory  of  muiticieaa  determimatic  pettam 
recognition  eystemt  is  dafmad  by  a linear  atruciure  m the  input 
verifblaa  snn  an  analytical  criterion  Tnie  criterion  requirss  the 
mimmiietion  of  the  fverega  pth  power  of  one  Minkowski 
diitance  meaauie  '>f  order  p m one  pantcuisr  ritcision  space 
Aneiyticel  rsesoniog  indicates  that  the  criterion  yields  an 
Srror-correcti<ig  procedure  Ths  procedure  rasulti  in  a reduction 
cf  the  number  of  misclsssif'cstions  when  the  order  of  the 
criterion  metric  is  ■n'^ressed  This  festure  renders  the  criterion 


peaicuiahy  well  suited  to  nontaperebie  probieme  it  it  briefly 
merttioned  how  this  design  criterion  may  be  used  to  produce 
optimiied  decision  surfecaa  m the  aepe>ebla  two  claaa  case,  as  «t 
lerxds  to  maximiie  the  minimum  distance  f'om  each  claee  to  the 
decision  Surface  The  Beyeoen  dittribution-frea  cieaai*ier  eppaare 
ea  e ipeciei  case  of  the  general  cetegory  of  deseifiers  vefmed  by 
the  criterion  Author 


N72-11lS2a  Florida  Univ  . Gentaavilia  Center  for  Informaiice 

Research 

PREPROCESSING  FOR  PICTORIAL  PATTERN  RECOGNI- 
TION 

R H Gofer  and  J T Tou  In  AGARO  Aaificiai  Intelligence 
S«o  1971  13  p reft  (See  N72-1 1174  02-0B) 

(Cor^trect  N00014  68-4-0173-0001) 

Aveil  NTlS  HC  Seoo/MF  $0  86 

An  -ntegreted  preproceaemg  eytiem  la  praeemed  for  the 
purpose  of  line  extraction  This  system  conaiata  of  nx  ategea. 
each  pi  wh.ch  reducaa  an  abatreci.  ta  defined  Ima  network  of  a 
picture  to  a form  which  reprsaanta  the  physical  ime  structure 
more  meaningfully  or  effic>antiv  In  operation,  the  picture  la  first 
stripped  of  ail  apunous  objects  ana  holes  A connected  m#d«ei 
axis  IS  then  found  for  each  ohiaci  >n  order  to  reduce  the  line 
width  This  iS  followed  by  removal  of  ail  4-pomt  loops,  resulting 
everywhere  m sbstrect  llr^es  of  unit  thickness  Npise  prenchss  e 
natural  result  of  the  prior  processing  tachniq*  c then 

removed  For  greater  proceaimg  riexibii  '•a  abstract  ne 
structure  It  than  mseaed  mto  e lift  dat«  ucture  composed  of 
Ime.  junction  end  andpomt  antriaa  T)  ‘sauHing  atructure  la 
then  funhar  prpcesaad  m order  > im*'  a the  repraaentetion  of 
those  lunctioni  of  many  lines  1<  s nai  rspresentation  of  the 
picture  serves  ea  an  ordered,  higf  /ei  data  bate  upon  which 
fuaht'  pattern  eneiyats,  r^coc'’  procaeamg  mty  be 

cor^ducted  Author 


N72-11lS3a  Philips  Gioeilempenfebrieken  N V.  Emdhover' 
(Netherlands) 

A NAIVE  METHOD  FOR  MACHINE  RECOONITION  OF 
NANO  WRITTEN  NUMERALS 

M Seun  In  AGARD  Artificial  intaiiiganca  Sep  1971  10  p 

refe  (See  N72-1  1 174  02-06) 

Avail  NTI5  HCS6  0O  MF  $0  96 

A method  for  character  recognition  by  mechmea  n described 
The  cherecifr  to  be  recognuso  n scanned  to  obtam  a matrix  of 
black  and  white  dots  to  which  S thinnmg  proCflS  iS  then 
applied  This  proceis.  which  hss  built  m a precaution  not  to 
oeatroy  connectivity  produces  a skeleton  of  which  no  fuaher 
pom!  ken  bf  rfmoved  wt'hout  SMhsr  destroying  connectivity  Or 
eating  away  anc  pomia  Ftatu'es  as  end  pomtt  and  junctions  sr# 
now  rtadity  dstfctsd  end  ihfir  occurrence  tnd  reistivs  positions 
provide  the  bena  of  a rtcognition  schema  The  recognition 
scheme  le  so  made  up  that  rwore  and  fmar  recognition  criteria 
can  be  added  whan  naaded  without  basicelly  affecting  the 
recognition  poatibiiiiiea  already  ettemad  Moreover  as  mors 
experisnce  it  c^msd  ei  to  the  most  effective  cr>tsns  o 
completely  fresh  stea  often  produces  e new  recognition  sensmt 
that  IS  Simpler  end  more  powerful  than  its  predecesaora  Author 

N72-11194*  Samans  AG  Munich  (Wa»t  Germany) 
holographic  PATTERN  RECOGNITION  U$1N0  A 
MULTICHANNEL  CORRELATOR 

G Wmier  and  N Doukiiaa  /n  AGARD  Aailiciai  lnteM>ganca 
Sep  1671  12  p refs  Sponaorad  hv  BunJsamm  9ilduny 

uncJ  Wits  N72-1  1 1 74  02-00) 

Avail  NTlS  HCS6  0C  ViF  $0  95 

A multichannel  correlator  for  holographic  matched  filtering 
>s  deter. bed  The  chinr-eit  are  separated  spatiaMy  m the 
Fourier-p'sns  This  arrsngsmsnt  allows  individual  filters  tO  be 
reeiitfd  for  each  channel  for  different  spstisi  frequency  rsnges 
etc  The  muUichar'nei  correteto'  IS  ■ddresisd  by  s generator  of 
mun.p’e  object  waves  >e  by  different  diractiona  of  object 
illumination  PereUfi  end  cequei'tiai  evaiuetion  of  the  correlation 
tigneli  le  possible  The  efficiency  end  signsi-tn-noiie  rsiiO  for 
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Doth  modot  Of  OpOrttiOn  «r«  OitCutMO  In  tach  ch«nn«l  hnatr 
tuponmpoMd  multipit  Vandtr-LuQt  filtan  may  ba  mirov^uc^xS  to 
ir>cra«M  tha  ovarali  capacity  of  laaminp  ttapt  Tha  risk  of 
ovaranpooura  u vary  in^aii  ^causo  tha  cartara  of  tha  frapuancy 
apoctra  art  aaparaiad  on  tha  hologram  Mtar  piata  w<ih  a 
muitrchartnal  corralator  combmad  mstchad  ar\d  faatura  fritarmg 
may  ba  parformad  Praiimmary  aaparimar^tai  raauKa  show  that 
thit  mathod  can  ba  auccaaifuiiy  uaad  m toma  caaaa  vvhara  tha 
raauita  of  a«mpia  matchad  fiitaring  ramam  unaatiafactory  Tha 
raauita  and  diacuaaiona  ara  p'esantad  from  a mofa  ganarai  pomt 
of  viaw  with  toma  ramarka  co*  earning  comparabU  mathoda  and 
poaaibia  futgra  aapacta  Author 

N72*iiif6i  Fraunhofar-Gaaaiiichafi  tor  Poidarjng  dar 
Angawandtan  Porachgng  a V Karitrgha  (Watt  Carmany)  tnat 
fuar  Informationavararbaituhg 

OPTICAL  PATTERN  PROCEtS:NQ  FOR  RECOGNITION 
E Muahlanfaid  /n  AGARO  Artificial  intaiiiganca  Sap  1971 
7p  raf»  iSaa  N72-1 1 174  02-06) 

Avail  NTIS  SO  00  MF  SO  Ofi 

Optical  procatamg  n ditcuaiad  at  a utafui  tool  for 
compraacihg  caitarn  information  by  faatura  attraction  Topict 
diacutaad  mciuda  compretaion  of  patta'n  information,  racognition 
of  pattarn  vactora  and  paraiiai  procattmg  F 0 S 

N72*11196a  Oautacha  Forichunot*  und  Varauchaanttait  fuar 
Luft-  und  Raumfahrt.  Obarp^affanhofan  (Wait  Oarmany)  mat 
fuar  Sataliitanaiaktromk 

AN  :MA0€  processing  and  PATTERN  RECOGNITION 

6V6TEM  FOR  TIME  VARIANT  IMAGES  USING  TV 

CAMERAS  AND  A MATRIX  COMPUTER 

Ernst  E Trnndi  m AQARO  Artificial  Intaiiiganca  Sap  1971 

10  p (Saa  M72.11 174  02  0Si 

Avail  NTiS  MCSSOO  MFS09S 

An  artificial  visual  ayatam  it  diacutiad  with  daairabia 
Chtractaristict  Iimilar  to  thosa  of  a mammalian  vttuSi  ayatam 
Tha  ganarai  atrwctura  if  daacribad  and  mciudat.  aantora  camaraa 
vidao  roduct  on  and  ir.put  to  tha  matrix  procaasor  and  rnaatar 
computar  F 0 S 


N72‘11197a  Tachmicha  Hogaichooi  Oaift  (Nathariandil 
THE  STORAGE  OF  VIDEO  INFORMATION  IN  A MEMORY 
H H T VsnOarMaar  in  AGARO  Artificial  Intaiiiganca  Sap 
1971  7p  raf -,-5a  N72-1  1 174  02-08) 

Aval'  NTlS  MC  SeOO.  MF  S0  95 

Tha  basic  prmcipicw  of  tn#  vidao-to-digitai  co^varttr  for 
a'O'iga  of  vidao  information  with  imall  mamory  ayiiama  art 
praiantad  A compotita  vidao  aignai  ganaratad  by  tha  TV  camara 
It  conaidarad  to  ba  mada  up  of  • brightnaia  and  a lYnchromiation 
•ipnai  Tha  output  of  tha  convartar  conaittt  of  the  brightntat  <n  # 
binary  form  which  i«  tranafarrad  to  tha  cora  n^amory  of  a POP  9 
I computar  Information  raduction  and  ccmprataon  limit  th# 

i numbar  of  mamory  piacat  raquirad  for  itoraga  of  TV  imagat 

1 F 0 S 


I N72-1119S«  Univariity  CoH  . London  (England)  Qapt  of 

j Physica 

I CflLULAR  LOGIC  AND  ITS  SIONIFICANCE  IN  PATT<an 

AECOONITION 

I W J 8 DuH  In  AGARO  Artificiil  Intaihgsnc*  Snp  1971  13 

p N72  1 1 174  02'OSl 

Aviii  NTIS  HC$e00MF$0  96 

Tht  u4«  pi  cvHulfr  logic  in  ihf  •oiulion  rl  partin  ifcognition 
oroO'arnt  i9  difcuttad  Two  Citataf  of  eaiij-ar  tog-v  «"ay9  wr'e 
j mvaatigatad  fo'  patiam  prfprocatamg  c^ata  connata  of 

I variabia  fui^ction  arraya  with  naaraai  naignpor  connfctior*  and 

I ih^  othar  dapanda  on  awiiching  circutt  imkad  by  diodai  F Q $ 


N72-11199#  Vandaibiii  Univ  Naahviiia  Tann 
A MAN-MACHINE  APPROACH  TOWARD  SOLVING 
VARIOUS  ROUTING.  SCHEDULING.  AND  NETWORK 
PROSIEMS 


Pa. nek  Kroiak.  Wayna  Faitt.  and  Jimaa  M Nation  M AQARO 
Antftciai  intaiiiganca  Sap  I97i  12  p rafa  (Saa  N72*iii74 
02-0S) 

iGrar^t  NSF  GK-4975) 

Avail  NTtS  HCSSOO  MFS0  96 

A myn-machin#  approach  is  praaantsd  /or  solving  probiama 
of  tha  following  tyoaa  travaimg  aalaaman.  ganaraiiiad  truck 
dispatching  board  wiring  and  conatruction  of  minimum  coat 
COmmurMCatiOn  natworka  With  survival  O'  rfdunoa>^CY  damands 
Tha  truck  dispatching  probiam  It  conaidarad  in  dataii.  and  th« 
mah-machma  procaaa.  data  orgartiiation.  computar  hauria.ics 
and  tha  mtaractiva  phaaa  ara  diicuiaad  F 0 S 


N72-11200«  Sail  Aarospaca  Co  Buffalo  NV 
PROCESSING  AND  DISPLAY  OF  TIME  VAPYINO 
SPECTRAL  INFORMATION  WITH  APf’LlCATlON  TO 
SONAR.  VOICE,  AND  MEDICAL  SIGNALS 
Lavtar  A Garhardt  M AQARO  Artific-ai  irtaihganca  Sap 
197'  12  p ^afa  Praparad  m cooparauon  wirn  Ranaa%iaar 

Poiytftrr^  mat  (Saa  N72-1 1 1 74  02-06) 

(Contract  AF  49(636)- 1627) 

Avail  NVS  HCS6  00  Mr  SC  95 

Tha  rc'praaantation  of  a nonatstionarv  ngnai  by  a tim# 
vsryir^g  tpscv'sl  diiplay  ITVSO)  it  dalcriba(f  Mathodt  of  ganyratmg 
tha  information  utad  m a T^'SO  ara  ditcuaiad.  with  amphaiii  on 
or^.ima  raal  tirr\9  tachniquts  Savarai  mathoda  of  diapiayng  this 
•nfo'mition  ara  nraiantad  including  computar  and  talaviiion 
ganaratad  imagaa  Gariarai  axamptea  of  procatamg  tna  tima 
varying  apacuai  dau^  ara  givan  with  raapaci  to  pariodic  and 
apt'iodic  Signal  taatur^a  Tha  application!  of  tha  TVSO  ara  ai«o 
praaantad  Saiactad  raivarch  m tha  fiaidi  of  Sonar.  Voica  and 
MaO'cai  aighai  procaaamt  la  diacuatao  Tna  uaafuinaaa  of  th# 
TVSO  It  damohftratad  tv  axampiaa  uamg  tha  lofargram 
voikaprint  and  DhonocardiOQ'am  m aach  of  thaaa  (hraa  fiaidi 
raapact'valy  Author 


N72-11201a  Ganarai  Eiactnc  Co.  r^yracuia.  NY 
SIGNAL  ANALYSIS  AND  ClASSI^’ICATION  6Y  INTERAC- 
TIVE COMPUTER  graphics 

A W Wh.tnay  and  W E Biaadaii  in  AQaRD  Artificai 
Intaiiiganca  Sap  1971  10  p rafa  iSaa  N72- ■ 1 1 74  02-08j 

(Contract  F30e02-e9-C  0227; 

Avail  NTIS  HCSSOO  MFS0  95 

Many  atpfcia  of  signal  anaiyt'a  and  ciataii  canon  art  DnaHy 
diacuiaad  and  tachniguai  ar#  givan  for  ampioyin^i  an  mtaractiva 
computar  graphics  fso'ity  to  otsign  aignai  ciasufiCE'iion  tyittma 
Tha  iignal  cit9tif<cat>on  propiyma  acdraaiad  ara  ci>a  actariiad  by 
th#  fact  that  th#  ciaiaification  information  p'oiant  m *na  tignaia 
mutt  Of  axiractad  from  a l>miiad  nurnbtr  of  idantifiad  a..'7nalt 

Aulhs.' 


N72-11202*  Roma  Air  Oavsiopmani  Cantar.  Qriffiai  AFB  N v 
ON  THE  DESIGN  OF  WAVEFORM  CLASSIFICATION 
SYSTEMS  BY  INTERACTIVE  MAN-MACHINE  METflODS 

H € Wabb  Jr  and  D H Folsy  In  AGARO  Artificial 
m aiiiganca  Sap  1971  19  p ryfi  iSaa  N72-1  1 1V4  02  081 

Avail  NTIS  HCSeOO  MFS0  95 

A wavaform  orocaiaing  ayatam  n propoaaci  for  faatura 
axl'acior  daiign  Thy  ad  img  ifsr»*forfr.*t»on  biil'C  furijt.on 
aapaniior^  digital  filtering  ynd  'ocel  'aaiura  Cparaiion  ara 
daacribad  An  on-hna  pattern  snalylia  arid  racognii.on  avttarr  •• 
aiao  ducustad  ea  a raaaarcn  tool  for  aiding  anaiyit*  in  daaigrnr^g 
daaaification  log.c  Autho' 


1 


ii 

4 


N72-11203*  iniarnpiionai  Compuiera  Ltd  Kidagro.a  lEngiandt  '] 

NEW  TECHNIQUES  IN  INTERACTIVE  GRAPHIC  CONSOLE  ^ 

OE6IGN  FACILITATING  THE  PRESENTATION  AND  ^ 

manipulation  of  complex  data 

G Hughaa  in  AGARD  Artificial  mtaiiigar>ca  Sap  19Vi  9 o * 

*afa  ^Saa  N72-1  1 1 74  02  OSi 

Avail  NTiS  HCSeOO  MFS0  96  . 

Ar  axparirr'entti  meihod  by  which  the  iach>'.iqua»  of  1 

mtaraciiva  Ima  graphica  rnay  ba  axtandao  to  my  hyndimg  of  i 
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QiCtorfti  ditl  !•  dftcrit>#d  Thit  invoivct  • comdin^iion  oi  o ntwv 
9C*f\  converter  with  conventional  digital  incrarn#ntftl 
cofnpotationai  tachniguM  Indication!  ara  niada  ai  to  now  tha 
niathod  inay  Oa  applied  to  pattern  recognition  and  v<auti  artifioai 
irtaiiiganea  o'o&iai^!  and  the  manner  <n  whicn  tna  ayitam  may 
be  enhanced  to  cater  for  color  picture!  la  outlined  in  addition  to 
the  aoova  anhancamant!  to  cater  for  picture  manipulation  an 
enurnaration  of  th<«  problem!  m diipley  praaantation  of  pictorial 
data  in  an  intaractiva  tarmmai  and  a potaritiai  mathod  o< 
anhancament  ••  0^#%  daacribed  Author 


N72-1 1204a  Compagnia  Ganaraia  da  Teiagraphia  aana 
^ana  (Franca) 

OIQITAL  FILTEAINQ  PROCCDUHES  EOft  A UNC  IMAQE 
(PPOCEOES  OE  FILTRAQE  DIQITAL  DUNE  IMAOE  OE 
UONESI 

j C Simon  and  A Checroun  /n  AGARQ  Artificial  intaiiiganca 
Sap  1971  14  0 raft  m FRENCH  ^NGuSh  lummar,  iSaa 

N72-1  M74  02  061 
Avail  NTiS  HCS6  00  MFS0  9S 

Tl:a  u!a  of  cornputfri  to  anatyta  data  which  modifiaa  th# 
usual  rapraaantation  concapti  are  diacuaied  Th#  following 
conttremti  introduced  by  computer!  are  engiytad  digititetion 
memory  fixa  end  algorithmic  traatrnanti  An  eoeptation  of  the 
conventionei  filtering  procet!#!  of  en  imege  lead!  to  diQiiei 
filter!,  which  #re  we>'  iuited  to  arithmetic  computetion  Yhete 
prmcipiee  are  applied  to  the  op  imei  ttorege  of  an  image  to  the 
reduction  of  information  vQlum#  and  to  the  first  level  features 
axtractione  The  PPl  radar  information  is  procattad  by  theie 
mathoda  Th#  aim  ii  to  raduca  th#  avaiiab'a  information  to  a faw 
apacific  faaturaa  that  will  deacriba  a radar  situation  HiH  ndgaa 
are  Such  feature!  They  are  automatically  aitractad  and 
rapraaantfd  by  iinaa  which  ara  than  codad  ar>d  stored  Author 


N72-11206*  Kerlaruhe  Univ  (Weat  Garmenyi  Inat  for  inform 
and  Tranimifaion 

GENERATION  OF  LINE  DRAWINGS  FROM  GREY  SCALE 
PICTURES 

f Holdarmann  and  H Raimiarctak  /n  AGARO  Artifia* 
ir^tiMiganca  Sep  I97i  Up  refa  (Sae  N72-1 1 i 74  02-001 
Avan  NTiS  HCSSOC  MF$095 

The  problem  of  detecting  boundenea  of  obiacta  m gray 
scale  picturai  is  studied  An  object  ii  defi<'ed  ee  e reg,on  with  e 
raasonable  uniform  distribution  of  intensities  Th'se  method!  are 
preeented  end  th#  retuita  of  their  eppiicetione  tc  eome  ereei 
photos  are  discussed  The  detected  boundaries  ere  given  by 
differential  imt  elements  which  ere  described  m •ech  picture 
point  by  e direction  cherecteruing  the  orientation  of  the 
bO'jndsry  fnij  (jy  0 weight  rhererteriimg  the  amount  Qf 
gradient  of  the  intensity  distribution  A filtering  and  e contour 
tracing  algorithm  besfd  on  ine  direction  end  weight  information 
of  the  boundaries  e'e  briefly  discussed  Author 


N/2-11206s  Technics:  Univ  of  Denmark,  Lyngby  Eiactronics 
lab 

PATTERN  RECOGNITION  USING  DYNAMIC  PICTORIAL 
INFORMATION 

Patar  W decker  end  Knud  A Nielson  In  AGARO  ArtifiCiil 
intalligenca  $so  1971  6p  rofs  (See  N72*  1 1 ^ 74  02-081 
Avail  NTIS  HC  S6  00  MF  so  96 

Probiam  solving  wdh  man-machma  mtaracuon  was 
considered  for  pattern  recognition  using  both  static  end  dynemic 
information  Topics  discussad  include  racogmtion  of  handpnntad 
digits,  recognition  logic  dynam  c attnbutas.  end  9tenc  ettributee 
I*  It  concluded  that  the  use  of  dvr^amic  pictonei  information 
simplifies  recogn;tion  of  picture  patterns  F 0 S 

N72-21211s  Advisory  Group  for  Aerospace  Research  ano 
Oevelopmeot  Paris  (France) 

COMPUTERS  'N  THE  GUIDANCE  AND  CONTROL  OF 
AEROSPACE  VEHICLES 

C T Leondas  ed  (CeM  Univ  Los  Angeles)  Feb  1972  266  p 

rets 


(AGAROograph-ISE  AGARO  AG  158)  Avail  NTIS 

Tha  utilisation  of  computar  lechrKMogy  m aarospace  systems 
if  examined  m detail  Thrae  major  areas  art  considered.  il) 
system  design  technipues.  (2)  systems  herdware  techniques,  and 
O)  guiderKa  and  control  computer  systems  applications  For 
individual  titles,  see  N72  21212  through  N72-21227 


N72  2l212jH  North  American  Rockwell  Corp  . Aneheim  Calif 
OVERVIEW  OF  AEROSPACE  VEHICU  COMPUTER 
Applications 

Gordon  H Smith  In  AGARO  Computers  in  the  GuKiance  and 
Control  of  Aerospace  Vehicles  Feb  1972  p 17  (See 
N72  2121)  12  08) 

Avail  NTtS 

A brief  hisiortcal  treatment  is  presented  of  the  application  of 
digital  computing  techniques  to  aerospace  systems  The 
technological  devatopmantt  m both  hardware  %n6  system 
application  are  suryimamed  and  the  impact  of  new  technologies 
IS  discussed  P>'oblems  which  have  developed  in  applying  digital 
computers  in  real  time  control  systems  are  identified  alorig  with 
successful  solutions  to  those  problems  Author 


N72-21213I  Iniernetional  Busir^ess  Machines  Corp.  Owego. 
N Y Eiectionics  Systems  Center 

FEDERATED  VS  INTEGRATED  COMPUTER  SYSTEMS 
Jamas  H Crer\shaw  /n  AGARD  Computers  in  the  Guidance 
ar>d  Control  of  Aerospace  Vehicle^  Feb  1972  p 9 22  refs 
(See  N72-212M  12  08) 

Averi  NTIS 

The  computer  system  organixatiuns  utilised  m current 
aerospace  systems  ar>d  design  considerations  for  developmeoial 
systems  are  reviewed  The  advar>tages  and  disadvantages  ol  the 
federated  and  integrated  approaches  a'e  analyzed  and  the 
system  dependent  variables  which  must  be  considered  by  the 
designer  are  diacussed  to  emphasize  the  real  world  situation 
Features  such  as  vulnerability  to  battle  damage  ary)  graceful 
degradation  are  considered  along  with  the  queuing  theory 
waiting  time,  and  loading  factor  A'Ahor 


N72-21214I  Teledyne  Systems  Co.  Northndge  Ceiil 
GUIDANCE  AND  CONTROL  COMPUTER  SYSTEM  DESIGN 
EsH  Ksn*er  In  AGARO  Corr.puiers  m the  Guidance  ar*d  Control 
of  Aerospace  Vehicles  Feb  1972  p 2J  43  (S«.e  N72-21211 
12  08) 

Avail  NTIS 

The  subject  of  logical  organization  of  typical  aerospace 
computers  is  considered  from  the  standpoint  of  integrated  circuit 
technofugy  end  lu«!  ieuuirfcm-»nl&  r,r»t  a pro^ycsed  circui* 

technology  amenable  to  e flexible  rr-.echanization  of  modern 
architecivre  >s  presented  Ihen.  two  general  classes  of  computer 
systems  design  are  discussed,  utilizing  this  circuit  technology 
Tr>e  two  general  classes  are  represente<.1  by  a special  purpose 
guidance  and  control  computer  arid  a general  purpo.^e  :ompuier 
programmable  for  a guidance  and  control  applicairon  Author 


N72-21210#  North  American  Rockwell  (2orp , Downey.  Cehf 
REAL  TIME  PROGRAMS  FOR  AEROSPACE  VEHICLES 
ViclOf  Strar>d  and  L J Andrews  (IBM  Corp.  Humcvitle  Ala)  In 
AGARO  Computers  in  the  guidance  and  control  of  Aerospace 
VeT-cler  Feb  1972  p 46  56  (See  N72  2 1 2 1 1 1 2 OD 
Avei  NTIS 

An  Overview  is  presented  of  the  devrloprrKmtal  and 
l•ch^ic«■l  considerations  associated  with  the  genershu.  and 
checko>jt  of  computer  programs  for  real  time  control  of  acrusoace 
vehicles  Technical  topics  include  a discussion  of  executive 
pru^naiiis.  piugiaih  ^<uwth.  progr^tn  modularity  fixed  vs  f1i.'atir.g 
po.nt  arithmetic,  higher  order  languages,  etc  The  software 
p.-oiimmary  end  baseline  designs.  documentalK -i  venficalnn. 
validaliun.  models  monitors  and  pregram  maoegement  a-e 
discussed  as  they  affect  (he  production  and  ,;heckO‘jt  of  real 
tirr.e  aerospace  software  A brief  dissertation  on  future  efforts 
arvd  considerations  is  also  presented  Author 
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N72'21216f  SnQti'ljtKMcopc.  GMndtl*.  Calif 
PRCKINAMMIMG  CHARACTERISTICS  OF  FUTURE  O AND 
C COMPUTERS 

Austin  J Msnsr  /n  ACARD  Computtri  in  th«  Guid^nc*  and 
Control  Of  Aoroapace  Vahclat  Fa^  1972  p 57  63  mH  (Sm 
N72  21211  12  06) 

Avail  NT1S 

Tha  typaa  of  difficuttiaa  ancounterad  m davalopioQ  ar>d 
maintainino  airboma  computar  programa  ara  raviawad  Tbaaa 
induda  protlams  ancountarad  m iha  initial  davaloprnant  of  t^la 
tyata'P  program  and  iha  aignificant  changaa  to  tha  onginal 
program  baaad  on  laboratory  and  Right  taata  of  tba  ovar-ail 
tyttam  By  aaaimila(ir>g  raaulta  of  pravioua  ayttam  davalopmartt 
aiparianca  and  pradiciing  tha  rraoda  in  airtK>rr>a  computar 
Kardwara  davalopmant.  characta'«i»ca  ara  propoaad  for  futura 
iifboma  Guidanca  arxl  Control  computara  Tha  propoaad  corrvputar 
charactariatics  would  mimmtra  sioniucant  programrmno 
ddhcultiaa  whila  rataming  daurabla  hardwara  faaturaa  (a  g . 
protactad  mamory.  amall  aiia.  ate  ) Tha  fariuraa  covarad  irKluda 
lar>gih  iradaoffs.  typa  of  arrthmatic.  addratamg  tachniquaa. 
»4^pfogram  ItniLagaa.  ate  . and  m aummary  rapraaant  a furtctionai 
•pacification  for  a claaa  of  futt*ra  airboma  computara  uair>g  MSI 
or  l$l  tachniques  Finally,  iha  tper-rfic  charactarittict  ara  praaantad 
of  an  airborr>a  compute'  dasigrtad  to  maat  (hasa  fur>ct«onal 
»pa“if»cat»oot  Author 


N72'21217||l  Intarnational  6utinaar>  Machir^aa  Corp . Owago. 
N Y Elactronica  Syatami  (antar 

ACROtPACC  COMPUTER  WORD  LENGTH  CONtICCRA 
TION8 

G.  W Braudaway  ar>d  C J.  StartOish  In  AGARO  Computara  m 
tha  Guidanca  ar>d  Control  of  Aarospaca  Vehiclat  Fab  1972 
p 6S-71  rafalSaa  N72-21211  12  08) 

Avail  NTIS 

A numbar  of  data  word  and  matruction  format  factora  ara 
daaenbad  v/hich  mutt  ba  considarad  whan  talacting  tha  lar>gth(ai 
of  ir«ftructK>na  arxj  data  words  to  be  implamamad  «n  an 
aaroapaca  computar  Tha  primary  amphasis  it  on  aalaction  of 
data  word  and  inttr«jction  langths  undar  (ha  constraint  that  data 
and  irmtroclion  ier>gths  ara  compatibla  This  rs.  tha  data-word 
lar>gth  rs  an  mtagrai  multipla  of  tha  matruction  word  lartgth  This 
irr>plamaniai*on  is  appropnata  whan  data  ar>d  mstructiona  ara  to 
ba  storad  in  (ha  sama  araa  of  mamory  In  a taction  davotad  to 
atoraga  affKiarKy.  tha  affacts  on  implamantation  of  ramovir>g 
th«  compatibiirTy  corntrami  ara  axammad  Exampias  drawn  from 
avionic  navigation  computations  ara  usad  to  illuatrala  tha 
pramiM  that  vanabfa  word  langth  anthmaiic  can  ba  utad  to 
produca  numaric  rasuhs  aquivalant  to  those  produced  by  uniform 
word  langth  arithmaiic  while  reducing  storage  raQuiramantt 
substantially  Additional  storage  savings  cun  result  trorr  use  of 
variabla  lar>gth  irrstruction  formats  The  need  is  damonstratad  *ur 
continued  davalopmant  of  programming  techniques  lor  i>:iiuing 
variable  word  length  anthmatic  and  instruction  formats 
afficiantlY  Author 


N72-2121B|^  Sparry  Rand  Corp,  St  Paul,  Mmn  Unrvac  Oiv 
AEROSPACE  COMPUTER  MEMORY  TECMNIQUEB 
J R Erhardt.  K L Pearson,  W S Makoa.  and  E J Torok  M 
AGARO  Computers  in  the  Guidance  and  Control  of  Aarospaca 
Vaiiiclas  Fab  1972  p 73-82  refs  (Sea  N72  2121 1 12-08) 
Avail  NTIS 

Currant  avtonics  and  aerospace  memory  tachrHXogy  are 
dascribod,  ar>d  the  techniques  available  m todays  production 
systems  as  wall  as  those  soon  likely  to  be  in  prcxlucfion  are 
raviawad  Three  maH>r  categories  are  discussed  magnetic 
memories,  semiconductor  memories  and  mass  memory 
applications  of  plated  wire,  and  ihm  film  and  domain  wall 
propagation  larhniQMas  Author 


N72-2121B/|f  Teladyna  Systems  Co.  Nonhridge  Calif 
AEROSPACE  COMPUTER  INPUT  OUTPUT  TECHNIQUES 


P K HamfT>04»d  and  W T Palmar  tn  AGARO  Computers  m tha 
Guidanca  aivj  Control  of  Aarospaca  Vehicles  Fab  1972 
p 83-91  ISm  N72-21211  12  08) 

AvaU  NTIS 

Tha  dotign  philoaophy  applied  to  tha  mtarfaemr  alamants  of 
an  aaroapaca  computar  is  discussed  m (arms  of  aatablishir>g  tha 
overall  partormarKa.  raiiabiliiv.  maintainabtiity.  and  cost  of  the 
ayttam  Most  of  the  key  functional  requirements  which  should  ba 
coriiderad  m the  design  phase  of  interfacing  agu()mant  are 
rawawad  Author 


N72-21220#  Bandix  Corp.  Tatarboro.  NJ  Navigation  ar>d 
Control  Oiv 

fAUlT  ISOLATION  IN  A DIGITAL  GUIDANCE  AND 
CONTROL  COMPUTER 

David  H Blauvalt  /n  AGARO  Computers  m the  Guidance  ar>d 
Control  of  Aerospace  Vehiclas  Fab  1972  p 93-98  fSaa 
N72-2121 1 12  08) 

Avail  N11S 

Tha  poasibility  la  axamir\«d  of  a gar^ral  purpoaa  digital 
consular  b#ir>g  abla  to  realiaa  an  optimum  fault  laolattoo 
capability  m a guioanca  and  control  application  It  la  shown  that 
if  proper  anantion  rt  given  to  the  fcrKtional  panitK>nir>g  of  tha 
computer,  seif-taat  and  self-diagr>oatic  programa  can  be  wnttan 
which  will  datdfmir>a  that  fauha  have  occurred  and  will  isolata 
them  to  tha  raplacaabla  card  level.  It  n also  damor^trated  that 
tNa  can  be  accomplished  with  virtually  no  additional  Right 
hardware  ar>d  a raUtivaly  simple  test  consols  which  allovvs 
maintenance  parsonr^a)  to  communicate  with  tha  computar  in 
question  Author 


N72'2l221f|l  Hughes  Aircraft  Co . Culver  Dty.  Calif  Aaroapaca 
Group 

GUIDANCE  AND  CONTROL  COMPUTER  ACTUATED 
DISPLAY  SYSTEM  TECHNIQUES 

G.  K Slocum.  J W Gunvordahl,  M Weihrauch.  and  J W 
Weber  /n  AGARO  Computers  in  the  Guidance  and  Control  of 
Aaroapaca  Vehicles  Fab  1972  p 99-115  ref  fSaa 
N72  21211  12  08) 

Avail  NTIS 

Tha  airborne  computer  la  discussed  m its  relationship  to  tha 
chaplay  systams  it  drives.  ar>d  to  the  pan  that  tha  craw  ptays  in 
tha  mar^agemant  and  control  procatsai  These  relationships  ara 
consrdered  for  current  and  naar-tarm  tactical  aircraft  tystamt 
with  an  outlook  to  the  posaibilities  for  tha  futura  Author 


N72-21222#  Taldix  Luft1ahn-Ausruastur>gs  GmbH.  Haidefberg 
IWaal  Germany) 

SYSTEMS  TASKS  FOR  ADVANCED  AIRCRAFT  NAVIGA- 
TION SYSTEMS 

F G Unger  and  R $ Sindlmgar  /o  AGARO  Computers  in  the 
Guidance  arnf  Control  of  Aerospace  Vehicles  Feb  1972 
p 117-130  refs  (Sea  N72  2121 1 12-08) 

Avail  NTIS 

Corwaniional  navigation  aystams  are  described  and  compared 
with  advanced  systams  propoaad  for  (nilitary  aircraft  with 
inaliumantation  that  would  include  an  martial  platform,  a 
Doppler  radar,  means  for  position  fixing,  and  back  up  davicas 
Such  as  air  data  units,  magnetic  compasses,  vie  The  additional 
taaka  that  would  then  be  required  of  the  navigation  computar 
arvf  data  processing  equipment  ara  summari2ad  Posaibla  hardware 
•dm ions  are  outlmad  and  approaches  to  davalopir>g  optimal 
aquipmaru  configurations  are  examined  K I G 


N72-21223/))  Taledyne  Systems  Co.  Nonhndga.  Calil 
HEUCOPTER  GUIDANCE  AND  CONTROL  COMPUTER 
SYSTEMS 

Lawrence  A Kaufman  In  AGARD  Computers  in  (he  Guidance 
and  Control  of  Aerospace  Vehicles  Fab  1972  p 131-155 
fSea  N72  2121 1 12-08) 

Avail  NTIS 

Tha  use  of  central  dig:tal  cnmpulert  for  halicoptar  aviomc 
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•yttam  functiona  « auminad  and  it  la  ahown  how  lha  uaa  of 
auch  tachniqiiaa  haa  avotv^  aa  a conaaquanca  of  tha  aoplication 
of  haficoptata  m incraaaingty  moia  complai  (Oiaaiona  fint  of 
thaaa  naw  halicopiaf  digital  ayttama  (o  ba  davalooad.  tha  U S 
Marina  Corpa  Intagratad  Halicaptof  Avionic  Syatam  (IHAS).  • 
daacfihad  in  tarmt  of  tha  concaptual  daaign  approachaa  uaad 
Tha  ayatam  aynthaaaa  problama  which  ara  axpahancad  uaing 
AgM  computation  tachniguaa  ara  analyzad  Futura  tranda  for 
tha  toplication  of  camral  digital  compuiara  for  bolli  halicoptora 
arat  VTOL  aircraft  ara  indicatad  Author 


N72-21224#  Utton  Syatama.  Inc.  Woodtand  Haia.  Calif 
Gutdanca  and  Control  Syatama  Dm 

INTIORATCO  INERTIAL  DOPPLER  LORAN  COMPUTER 
GUIDANCE  AND  CONTROL 

Robart  G Barfiald  and  William  O Faltman  In  AGARO 
Computara  in  tha  Guidance  and  Control  of  Aeroapaca  Vahiclaa 
1972  p 167-174  (Saa  N72-2I211  12-08) 

Avail  NT1S 

Tha  navipation/guidanca  computer  roquiramantt  for  a typical, 
intagratad  inartial-Oopplar-loran  machaniiation  ara  outlinad.  arvl 
tha  lachniquas  era  daacnbad  for  generating  an  efficiant  arid 
accurate  operational  program.  Author 


N72-21226||I  ITT  Avionica.  Nutley.  N J 

COMPUTERS  FOR  LORAN  C/O  AND  OMEGA  NAVIGATION 
AND  GUIDANCE  SYSTEMS 

Jamaa  P VanEttan  and  Gerald  P Zamlin  In  AGARO  Compuiara 
in  tha  GuidarKO  Control  of  Aeroapaca  Vahiclaa  Fab.  1972 
p 176-228  rafa  (Sea  N72-2121  1 12  081 
Avad:  NT1S 

^ aynopaa  la  given  of  gaomatry  fundamantala  pertinent  to 
poaition-accuracv  aaaeaamant.  tha  fundamerrialt  of  both  the 
lorar  C/0  end  Omega  syatemi  (irvtluding  technical  aommanaa  of 
low-fraquancy  and  very-low-fiaquancy  piopagationl.  and  the 
ganaral  effect  a of  vahicia  dynamca  on  ayatem  implamantalion. 
Tha  applicalion  of  the  modern  airborne  digital  computer  to  radio 
navigation  aignal  proceaaing  laaU  auch  aa  aignal  acquiaition  and 
aignal  tracking  n daacnbed  for  both  loian  C/0  and  Omega,  uamg 
advanced  radio  navigation  aanaor  deaign  approachaa  aa  a baeia 
Tha  more  common  application  of  compuiara  to  tha  taak  of 
convaiting  from  hyperbolic  radio  coordinatea  to  geographic 
coordinataa  of  latitude  and  longitude,  and  from  thaaa  to  UTM 
northing  and  eaaiing.  la  treated,  and  tha  problama  entailed  in 
correcting  ihaaa  geographic  coordinataa  for  variations  in  raifio 
propagation  are  also  addrsuad  Simplified  techniquea  for 
application  of  hyperbolic  radio  navigation  rlata  to  guidarKa 
functiona  are  diacuaaad  Finally,  the  implication*'  of  loren  C/O 
and  Omega  proceaaing  tasks  toward  eatabliahmeni  of  afficiant 
architecture  for  airborne  computers,  are  diacuaaed.  a.nd  short 
lablas  of  rfasned  instructions  iisied  iri  order  of  iniporta.ice  are 
praaantad  Author 

N72-2122SI  TRW  Systems  Group.  Redondo  Beach.  Calif 
Guidanca  and  Navigation  Lab 

COMPUTERS  FOR  SATELLITE  BASED  NAVIGATION  AND 
GUIDANCE  SYSTEMS 

T L Rodr^tk  and  T I Fine  In  AGARO  Computers  in  the 
Guidance  and  Control  of  Aerospace  Vehicles  Feb  1972 
p 229-246  refs  ISee  N72-2 121  1 12-08) 

Avail  NTIS 


N72-21227||i  liitamational  Buamasa  Machines  Corp.  Owago. 
K Y.  Electronics  Syatama  Canter 

COMPUTERS  FOR  THE  GUIDANCE  AND  CONTROL  OF 
TACTICAL  AIRCRAFT 

W.  J Bemhart  In  AGARO  Computer!  in  the  CuidaiK:a  and 
Control  of  Aerospace  Vehicles  Fab  1972  p 247-268  (Sea 
N72  21211  12  08) 

Avail  NTIS 

Tha  navigational  and  guidance  function  provided  a typical 
tactical  application  by  utiliiation  of  a digital  computer 
machaniaation  a.  analysed  A brief  description  is  grvan  of  the 
mathorts  utiluao  lO  accomplish  those  functions  and  tha  aansora 
utiliaed  in  rfisplaying  pilot  information  and  system  cooTiguration. 
Tha  capabilitiaa  afforded  the  tactical  vehicle  by  using  digKal 
riovicas  for  compulation  of  navigational  and  guidance  algitrithms 
are  aummanaad  Author 


N72-22168||f  Advrsory  Group  for  Aerospace  Research  and 
Oavalopmenl.  Pans  (Franca) 

IMAGE  STORAGE  AND  TRAN8MISSIDN  SYSTEMS  FOR 
THE  DISSEMINATION  QF  INFORMATION 

Fab  1972  44  p refs  Coni  Proc  Presented  at  Joint  Maetiitg. 
Oak).  9 Sap  1971 
(AGAflO-CP  921  Avail  NTIS 

Arfvanced  systems  of  data  processing  are  presented  whicn 
involve  the  storage,  retrieval,  transmission,  and  reproduction  of 
alphanumeric  and  pictorial  data  Emphasis  is  placed  on  techniques 
of  image  conversion  and  display  processes  utilizing  microhims 
For  individual  titles,  see  N72-22169  through  N72-22179. 


N72-22169||f  MassscKuscr.t  Inst  of  Tech  . Cambridge  Electronic 
Systems  Lab 

AN  EXPERIMENTAL  TEXT-ACCESS  SYSTEM 

Donc<d  R Knudson  In  AGARO  Image  Storage  and  Transmraaion 
Systems  for  the  Dissemination  of  Inform  Feb  1972  9 p 'eN 

S^ntoied  m part  by  NSF  (See  N72-22168  13-08) 

Avail  NTIS 

A tYStem  IS  described  which  was  designed  to  provide 
remote  access  to  90.000  pages  o'  microfilm  slorage  It  ts  part  ol 
a computer-ohemad  model  liprary  lor  conducting  user  esperimenta 
with  two  typea  ol  library  latiieval.  one  provirles  access  to  ilia 
computer- stored  catalog  data  lor  a group  of  selected  documents 
end  the  second  provides  access  to  the  microfilmed  ted  ol  those 
drxumentt  The  tsd-sccess  system  automatically  retnevat.  acans. 
and  transmits  requested  pages  to  remote  display  tarmintit 
utilizing  a wideband  transmission  network  The  current  system 
employs  two  types  of  'mage-storage  devices  a direct-view 
storage  lube  end  a photographic  camera.  The  microfilm  imagea 
are  acanned  by  a flying-spot  scanner,  and  the  scan-line  density 
snd  swesp  rates  are  varied  to  accommodate  the  limitations 
imposed  by  the  dilferent  display  terminals  A single  coaxial  cable 
path  lin<ia  the  terminals  to  each  other  snd  to  the  central 
scannrng  station  Video  signals  are  preceded  by  encoded  digital 
messages  containing  a terminal  address  arid  commands  for 
controlling  leimmsl  functions  A combined  catalog/text  terminal 
was  developed  which  displays  either  the  digitally-encoded  catalog 
data  or  the  text  video  signal  on  the  same  csthode-rsy  lube  The 
text  display  electronics  were  added  to  a commercially  available 
computer  terminal  utilizing  a storage-lube  display  to  prtzvide 
access  to  both  catalog  and  text  from  a single  terminal  Author 


I 


Th«  contiderattoos  mvoWad  m Ml«cting  a computar  tor  an 
atrbom«  navigation  aaiaMita  uaar  are  axamir>ad  The  software  la 
deacribad  which  will  be  used  by  nevigatron  satellite  csers  arKl 
which  determines  the  users  computer  requirements  The 
riavtgahon  aaietlite  systerna  whicti  are  treated,  are  rar>giog  or 
rang#  difforanemg  systams  <n  which  the  user  is  passive  (does  rmt 
transmit  to  the  satallrte)  The  software  is  uesenbed  in  modular 
fathron  to  illustrate  how  a variety  of  user  needs  can  be  saidfied 
by  different  combmahons  of  the  same  modular  compooenti  A 
daacriptioo  of  the  Kalman  filter  design  conaideratK)na  for  a 
combtr^  navigation  satellMe/mertial  system  it  included  which 
shows  how  computer  speed  and  memory  requirements  depernl 
upon  the  filter  state  vector  sue  Author 


N72-22170/^  Internationals  Ookumentationtgesellachah  f<jar 
Chemie  m b H . Frankfurt  am  Mam  (West  Germany) 

COMPUTER  AIDED  INPUT  OF  GRAPHIC  INFORMATION 
BY  KCYBOARDINO  UNDER  VISUAL  CONTROL  OF 
DISPLAY  AS  APPLIED  TO  CHEMICAL  STRUCTURES 
HenS'Stefan  Neuben  /n  ACARD  Image  Storage  and  Transrmesten 
Systams  for  the  Dissemination  of  Inform  Feb  1972  6 p (See 

N72-22168  13  08} 

Avail  NTf$ 

A maihod  is  described,  using  computer  supported  keyboards 
wfth  graphic  displays,  fo'  processing  and  storing  ttruclural 
forrv'ulae  of  chemical  co.ripounds  By  keyboarding  the  formula 
tha  graphic  information  i } stored  and  the  figure  appears  on  the 


158 
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9Cre«n  wh«re  it  can  be  varifiad  viauaHy  and  if  nacMaary  tha 
mput  can  be  corrected.  The  proposed  computer  oonAguration 
altowa  the  aimultaneoot  input  from  1 6 terminal!.  Author 


N72-22171||f  National  Phyaical  lab..  Teddington  ^Er>9land) 
Information  Syatema  Brarv:h 
PACKCT  SWITCHINQ  NETWORK 

D L A.  Barber  In  AGARO  Imape  Storage  end  Tranam«aion 
Syatema  for  the  Diaaemination  of  Inform  Feb  1972  12  p 

refa  ISee  N72-22168  13  06) 

Avail  NTIS 

High  speed  ttore-ar>d-forward  packet -switching  techmquee 
are  proposed  as  an  alternative  to  the  use  of  the  public  telephorM 
r>etwbrk  by  remote  access  computing  SYStema.  The  type  of  traffic 
gertarated  when  computer  systems  react  with  human  beings  arwl 
wjth  jecb  other  is  examined,  arid  rt  is  shown  why  the  use  of  the 
telephone  network  has  drawbacks  Packet-switching  ts 
demonstrated  to  be  more  eppropoate  lor  handling  such  traffic, 
and  some  existing  and  protected  packet-switching  schemes  are 
described  The  effect  these  schemes  may  have  on  the 
developrr>ent  of  future  computing  systems  is  considered,  both  in 
reaped  of  computer  and  terminal  development  Author 


N72-22172#  Philco-Ford  Corp  . Willowgrove.  Pa 
PHOTOTRANSMISSION  AND  VIDEO  STORAGE 
Richard  Schaphorst  M AGARO  Image  Storage  and  Trar\amisaton 
Syttams  for  the  Dissemination  of  Inform  Feb  1972  12  p 

refa  ISee  N72  22168  13  08) 

Avail  NTIS 

Four  advanced  digital  visual  communication  systems  for 
t'snsmiTting  animated  television,  single  frame  televiaion.  and 
facaimile  are  desenbed  in  detail  The  utilization  of  a video  dtac 
recorder  for  efficient  atorage  of  television  images  la  d«cusaed  m 
application  to  the  single  frame  TV  system  The  Oigrtel  System 
designed  for  transmission  over  widebend  circuits  at  40  million 
bits/secoTKl  provides  high  quality,  fully  animated  color  television 
service  The  frame  to-frame  Delta  coding  system  operates  at  16 
million  bits/second  for  digital  transmission  over  conveniione!  5 
MHz  video  circuits  The  Vidicoder  System  stores  TV  pictures  on 
a video  disc  recorder  end  provides  for  trie  digital  transmission  of 
a TV  frame  from  one  storage  device  to  another  up  to  1 million 
bita/second  The  Fastfax  is  a lecaimite  equipment  which  digitally 
lra«ismria  black/white  end  grey  scale  photographs  over  any 
communication  channel  up  to  SO  miUion  bits/second  The  four 
■vatamt  employ  different  picture  coding  and  data  compretaion 
techniques  DlGlTEl  employs  two  bit  Oifferentiel  PCM.  the 
Frame-to-Frame  Delta  System  transmits  bngntness  changes 
relative  to  e stored  reference  picture:  tha  VIDICODER  utilizes  run 
length  coding  and  bit  plane  coding,  and  the  FASTFAX  equipment 
employs  run  length  coding  and  taro  order  mtarpolation  processing 
The  relative  performance  and  compression  factors  of  these 
coding  techniques  are  analyzed  Author 


N72-22173#  British  Overseas  Airways  Corp  , London  (England! 
PLANNING  AND  DEVELOPMENT  OF  COMPUTER  OUTPUT 
ON  MICROFILM  FOR  A COMMERCIAL  APPUCATION 
8 S.  Harris  In  AGARD  Image  Storage  end  Trensmission 
Systems  for  the  Dissemination  of  inform  Feb  1972  8 p (See 

N72  22168  13  08! 

Avail  NTIS 

The  computer/communicatiorks  structure  in  e well-dispersed 
international  organization  are  outlined,  eryj  a specihe  axamination 
IS  made  of  the  computer  output  to  microfilm  technique  The 
equipment  used  is  described,  principles  of  operation  axamned. 
en<l  current  end  future  applications  discussed  Author 

N73-24201X  Advisory  G'Ojp  fvr  dOrf 

Oevelopmont  Pans  tFrance! 

GOVERNMENTAL  ASSISTANCE  FOR  TECHNICAL  INFOR 
MATION  IN  INDUSTRY  AND  SIMPLE  MECHANIZATION 
FOR  SMALL  INFORMATION  CENTRES 


Mar  1973  99  p refs  in  ENGLiSn  partly  m FRENCH  Presented 
at  the  25th  Meehhg  of  the  AGARO  Tech  Inform  Panel.  Ar^kara. 
23  24  Oct  1972 

(AGARD-CP-n?)  Avail  NTIS  HC  $7  00 

The  initiation  and  grawth  of  small  data  centers  and  the 
problems  of  'ranging  them  are  summarized  Various  forms  and 
teveis  of  informatiQit  transfer  to  industry,  from  analysis  and 
dissemmation  of  sumr.tary  reviews  through  v s>ts  to  industry  by 
technical  information  liaison  personnel  to  larger  scaie  nation  wide 
dtasemtnsiion  to  all  interested  firms  are  discussed  For  individual 
tfiMs.  see  N73-24202  through  N73  24212 

N73-24202  Advisory  Group  for  Aerospace  Research  and 
Development.  Paris  (France) 

INTRODUCTORY  PAPERS:  THE  PRESENT  STATE  OF 

INFORMATION  ACTIVITIES  IN  TURKEY  AND  FUTURE 
TRENDS 

Kismai  Burian  (Scientific  aryl  Technical  Research  Council  of 
Turkey!  tn  its  Covernmentat  Assistance  for  Tech  Inform  in 
lf>d  and  Simple  Mechanization  for  Small  Infoirr  Centres  Mar 
1973  4 p (For  availability  see  N73-24201  1 5 08) 

The  slate  of  the  art  of  Turkey  s information  activities,  as 
related  to  facihoe:*  and  organizations  of  existing  systems,  are 
reported  Data  c ;;.'0  given  on  TuROOKs  role  m designing  a 
national  inform;  u<  :*ansfer  system  or  network  of  systems  to 
promote  more  eHec.ivn  and  efficient  execution  of  the  national 
system  E H W 

N73-242C3  SACLANT  ASW  Research  Center  La  Spez-a  (Italy) 

ESTABLISHING  SMALL  INFORMATION  CENTRES  IN 
INDUSTRY 

vohn  P Beiheli  In  AGARO  Governmental  Assistance  for  Tech 
Inform  in  Ind  and  Simple  Mechanizatiori  for  Small  Inform  Centres 
Mar  1973  7 p refs  (For  availabiliiy  see  N73  24201  15-08) 

The  function  of  a small  information  center  m mediating 
between  its  community  anJ  the  wider  information  network  is 
explained,  using  the  analogy  of  small  mcd'cai  centers  The 
diHerences  between  the  inlorn.aiion  requirerDeots  of  industry  and 
those  of  science  are  empnasized  and  the  desirability  of  clearly 
evaluating  an  industry  S need  for  intormdlior>  before  establishing 
an  information  center  is  indicated  Some  of  the  specific  duties 
of  an  industrial  mfomnatior)  center  are  described  and  it  is  stressed 
that  these  can  now  be  most  eHi;iently  performed  by  requiring 
that  the  sen'or  staff  of  the  center  have  a broad  education  in 
mf.":.  mation  and  its  applications  It  is  recommended  that  the 
artiiuoc  of  the  centers  staff  and  its  organizational  and  physical 
location  should  be  such  as  to  maximize  the  center  s orientation 
towards  itv  users  Manaoement  is  wampri  that  some  time  mutt 
fitpsf  bffore  tn  information  center  Jecomee  fully  effective 

Author 

N73-^4^i>4  Royal  ^..icreh  Establishment  Farnborough  (England) 
LIBRARY  ANC  INFORMATION  SERVICES  AT  THE  ROYAL 
aircraft  establishment  some  problems  and 

THEIR  PRESENT  SOLUTIONS 

R C Wright  m AGARO  Governmental  Assistance  for  Tech 
inform  in  Ind  and  Simple  Mechanization  fur  Smell  Inform  Centres 
Mar  1973  17  p tFor  availability  see  N73-24201  15‘08) 

Methods  used  to  provide  libra-'y  end  information  services 
(more  pedicuiariy  information  from  books  and  journals!  m a large 
research  establishment  (the  services  themselves  being  described 
m the  Appendix)  err  outlined  Problems  encountered  irt  such  an 
endeavor  and  present  loiuhons  to  some  of  them  ar#  ditcussad 

Author 


I 


N73-2420B  Ministry  of  Education  ar.d  Sciences-Oocuments..ui  t 

Depenmant.  The  Hague  (Netherlands^  1 

TRAINING  OF  PERSONNEL  TO  MAN  THE  VARIOUS  PARTS  ' 

OF  AN  INFORMATION  CENTRE  AND  TO  OPERATE  ^ 

VARIOUS  kinds  OF  SERVICE  \ 

W F DsReg:  !r  AGARD  Qovemmenta'  AsfS’ence  fo'  Tech  1 

Inform  in  Ind  and  Simpi#  Mechanization  fo*  Smill  inform  Centrea  | 

Mar  1972  ^ p (For  avaiiebilily  see  N73-24201  16-09) 

The  problem*  -nr  pr.mery  aims  of  training  parsonnai  or  staff  ] 

for  an  inform'  tntsr  are  outlined  EdLCStiOnel  obifctives 


&Im.. 


08  COMPUTERS 


•rt  formulattd  by  which  th«  lum  total  of  attitudai.  knowiadga. 
and  akiMaacquirad  by  auch  paraonnat  ara  dafmad  Thata  objactivaa 
ara  alao  uaad  to  davalop  a auitabla  curriculum  Author 

N7S-3420#  Aoma  Air  Davalopmant  Cantar.  Griffita  AFB.  H Y 
MICAOPOAMS;  AAESENT  ECONOMICS  AND  PUTUAt  USE 
Frad  S.  Dyar  M AGAAO  Govarnmantal  Aaaittanca  for  Tach 
Inform  m ind  and  Simpta  Machamtanon  for  Small  Inform  Cantraa 
Mar  1973  6 p rafa  (For  availability  aaa  N73-24201  16-08) 

Baaic  microforma  arid  thair  mtagration  with  machma 
procaaaing  to  achieva  highly  varaatiia  informatior>  ayatama  ara 
anaiytad  Coata  and  futura  uta  of  rha  mtagratad  ayatam  ara 
alao  diacuaaad  Author 

N73-24207  Zaniraiateiie  fuar  Maschmalla  Ookurrantation  (ZMD). 
Frankfurt  IWaat  Garmany) 

PROBLEMS  OF  DATA  RECOAOINQ  ANO  DATA  INTER 
CHANGE 

Ruadigar  Earnhardt  In  AGARD  Govarnmantal  Assittanca  for 
Tach  Inform  m Ind  and  Simpla  Machanuation  for  Small  Inform 
Cantrat  Mar  1973  6 p raft  (For  availability  saa  N73-24201 

15-08) 

Different  data  racording  machines  »nH  tor'??  o* 

charactara  are  outlmad  NacattHiaa  and  potsibihtiet  of  structuring 
data  ara  pomtad  out  Mathodt  of  chackmg  and  c'^aning  incorract 
data  ara  alto  mei^tionad  One  of  tha  pu^sibiiitiat  of  raducmg 
tha  coitt  of  data  procassing  is  tha  utiliiation  of  data  intarchanga 
Raquiramantt  concarnmg  hardware  and  aoftV'Sra  for  using 
intarchanga  formats  ara  axplamad  Author 

NT3.24206  Advisory  Group  for  Aarospaca  Rasaarch  and 
Davalopmant.  Paris  (Franca) 

INPUT  SYSTEMS  ANO  RESEARCH  FOR  SMALL  DOCUMEN- 
TARY CENTETS  (8YSTEMCS  0 ENTREE8  ET  01  RECHEA- 
CHES  POUR  C'ES  CENTRES  OOCUMENTAIRES  OE  PAIBLC 
Oj  MCVENNf.  IMPORTANCE] 

J Kiopp  (wEO'JCAR.  Paris)  In  in  Govarnmantal  Astittaoca  for 
Tach  inforr.,  m Ind  and  Simple  Mechanization  for  Small  Inform 
Cantraa  Mar  1973  24  p rafa  in  FRENCH  iFor  avaiiabiMy 

aaa  N73-24201  15-08) 

Operating  principles  and  typai  of  data  raaaarch  canters  are 
diacuaaad  Oats  cover  input  ayatama.  research  format,  data  atoraga. 
automatic  and  mechanical  raaaarch.  and  ayatam  classification 

TransI  by  E H W 

N73-24209  Oafance  Scientific  Intnrmotion  Service,  Ollewe 
lOnleno) 

PRCIENTING  a OeVELOPMENT  PLAN  FOR  APPROVAL 
A C Jonee  In  AGARO  Govemmentel  Aetiitince  for  Tech 
Inform,  in  Ind.  anc  Simple  Mechanization  for  Small  inform  Cer-traa 
Mar  1973  5 p raft  iFor  availabiliiy  aaa  N73  24201  IS  OS) 

Tha  i.T.pac!  o!  vanoji  cvavJ  of  prejen'in-  p'opoea't  'o' 

creating  and  developing  a new  information  facility  on  higher 
managamant  are  raviav^ad  Soma  of  the  Jitficuitiaa  of  aattbiithing 
and  praaaniing  user  needs  are  aKpiorad.  and  an  analogy  it  oHarad 
on  turvaying  of  commodity  marketing  and  aaltamanahip  Careful 
tailoring  was  made  to  tha  proposal  to  suit  the  managamant 
functions  and  fac:iitate  evaluation  Suggatdons  are  made  on 
obiaciiva  facility  development  and  proposal  merits  Author 

N73-24210  Oafance  Research  Information  Centra.  Orpington 
(England) 

TAILORED  ABSTRACTS  ANO  TECHNICAL  DIGESTS  A 
SERVICE  FOR  INDUSTRY 

S C Schuler  In  AGARD  Governmental  Assistance  for  Tech 
Inform  mind  and  Simple  Machsnijation  for  Small  Inform  Centres 
Mar  1973  9 p rafa  (For  avaiiabn-ry  tea  N73-24201  15-08) 

Three  information  larvicaa  are  da^critfad.  each  aiming  to 
giva  a degree  of  taiactivity  m crda'  to  reduce  the  total  amount 
of  malarial  a usar  must  scan  m ordtr  to  nbtam  th#  information 
of  uaa  to  him  Tha  aarvicai  are  iS)  tha  lEE  Tailored  Abstracts 
(TABs)  which  provide  aact«ona  of  tha  comprahansiva  lEE  Abstracts 
journals  as  aapaista  bullatmi.  (b)  R and  D Report  Announcamanta 
laausd  by  the  u<  DTl-TRC  to  giva  ta'SCtiva  subject  coverage  >n 
four  aaparata  buHatina  derived  from  the  comprehensive  R and  0 
Abatracts  journal,  and  (c)  tha  OTI  Tachlmk  asrvica  which 
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prov:daa  or  a-paga  laafiatt  daacribing  new  matanaia.  proctaaea. 
taohmquaa.  sic . to  individuala  who  hava  aipraaaad  an  intaraat 
m tha  aubjac  covarad  Tha  production  and  diatribuiion  of  Tachlmka 
ar#  daacribac  m detail  ai  the  ayatam  can  ba  uaad  for  tha 
dtaaammation  sf  varioui  typaa  of  information  Author 

N 73-24211  National  Raaaarch  Council  of  Canada.  Ottawa 
iCntario; 

INFORMATION  EXTENSION  SERVICES  FOR  INDUSTRY 
Garard  Kirouac  h AGARO  Govarnmantal  Aasiatsnca  for  Tach 
Inform  in  lr\d  and  5 mpla  Machanization  for  Small  Inform.  Cantraa 
Mar  1973  4 p («‘or  availability  aaa  N73-24201  15-08) 

A bnaf  daaci«p'ion  la  givan  of  tha  aiparianca  of  tha 
Tachmcal  Information  Sarvica  of  the  NRCC  Data  amphaaiza  the 
vital  pari  of  tha  liaison  angmaar  ir>  tranafarnng  tachnplogicai 
information  to  r.mail  aod  medium  scale  industry  through  three 
aeciiont  of  this  service  tha  equity  and  answer  divinoo.  the 
mduitnai  anginaanng  gro  jp  and  (ha  tochnoiogicsi  davalopmant 
program  Improvements  fo'  tha  benefit  of  countries  mieraaiad  n 
this  approach  ara  suggestoi  Author 

N73-24212*  National  Aeronautics  and  Space  Admimsiration 
.Amt;  MsttC'ch  Cc^itcr  Mc-Si!  F:5!d  C*''f 
THE  development  AND  UEE  OF  A MODERN  DATA  BANK 
Dudley  G McConnell  In  AGAFD  Governmental  Assistanca  for 
Tech  Inform  m Ind  and  Simple  f^achamzation  for  Small  Inform 
Canties  Mar  1973  8 p iFor  availability  saa  N73-24201 

15  OB) 

CSCl  09B 

The  modern  data  bank  ampha&Kas  iir.i-.^ediaia  access  by  a 
osar  community  which  may  be  large  m number,  widespread, 
and  having  varied  needs  Electronic  conpetera  have  bean  found 
vary  useful  in  the  processing  of  sio*ao  info.manon  Tha  key  to 
the  design  of  a data  bank  is  me  optimum  r.'it  of  human  iniaiiectuai 
effort  and  mechanized  proceatirig  The  t'ementa  of  iha  NASA 
data  bank  ara  praaenied  as  one  approach  ,o  me  many  traoa-on 
dacistona  involved  m the  davalopmant  ci  a data  b'nk  and 
integrated  intormalion  system  Author 

M.4  16925»  Advisory  Group  for  Ac'ospaco  Research  and 
Development  Pans  iFrance) 

NEW  DEVELOPMENTS  IN  STORAGE.  RETI'lEVAL  AND 
DISSEMINATION  OF  AEROSPACE  INFORMAT. ON 

Dec  1973  107  p rels  Presented  at  26th  Meeting  ol  the 

AGARO  Tech  Inform  Panel  London  2 3 Oct  1973 
(AGARD  CP  136)  Avan  NTlS  HC  S8  50 

The  stale  of  the  an  m computerized  processing  of  avrosoace 
information  is  examined  emphasizing  mechanization  develop 
ments  with  both  large  and  mmirornputers  and  in  reofoqraohics 
For  individual  titles  sec  N74  16926  through  N74  16939 

N74  16926  Kingston  Upon  Hull  City  ' Libraries  Hvjll  lEnqlanci) 
A COMPUTER  PRODUCED  KEYWORD  INDEXING  SYSTEM 
FOR  TECHNICAL  REPORTS  IN  THE  LIBRARY  OF  THE 
AIRCRAFT  RESEARCH  ASSOCIATION  LIMITED 

Chiisiopher  Barnen  ir.  AGARO  New  Develop  m Storage 
Retrieval  and  Dissemination  of  Aerospace  ln!f) m Oec  1973 
7 p refs  tFor  availati'ii'.v  see  N74  16925  08  08- 

A computer  produced  catalogij'fuj  anrl  subjev  i inde«mg  svsten-. 
fo'  report  material  acituired  bv  the  ARA  hb'arv  is  desc'it>ed 
Keywonf  listings  with  indexes  under  authors  and  oriqiriators 
refeiences  are  used  to  produce  a monthly  arr.ess'or*  lisi  and 
monthly  and  annual  cumulating  catalogues  The  keywords  are 
supplied  rnanuaiiy  usmy  a specially  coi'sifucied  thesaurus 

Aulho' 

N74  16927  Defence  Scientific  Info'rriJi'On  S*'.vr  e Otiawa 
lOritariO)  Pror;CsMrig  and  Publistimg  O'V 
A MINI  COMPUTER  BASED  INFORMATION  SYSTEM 
R A Mclvor  »’'»  AGAHO  New  Develop  m StO'^ur  Remcvai 
and  Dissemination  o*  Aerospace  inform  *'5 '3  7 p ‘Tu- 

ava.iabiliiy  see  N74  16926  OB  C3i 

An  auiomaled  '''fv'matioii  svsterr'*  i$  dr?‘.c riper*,  liaserf  ori 
two  mu.:ro'^*,uters  one  ol  whicfi  is  used  fo-  data  inpui  and 
lh<»  oioer  fo«  'namlaining  iho  maste*  files  O'-d  p cducr-.g  catalogue 
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cards.  COM  cartridges.  KWOC  ir.dexes  indexed  document  digests, 
and  SOI  notices  This  oroduclion  is  more  economical  than  an 
earlier  system  using  a larger  computer  Author 


N74  >6928  Eu  ropean  Space  Research  O.-yanization.  Pans 
(France! 

AEROSPACE  !NFORMATION  SERVICES:  PROGRESS  WITH 
THE  ESRO  ELOO  COMPUTERUEO  INFORMATION  NET 
WORK 

NEC  isoita  AGARD  Nei^i  Develop  m Storage  Retrieval 
arnl  Oisserriinaiioo  of  Aerospace  Inform  Dec  19?3  16  p 

refs  (For  availability  see  N74  16925  08  08) 

The  space  documentation  service  is  a lomt  organization  of 
ESRO  and  ELOO  Oescrib-.'^d  is  the  preserit  Sysiem  in  operation, 
the  files  available  and  proposed  and  probable  short  term 
developments  wuhm  the  next  year  and  the  possible  future  The 
present  network  is  regarded  as  the  forerunner  of  a completely 
distributed  network  with  auxiliary  ar^d  main  nodes  at  strategic 
centers  having  a number  of  different  minicomputer  possibilities 

G G 

N 74-16923  Office  for  Scieriilic  and  Technical  Inloimalion 
London  (England) 

THE  ROLE  OF  OSTI  IfJ  INFORMATION  RESEARCH  AND 
DEVELOPMENT 

John  Gray  In  AGARO  New  Develop  m Storage  Retrieval  and 
Dissemination  of  Aerospace  Inform  Dec  1973  3 p ifor 

availability  see  N74  16925  08  08i 

The  contribution  of  OSTr  to  m*ormat:on  research  and 
development  m the  CK  over  8 . 2 years  of  existence  *s  assessed 
It  IS  divided  into  four  mam  sections  - mechanized  information 
systems  information  analysis  centers,  and  general  research  and 
management  researcfi  (including  lih'aiv  aolomaiion*  in  each 
scci.cn  or.  aiicmpi  .s  made  to  Sijt’rirria;.*e  tl’fc  .'iian'i  wl 

stimulating  and  supoortmg  research  and  the  principles  that 
guide  support  A concluding  section  deals  Iw.efiy  with  suooori 
of  research  ai  Ashb  ano  with  the  reviews  of  lesearch  m seiccted 
fields  that  OSTi  has  recently  launched  Author 


FfT4  16930  Association  of  Special  Libraries  and  Information 
Burpnux  London  lEngland- 

CURRENT  ASLIB  RESEARCH  ON  MECHANISM 

6 C Vickery  //’  AGARO  New  Develop  in  Sicrage  Retrieval 
and  Dissemination  of  Aerospace  inform  Oec  U»73  2 p refs 
(For  availability  see  N74  16925  08  08i 

An  overview  is  given  of  the  range  of  mectiamzaiion  siuiLes 
being  earned  out  to  explo'».*  the  possibility  of  p.-ooucmr,  aerospace 
science  abstracts  by  comp-.tei  Apart  from  statisi-cai  cofT';yutai'ons 
computerized  simv;.’'jn  of  clerical  processing  if'  nbrdr.es  is 
studied  The  use  of  machine  readable  ret  oMs  <o  wene.'ai#-  am 
index  lor  optical  searching  and  data  process*  -g  »s  ofi-phas>/e<l 

G G 

N74  16931  Tra  nsociaies  Ltd  Lo'~oon  lEnglordi 

EDUCATION  ANO  TECHNICAL  TRAINING  FOR  TECHNICAL 
INFORMATION 

Fell*  Lisbesny  In  AOAHO  New  Develop  in  Siofaiie  Remvvsi 
and  Oissemmaiif'.  of  Aeiovpace  Inloirn  Dec  19  73  3 p .eli, 

(Foi  avaiiab.i  ,v  see  N74  16926  08  08' 

The  educational  and  naminu  facilities  m the  Unued  Kinudom 
fo-  scientific  and  techmeat  inloimaiion  workeis  j.-.d  iiUianans 
oie  outlined  v.ilh  lelerence  to  the  vanous  levels  ul  p.-olessional 
attainment  The  need  lot  the  traiti'ig  of  teaches  m these 
disciplines  is  stressed  and  some  mention  is  made  of  lo.-ecast 
studies  -n  Supply  and  demanil  of  inlptmaiion  vvotkeis  III  the 
Uniied  Kingdom  and  the  OECD  countries  Author 


N74  16932  C reaier  Londorr  C'^uncrl  C.igland- 

MICROFILM  ANO  REPROGRAPHIC  SYSTEM;-  A STATE 
OF  THE  ART  REVIEW 


Thomas  J Morgan  In  AGARO  New  Develop  m Siorage  Remevai 
and  Dissemiriatior.  cf  Aerospace  IrWorm  Dec  i973  5 (>  iFor 

avaiiabil'iy  see  N74  16925  00  08t 

A review  of  the  reprographic  eq-ripment  and  systems  is 
presented  that  covers  pholocomposing  systems  cornpuier  oulpul 
mjcrclilming  m-croform  retrieval  and  d splay  sysierns  photo 
copiers  and  offset  iitho  d*  piicatmg  Auihof 


N74  16933  Ad  visory  Group  for  Aerospace  Research  and 
Development.  Pans  (France! 

REMOTE  TRANSMISSION  ANO  AUTOMATED  RETRIEVAL 
TECHNIQUES 

R Barren  (Hatfield  Polytechnic  Englaric;  /rr  ifs  New  Develop 
in  Storage.  Retrieval  arid  Dissemination  of  Aerospace  Inform 
Dec  1973  7 p (For  avaiiabtiny  see  N74  16925  08  08i 

Actual  developments  which  have  taken  place  in  the  field  of 
automatic  retrieval  and  remote  display  of  full  text  mformaiion 
held  in  microform  stores  and  prospects  for  future  developments 
ate  discussed  A feasibility  study  of  remote  access  systems 
considers  (1)  information  bank  and  storage  medium,  including 
the  selector  mechanism.  I2»  terminal  equipment  including 
lechmcal  and  user  acceptability  aspects  (3)  transmission  system 
and  (4i  overall  systeni  economics  Although  the  pnmarv  interest 
•n  this  study  ■$  library  automation,  the  techniques  considered 
are  equally  applicable  (o  other  automatic  retrieval  and  remote 
display  fields  Aulho' 


N74- 16934  Naval  Weapons  Lab  Dahlgr«n  Va  TechniLai 
Informahon  Div 

RETRIEVAL  OF  MICROFICHE  RANDOM  ACCESS 
Cathryn  C Lyon  In  AGARD  New  Develop  «n  Steage.  Retrieval 
and  Dissemination  of  Aerospace  Inform  Dec  1973  7 p <Fof 

avarlabiMv  see  N74  16925  00  08) 

Three  Sizes  of  microfiche  retrieval  systems  are  discussed 
small  medium  and  large  that  give  random  access  to  microfiche 
and  film  chips  There  are  olher  random  systems  but  they  are 
usually  set  up  for  retrieval  of  microfilm  This  paper  describes 
these  systems  and  suggests  mdeung  methods  and  index  format 
for  use  y/ilh  them  It  is  intended  to  slimuiaie  ihiokmg  about 
applications  that  are  adaptable  '<->  the  readers  collections 

Author 

N74-16935  Defense  Documentation  Center  Alexandria  Va 
A MICROFICHE  SYSTEM  FOR  SMALL  USERS 
Hubert  £ Sduier  /n  AGARD  New  Develop  m StO'age  Remevai 
and  Dissemination  of  Aerospace  inform  Dec  1973  li  p 
refs  (Fo.*  availability  see  N74  16925  08  08) 

Microfiche  die  particularly  well  suited  to  ihe  reproduction. 
:5iisemination  storage  and  retrieval  of  documents  or  records 
particufariy  those  of  20  9B  pages  Since  fiche  are  flat  microforms 
they  are  easHy  reineved  and  can  be  quickly  duplicated  for  mailing 
oi  lefeience  One  of  the  maior  advantages  of  the  microfiche  is 
a possible  savings  of  70  peireni  o-  mure  m acquisition  costs 
when  a docun.er-.i  is  available  m both  microfiche  and  paper 
form  Anotho'  advantage  is  the  elimination  <vi  document  storage 
problems  since  'ow  cost  copies  of  micrr.tiche  can  be  produced 
at  any  point  or^  demand  In  many  SUuat  ons  the  most  Significant 
<»Uvi»Mtdge  IS  the  savings  in  time  and  cosis  for  packaging  shipping 
Storing  and  retrieving  documents  The  equipment  for  small  users 
fur  riupiicaimq  microfiche  copies  s quite  inexpensive  when 
compared  to  iho  cost  of  roll  tilm  machines  Microfiche  readers 
arid  reader  printers  are  also  considerablv  less  expensive  The 
economies  achieved  are  primarily  due  »o  simple  designs,  containing 
•ew  moving  pans  or  motors  Author 


N74  16935  GeC  Marconi  Electronics  Lid  Chelmsford  lEnyland) 
Research  Labs 

A COMPUTER  CONTROlLARI  E ULTRATICHE  TERMINAL 

F Dueideri  In  AGARO  New  Develop  ''•'oraye  Retrieval 
and  Dissemination  of  Aerospace  Inform  Dec  IC‘73  / p iri7 

availability  see  N74  16925  00  00) 

The  Auton-aied  M.c'oform  Ter mmij' is  a hardware  cord'-bution 
to  the  pTOfjlern  of  cost  effecl-veness  m computer  aided  learning 
Nut  the  resultant  specification  was  found  to  meet  a need  m 
information  retrieval  wherever  the  retrieval  is  from  a large  (say 
700  000  pages  ’jpwj'rir  r.>iii.^pci  1^,  ,.o|orvi,giiv^  *3rq^ 

base  via  a computer  searched  index  structure  where  a last 
response  is  required  to  a specific  enquiry  The  terminal  exploits 
the  high  stoiage  density  handicability  and  'ow  copy  cost  of 
149  mm  x lOb  mm  lammaied  ultrafiche  ik  150  magnification) 
It  has  adequate  precision  to  select  and  display  any  one  out  of 
6000  incJividuaiiv  addressable  A5  pages  from  one  fiche  m 3 to 
I 7 seconds  under  digital  control  either  from  computer  or 
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k«ybo«rd  The  addition  of  a small  magazine  or  cassette  under 
development,  with  automatic  fiche  selection  and  capacity  for 
1/4  million  pages,  makes  the  system  capacity  virtually  open 
ended  Author 

N74-16937  European  Atomic  Energy  Community.  Luiam- 
bourg 

abstracts  on  microfiche  for  on  line  retrieval 

Cart  0 Verntmb  In  AGARO  New  Develop  >n  Storage.  Retrieval 
and  Oisaemination  of  Aerospace  Inform  Oec  1973  13  p 

(For  availability  see  N74- 16925  08-08) 

A short  description  of  the  characteristics  of  the  European 
nuclear  documentation  servic ' is  given  sources  of  information, 
structure  of  the  thesaurus,  file  organization,  retrieval  strategy. 
System  performance,  and  user  behavior  Three  recent  develop- 
ments ere  described  (1)  Installation  of  a terminal  for  systam/user 
dialog,  direct  access  to  part  of  the  data  base  (200  OOO  documents) 
allows  for  query  ad|usiment  by  evaluating  the  ralevarKe  of  trtles 
presented  on  the  screen:  the  ed|usted  query  formulation  is  applied 
to  the  total  data  base  of  I 3 million  documents.  (2)  installation 
of  a m'crofiche  reader-printer  with  a capacity  of  close  tc 
300.000  abstrccts.  the  abstracts  are  presented  on  a ground-glass 
screen  wrthin  4 seconds  after  keying  in  the  corresponding  reference 
numbers:  and  (3)  introduction  of  a relevance  feedback  routina 
reitvanca  decisions  gathered  when  adiusting  the  query  formulation 
are  fed  back  into  the  computer  together  with  the  adjusted  query 
the  descriptors  are  weighted  according  to  their  occurrence  m 
relevant  and  irrelevant  documents,  the  documents  are  tanked 
according  to  the  sum  of  weights  of  their  descriptors  and  printed 
out  in  order  of  decreasing  probability  Author 

N74-16938  Muliard  Research  Labs.  Salfords  (England) 

A RESEARCH  WORKER'S  VIEW  ON  THE  FUTURE  OF 
AUTOMATIC  READING  MACHINES 

J A Weaver  in  AGARO  New  Develop  m Storage.  Retrieval 
and  Dissemination  of  Aerospace  Inform  Oec  1973  8 p refs 
(For  availability  see  N74- 16925  06-08) 

A general  account  of  the  lustification  for  the  use  of 
automatic  reading  machines  m a commercial  data  processing 
environment  is  presented  A broad  outline  of  the  tasks  of  the 
component  parts  of  a reading  system  is  given,  together  with  an 
indication  of  how  modern  reading  machines  are  being  made 
more  cost  affective  than  their  predecessors  A section  is  included 
on  the  recognition  of  handprinted  material  Future  techniques 
which  may  increase  the  capability  ol  reading  machines  whilst 
maintaining  the  current  trend  towards  reducing  size  and  cost 
art  considered  Optical  character  recognition  has  been  m enstence 
for  several  years  at  a price  It  will  become  very  widely  used 
over  the  next  few  years  as  prices  fall  and  data  processing  managers 
roiliie  how  to  uS€  the  techriiqua  affcctivoly  Author 

N74>16939  Hawker  S ddeley  Aviation  Ltd.  Kingston  upon 
Thames  (England) 

ALL  CHANGE  FOR  AERONAUTICS 

John  E Allen  In  aGARO  New  Develop  m Storage.  Retrieval 
ar>d  Dissemination  of  Aerospace  Inform  Oec  1973  5 p (For 
evailabtlity  see  N74- 16925  08-08) 

The  continuing  patterns  of  changes  m design,  methods 
subiects,  fashion  and  major  frameworks  of  reference  Meve  r>ot 
only  increased  the  /oiume  of  aerospace  information  but  its 
complexrtv  The  information  world  has  responded  to  this  by 
evolving  more  and  more  sophisticated  indexing  languages, 
thesaurus  classification  and  automated  retrieval  However,  there 
It  rx>  consensus  of  opinion  of  8 best  way  to  proceed  and  #t 
tim«  gcc:  nn  and  first  and  second  generation  automatic  systems 
come  into  use  it  will  be  •ncrsaxinaly  difficult  to  introduce  later 
methods  because  of  the  large  capital  repiaccmani  cost  involved 
in  such  major  changes  Costs  of  complex  mfi^rmaiion  syo«cm* 
may  become  an  unacceptable  Droportion  of  organisational  aciivifv 
Moreover  such  complexity  and  the  existence  of  automatic  systems 
may  make  too  large  demands  on  staff  time,  leaving  less  for 
consideration  of  the  library/user  interface  Often,  m aircraft  design 
there  ere  similar  tendencies  advanced  techr>ologY  may  give  a 
somewhat  better  aircraft  but  often  only  at  the  expense  of  more 
cost  complexity  unreliability  etc  Good  aeroplanes  result  from 
pood  design  which  is  a !‘.>»ct  discipline  in  avO'dmg  unnecessary 


efaboretion.  complexity  or  cost  In  this  sense  a streamlining  and 
avoidance  of  duplication,  unnecessarily  elaborate  gadgets  etc . 
may  be  advantageous  Author 
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inclu<)««  •(•cirooic  t*«t  ecuipnn«ni  and  ma.niamabilitv . 
compontnt  parts,  sg.  elactton  tubos  tunnsi  dtod«s. 
transistors.  mtaQratSil  circuitrw.  rmcronrwmatuniatKin  for 
basic  rasaarch  $•«  10  glactronics  For  raiatad  ir^formaiion 
saa  also  07  Cornmumcation.  and  2 1 Navigation 
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Includes  clfcuit  theory  feedOeck  arwJ  control  theory 
For  appitcations  see  09  Electronic  Equipment  For  leiated 
mformetion  see  speciltc  Physics  cetepones 


N74-13906I  Advisory  Group  for  Aerospace  Research  and 
Oevaiopmant.  Paris  (France) 

COMPUTER  AIDED  DESIQN  FOR  ELECTRONIC  CIRCUITS 
Oct  )973  456  p refs  Presented  at  2Sth  Tech  Meetirrg  on 

the  Avionics  Panel  of  AGARO.  Lyngby.  Denmark.  21-25  May 
1973 

(AGARO-CP-130)  Avail  NTtS  HCS2S00 

Conference  papers  are  presented  under  the  following 
headings  (1)  reliability.  (2)  modelling.  (3)  microwave.  (4)  ar>elog 
(5)  digital  and  (6)  layout  For  individual  titles,  see  N74- 13907 
through  N74- 13938 

N74- 13907  Technical  Unrv  of  Denmark.  Lyngby  institute  of 

Orcuit  Theory  and  Telecommunication 

THE  TEACHING  OF  CACA  IN  DENMARK 

Enk  Undterg  /n  AGARO  Cornputer  Aided  Oesign  for  Electron 

Circuits  Oct  1973  9 p refs  (For  avaiiaciiiti  see  N 74  13906 

05  10) 

Computer  aided  circuit  analysis  (CACA)  is  a central  discipline 
in  the  area  of  computer  aided  design  of  electronic  c.rcuits  (CAOEO 
Since  1969  10  courses  m CACA  have  been  offered  and  attended 
by  about  190  persons  Nevirtheiess  it  has  turned  out  that 
apparently  It  IS  very  difficult  (0  introduce  CACA  m the  industry 
The  implementation  and  use  are  considered,  of  a common 
eccessiole  iibrery  cO'itaming  a Mum(««r  uf  pr'^grams  for  geoerei 
circuit  analysis  Two  programs  ANP3  and  NAP2  for  imeer  and 
r>ontinear  systems  analysis,  respectively,  are  reviewed  m brief 

Author 

N74-13908  Computer  Aided  Design  Centre  Cambridge 
(England) 

ECONOMICS  OF  CAO  A NEW  APPROACH 
A I Uewefyn  and  G C Freeman  In  AGARO  Computer  Aided 
Oesign  fr^r  Electron  Circuits  Oct  1973  10  p refs  (For  availability 
see  N74  13906  05-10) 

The  ctL/Momics  of  CAO  is  dependent  on  the  degree  to  which 
commonalitres  can  be  recognised  over  t wide  application  front 
and  embodied  into  common  interactive  software  and  a flexible 
computer  system  The  CAQ  Centre  has  worked  closely  with 
industry  over  the  whol.  engineering  front  m order  to  identify 
Such  commonalities.  wh:*e  t!  the  same  !:rre  keying  its  deve'opment 
to  induslriel  needs  and  opcr«t<ng  m a commercial  environment 
where  the  economics  of  CAO  is  always  in  me  forefront  The 
Centre  s (unction  and  facilities  and  its  method  of  operation  are 
described  The  economic  advantages  to  be  gained  from  the  use 
of  a common  system  developed  through  exper.ence  geinad  by 
multi'Organization  multi-discipime  workmg  are  discussed 

Author 

N74-13909  Admiralty  Surface  Weapons  Establishment 
Portsmouth  (England' 

RELIABILITY  RELATED  TO  COMPUTER  AIDED  CIRCUIT 
OESIGN  A USER  S VIEW 

N A Walter  and  A A Kaposi  In  AGARO  Computer  Aided 
Design  for  Electron  Circuits  Oci  1973  10  p (For  availabihiv 

N74  13906  05  lOl 

The  problems  of  using  computer  aided  circuit  design  m the 
relisbiiiiy  field  are  discussed  arid  some  of  the  possible  reasons 
for  the  low  utiliiation  of  computer  aideo  ciicuit  design  are  given 
A method  of  simulating  system  reliability  using  : --.mputer  aided 
circuit  design  type  programs,  is  discussed  and  details  given  of 
Such  a mathod  Author 

N74-13910  Radio  Corp  of  America  Mooresiown.  NJ 
Government  and  Commercial  Systems  Oiv 

RELIABILITY  AND  COMPUTER  AIDED  OESIGN 


Preceding  page  blank 

James  G Smith  In  AGARD  Compuiar  Aided  Design  (or  Electron 
Orcuiis  Oct  1973  1 1 p refs  (For  availsoility  see  N74- 13906 

06-10) 

Irtformalion  is  presented  to  show  that  an  integrated  system 
of  design  aids  raises  the  level  of  uesign  assurarKe  end  (hereby 
improves  reliability  Top  es  of  discussion  include  (1)  reliebility 
et  the  expense  of  design  complexity.  (2)  pertinent  ettributes  of 
(he  compuiar,  (3)  standard  cell  automation,  (4)  the  sterKferd 
ceil  itbrary.  (5)  corr^pute'  aided  circuit  design.  (6)  logic  Simulation 
and  tast  ganeration.  (7)  computer  aided  printed  circuit  board 
design,  snd  (8)  backplane  wiring  design  automation  0 LG 

N74-13911  Technical  Univ  of  Denmark.  Lyngby 
COMPUTER  AIDED  DESIGN  FOR  MAXIMUM  PRODUCTION 
YIELD  OR  MAXIMUM  RELIABILITY 

P W Backer  and  F Jensen  (Storno  A.  S Copenhegen.  Denmerk) 
!r  AGARD  Compute'  Aided  Design  for  Electron  Circuits  Oct 
1973  14  p refs  (Fo>  availahility  see  N74  13906  05  10) 

Th«  use  of  computer  aided  desigrt  is  demonstrated  as  a 
means  of  oplimijing  electronic  circuit  or  systerri  production  yield. 
Of.  ultimately,  dnh  rei  ab  hty  A mathematical  rr>odel  for  the  yield 
or  drift  reliability  is  introduced,  and  methods  for  numerical 
evaluation  hereof  are  briefly  reviewed  The  unhappy  task  of 
assembling  pertinent  component  data  fo'  the  /‘ompulations  is 
also  touched  upon  Various  optimisation  lechmqbes  suitable  foi 
(he  problem  at  hand  are  next  commented  upon,  end  finally  the 
theory  is  pul  into  use  by  optimiiing  the  yield  of  two  :rantiitor 
circuits  The  results  and  implicatiorts  of  the  oplirr  ./ahon  .are 
discussed  Auihor 


N74-13912  Electronique  Marcel  Dassault.  St  Good  (Francs) 
CuMrvTER  AIDED  OESIGN  CONCEPTS  (LA  CONCEPTION 
OE  PRfJJET  ASSISTEE  PAR  ORDINATEUR| 
j P Vedei  In  AGmRD  Compu'er  Auieu  Design  for  electron 
Circuits  Oct  1973  9 p In  FRENCH  (For  availability  see 

N74  '3906  05- 10' 

A communication  is  presented  on  the  use  of  computer 
concepts  to  aid  m determining  the  reliwbilily  and  costs  of 
developing  malenais  The  availability  of  ihe  material  wes  alto 
considered  Trans;  by  E H w 

N74-13913  Louvain  Univ  (Belgium) 

THE  USE  OF  THE  TRANSISTOR  SIMULATION  PROGRAM 
SITCAP  FOR  STATISTICAL  MODELING  OF  BIPOLAR 
TRANSISTORS 

H Daman  R Marten  and  H Grevens  In  AGARD  Computer 
Aided  Design  for  Electron  Cucuiis  Oct  1973  1 1 p refs  (For 

aveilabilily  see  N74  13906  05  10) 

The  program  SiTCAP  is  a simu.ator  of  bipolar  transistors 
for  computer  aided  circuit  analysis  The  mam  features  of  the 
program  are  its  simple  input  output  structure  and  the  new  emitter 
model  which  is  included  m it  The  rnain  aspects  of  the  program 
are  described  and  examples  are  given  of  the  application  of  the 
program  for  siudvmg  the  siahslical  propenias  of  bipo'ar  transistors 
i|  ir,  der'nonstraied  that  in  mosi  cases  the  Gummel  number  must 
ti  taken  as  slausticai  variable,  beca  ise  the  most  imponani  model 
parameters  are  cor*elated  with  it  Autho' 


N74-13914  Norges  Tekmske  Moegskole  Trondheim 
TRANSISTOR  EQUiVALENTS 
O G Kjdersiad  In  AGARD  Computer  Aided  Design  for  Electron 
Circuits  Oct  1973  12  p refs  (For  availa!.»:litv  see  N74  13906 

05  lOl 

A method  IS  presented  to  fmd  (he  linear  equivalent  circuits 
of  operational  amplifiers  and  bipolar  transistors  The  method  >s 
general  end  the  same  method  can  be  used  to  Imo  the  equivalent 
circuits  of  other  components  The  method  is  based  open  using 
a CAO-program  to  minimize  an  error  fijnchon  by  varying  the 
component  values  of  an  equivalent  circuit  ^he  erro,  (unction  i$ 
derived  from  the  difference  between  the  computed  response  of 
(he  component  for  example  a transistor  and  (he  known  response 
The  known  response  can  be  the  measured  frequency  response 
or  derived  from  the  mouufdCturer  s data  The  results  of  two 
projects  are  preseriied  which  include  (1)  operational  amplifier 
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•qu(v«l*nt  b«low  $ MHz.  and  (2)  bipoUr  transistor  oquivaier\t 
bolow  3u  MHz  A projact  to  find  tha  equivalant  circuit  at  highar 
fraguarKias  is  outlmad  Author 

N 74*  139 16  Advisory  Group  for  Aarospaca  Basaarch  and 
Davaiopmant.  Pans  (Franca) 

AN  OPTIMIZATION  TiCHNIQUe  TO  CALCULATE  BIPOLAR 
TRANSISTOR  PARAMETERS 

Ronald  J Covalfo  (Eiiswonh  AF6.  South  Dakota)  In  ns  Computer 
Aided  Design  for  Electron  Orcuits  Oct  1973  12  p rafs  (For 

availability  saa  N74  13906  05  10) 

Presently,  a severe  problem  exists  in  nonlinear  network 
•rralysis  Succinctly  stated,  this  probfam  is  that  the  maasuramant 
of  the  nonlinear  parameters  of  bipolar  transistors  is  time 
COnturr''ng.  difficult,  and  costly  An  iterative  computer  technique 
IS  des  'ibed  for  calculating  these  parameters  using  readrly 
measured  dat«  The  technique  uses  a iwo  level  optimization 
process  Initially  •{  assumes  an  arbitrary  set  of  values  (or  (he 
parameters  It  then  calculates  transistor  currents  based  on  these 
parameters  and  measured  voltages  The  calculated  and  measured 
currants  are  than  compared  and  appropriate  ^adjustments  are 
made  in  the  parameters  This  process  i$  repeated  till  calculated 
and  measured  values  of  transistor  currents  agree  At  this  time 
the  parameters  are  considered  known  Results  are  shown  which 
demonstrate  the  validity  and  applicability  of  the  technique  Also, 
several  minor  modifications  are  suggested  :o  optimize  the 
process  for  proouction  use  Author 

N 74- 139 16  Elaktronikcentral  rn  Hoersholm  < Denmark; 

LINEAR  TRANSISTOR  MOf  ELS  IN  HF  NETWORK  ANALY 
SIS.  ADAPTION  BETWEtr^  MEASUREMENTS  AND 
ANALYSIS  BY  COMPUTER 

P Stangerup  m aOARD  Computer  Aided  Design  fo-  Electron 
Circuits  Oct  1973  22  p refs  'For  availability  see  N74  13906 
05-10) 

it  i»  Ueiiiuii>l<ateJ  lii«(  ()•«  piuuiem  u(  inciuuiog  Udnsistui 
data  in  linear  analysis  programs  is  easily  overcome  py  means  of 
a Simple  mathem  tttcai  rnodei  This  model  can  without  difficulty 
be  made  to  cover  at  least  one  decade  at  frequencies  up  to 
1 GHz  Ai  the  higher  frequencies  the  best  representation  of 
the  transistor  is  the  S-mairu  Therefore  it  is  desirable  to  make 
greater  use  of  analysis  programs  based  entirely  on  me  S parameter 
representation  Author 

N74-13917  A jviscry  Group  lor  Aerospace  Research  and 
Development  P^ris  (Fiance' 

I'NIT  TRANSISTOR  MODEL  OF  BIPOLAR  TRANSISTOR 

having  ccntinuous  parameters  as  the  geo 

METRIC  DIM  'NSIONS  [TRANSISTOR  UNITE.  MOOELE  DE 
transistor  BIPOLAIRE  EN  CONTINU  AYANT  COMME 
PARAMETRfS  LE5  DIMENSIONS  GEOMETRIQUES  DES 

transistors! 

P Leduc  In  ns  Computer  Aided  Design  for  Electron  Circuns 
Oct  1973  Up  refs  In  FRENCH  (For  avaiiabiiny  see  N74  13906 
06  lOi 

The  addit  of  high  level  injection  to  1015  transistor  mode 
and  the  efle-  t of  such  a.i  addition  on  continuous  trans'sio* 
functions  are  investigated  The  revised  rnodel  is  applied  to  the 
deierminalton  of  pdrameiers  for  two  t'ansisiors  A comparison 
was  made  o'  the  measured  and  calculated  gam  and  funchon  of 
the  collector  circuit  Transl  by  E HW 


N74-1391I:  Siemens  AG  Munich  tWest  Germanyi  Cenuai 

Telecommu  ucalions  Lab 

STATE  OF  art  AND  FUTURE  TRENDS  OF  COMPUTER 
AIDED  DESIGN  OF  MICROWAVE  INTEGRATED  CfR 
CUITS 

Hans  Norbert  Toussaml  and  Remmut  Hcjlfmann  /n  AGARO 
Computer  Aided  Design  for  Electron  Ci-cuits  Jan  1973  14  p 

(For  availabiliiy  see  N74  13906  05  10? 

Ihe  fut’j.'e  trend  oi  M'C  design  wii  be  to  tombme  the 
previously  separate  CAD  Ijranches  into  one  CAD  systerr  The 
hardware  and  sohware  complement  of  ihis  system  is  desenberJ 
The  principal  constituents  of  (he  softwa-'e  are  a rorversion 
program  whici.  permits  (he  network  to  he  calculated  rJirer^l'y 


from  the  circuit  layout,  and  a data  bank  m which  the  measu'ed 
propertias  of  special  MIC  componer^ts  (eg  transmission  Ime 
diacuniinuitios.  lumped  elements)  are  stored  Author 

N74-13919  Bell-Northern  Research  Ltd  Ottawa  (Ontario) 

A COMPUTER  PROGRAM  FOR  ANALYZING  WAVEGUIDE 
STRUCTURES 

Chuang  Jy  Wu  and  Wayne  Johnson  In  AOARD  (Idmputer 
Aided  Design  for  Electron  Circuits  Oct  1973  1 1 p refs  (For 

availability  see  N74- 13906  OS-iO) 

A waveguide  structure  analysis  program  was  developed  m 
fortran  for  implementation  on  an  IBM  360'67  computer  using 
the  CP/CMS  time  sharing  system  From  an  input  of  mechanical 
dimensions,  equivalent  circuits  of  waveguide  obstacles  are 
generated  by  using  previously  published  theoretical  and'or 
experimental  results  Assuming  that  no  evanescent  mode 
interaction  occurs  between  obstacles  an  A6CD  matrix  manipula 
tion  IS  used  to  determine  the  overall  network  electrical  response 
In  addition,  a classical  waveguide  filter  desig.n  program  tempera 
tore  and  mechanical  stability  tests  and  a tuning  prccedure  have 
been  provided  to  help  solve  day  to  day  engineering  problems 
Good  agreement  was  obtained  between  measured  and  calculated 
results  for  waveguide  transformers,  and  both  bindpass  and 
banJstop  filters  The  program  IS  essentially  a piece  of  powerful 
design  equipment  with  broadband  capability  and  provides  the 
desigrcM  with  instant  tabulated  performance  information  for 
analysis  Proper  use  of  the  program  can  save  a considerable 
amourit  ol  model  shop  work  arid  experimental  effort  m designing 
various  types  of  waveguide  networks  Author 

N74- 13920  Servizio  Weteo'oiogico  iiaiiano  Milano 

COMPUTER  OPTIMISATION  OF  MICROWAVE  INTE 
GRATED  CIRCUITS  DESIGN 

5 V Judd  In  AGARD  Computer  ^ ided  Design  lor  Electron 

Circuits  Oci  1973  8 p rel  iFo*  availability  see  N74  13906 

06  lOl 

The  design  and  implementation  of  a numerical  opiimizadon 
procedure  are  described  suitabie  tor  realizing  practical  designs 
of  hybrid  microwave  integrated  circuits  Considerable  atieniion 
was  given  to  achieving  low  running  costs  m terms  o*  computation 
lime,  in  order  10  make  the  methods  described  economically 
Viable  Author 

N74-13921  Technische  HogeschooL  Deih  iNelheriands' 
Microwave  Lab 

DAP  (Distribution  analysis  program)  a program 

FOR  THE  ANALYSIS  AND  DFSIGN  OF  MICROWAVE 
CIRCUITS 

Joseph  L Taurilz  In  AGARO  Compuier  Aided  Design  for  Electron 
Circuits  Oct  1973  23  p refs  iFor  availability  see  N74  13906 

OS  lOi 

OA?  i>  011  ««>y  lu  u>«f  (.ynipute'  piogiani  facilitating  tne 
analysis  and  design  of  microwave  cucuns  employing  lurnped  and 
distiibuieri  elements  At  present  •:  has  been  m general  use  for 
Over  IWO  years  m the  Microwave  Laboratory  of  the  Deifi  Ur;ive'sity 
of  Technology  DAP  utilizes  a modified  chain  matrix  analysis 
scheme  coupled  to  an  extensive  repenone  of  microwave  element . 
Lumped  and  distributed  elements  such  as  resistors  capacito/s 
inductors  lossy  transmission  lines  'both  inline  and  slut)- 
Ifansforrners.  and  arbitrarily  specified  ABCO  matnees  constitute 
the  normal  circuit  elements  The  program  s versat'i'iv  is  enhanced 
by  Ihe  ease  wiih  wfuch  new  element  models  may  be  added  by 
the  user  The  report  includes  an  introduction  to  the  mathematical 
basis  of  the  program  wiUi  emphasis  on  its  more  unusual  ast>ecis 
supplemented  by  a number  of  design  eyamf>ies  The  creation  of 
special  purpose  element  types  to  faciinaie  phase  shifter  i.-ansisto' 
ampMie'  and  Da*arrv-t/ic  am()lif?ef  analysis  a>e  desc'ioerf  A 
comparison  with  oihe-  presently  available  ti.-ogrami,  is  made 
serving  des'grie.’s  m several  Ca'iarfian  oties  Autho* 
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C'".  -Us  Oil  ’973  IQ  rnts  'fo'  availah'iily  ser*  N74  13906 

05  \ 


10  ELECTRONICS 


167 


The  program  ACUNE  ^as  conceivoO  ^or  lha  treatmei^t  in 
the  freouency  domain  of  the  rrrsi  jeneral  form  of  linear  active 
neiworka  Wilt)  lumped  and  distributed  eiamenis  (stubs  lines, 
coupled  lines,  circulators,  etc  1 The  components  of  the  network 
may  be  described  as  tiacK  *:oies.  characterized  by  S.  V or  Z 
parameters  and  stored  m a library  with  a code  name  It  is  also 
possible  to  use  subnetwoiks.  that  are.  after  treatment,  considered 
as  conventional  black-boxes  Four  types  of  controlled  sources 
allow  the  optimum  choice  of  active  devices  equivalent  circuits 
A great  number  of  results  may  be  obtained  frr-  n ACLINE  including 
all  parameters  or  functions  currently  used  to  characterize  linear 
networks  performances  m the  frequency  domain  Sensitivities 
computation  is  made  through  two  different  methods  Fo*  a 
check  Over  a great  number  of  components  a general  method  is 
used  A Simple  step  by  step  optimization  process  may  then  be 
applied  over  a smalt  number  of  sensitive  parameters  with  a 
faster  method  (l  A M > Sophisticated  mathematical  models  of 
microwave  active  devices  are  also  included  m the  program 
(avalanche  diode  for  example)  Author 

N74-13923  Laboraioire  Central  de  Recherches  Thomson  CSF 
Orsay  (France! 

SrTHESiS  OF  PASSIVE  FILTERS  WITH  INFINITE  ATTENUA 
TION  POINTS  REALIZED  WITH  WEAK  NOISE  COMPO 
NENTS  APPLIED  TO  HIGH  DEGREE  CAUER  FILTERS 
iSYNTHESE  OE  FILTRES  P^SSIFS  A POINTES  D ATTENUA 
TION  INFINIES  REALIStS  AVEC  OES  COMPO$ANT$  A 
FAILBLE8  PERTES  APPLICATION  AUX  FILTRES  OE  CAUER 
OE  OEQRE  ELEVEl 

C Gimenes  AGARO  Computer  Aided  Design  for  Electron 
Circuits  Oct  1973  1 1 p refs  In  FRENCH  (Fo'  availability 

see  N74  13906  05  10) 

Computer  synthesis  of  fillets  as  a (unction  of  attenuation 
frequency  and  transfer  function  was  discussed  Afie'  determining 
these  functions  the  impetlsnce  cve‘“.'0't3gc  • -tcr’ng  h‘*e' 
components  terminal  resistance,  end  transmission  loss  were 
determined  Component  values  and  fitter  scheme*  ?'e  included 
The  functional  characteristics  oi  the  filter  were  coniparec  to  those 
of  high  performance  Cauer  filters  Transi  by  E H W 

N74-13924  Societa  Italiana  Teiecomunicazioni  Siemens  So  A. 
Milan  (Italy) 

COMPUTER  DESIGN  OF  EQUAL  RIPPLE  EQUALIZATION 

A Maggi  and  N Montefusco  /r^  AGARO  Computer  Aided 
Design  (or  Electfor'.  Circuits  Oct  1973  8 p rels  iFor  availability 
see  N74  13906  05  10) 

A digital  computer  program  for  automatic  equalization  of 
group  delay  frequency  characteristics  is  presented  The  program 
solves  in  the  most  general  manner  the  problem  oi  equal  rippie 
equalization  with  a limited  romputation  time  and  a reduced 
number  of  positions  ir  computer  memoi,  The  paper  describes 
the  Iterative  approximation  process  on  a Ne-wton  Raphson  basis 
An  exhaustive  analysis  ol  the  opimuzation  and  convergence  of 
the  proceduie  .s  also  included  Finally  the  actual  compute'  program 
is  illuSiratecJ  and  some  practical  results  are  given  Author 


N74  13925  Southampton  Univ  'c  iw'and* 

COMPUTER  AIDED  ANALYSIS  OF  ELECTRONIC  CIRCUITS 
ON  A SMALL  MACHINE 

K G Nichols  /n  AGARD  Computer  Aided  Design  lor  Uectron 
Circuits  Oct  1973  10  p refs  iFor  availability  see  N74  13906 

05-101 

The  reasons  are  explained  for  commencing  computer  aided 
design  aclivil'es  on  a small  rnacrime  a'  Souttiampton  University 
The  cost  of  running  the  mactnne  for  this  purpose  is  esiimaied 

iOeiaiis  of  p'o.i  ams  for  small  signal  linear  tircuii  ac  analysis  arid 
ncn  linear  circuit  dc  and  iransieni  analysis  are  given  Exarripies 
I of  costs  uj'.ig  these  programs  are  mclutled  Tiic  problems 

• associated  witn  implementing  analysis  progiarns  on  smaii 

i machines  are  briefly  discussed  Author 

■ N 74  13926  Philips  Gloeilampenfabrieken  N V Emdhoven 

f 'Netherlands!  Research  Labs 


STRUCTURE  AND  APPLICATION  OF  COMPUTER  PRO- 
GRAM ICAN  INTEGRATED  CIRCUIT  AC  ANALYSIS 
E M VanderOuderaa  fn  AGARO  Computer  Aided  Design  for 
Electron  Circuits  Oct  1973  15  p *efs  (For  evetiebilitv  see 

N74  13906  05  10) 

The  computer  program  ICAN  (Integrated  Circuit  Analysis)  >s 
capable  of  caicula  ng  ac  properties  (sm^'i  signal)  of  bipotar 
integrated  circuits  As  input  it  needs  technologicel  data  ol  the 
iC  process  geometrical  data  (from  the  layout)  and  nodal 
connections  Details  are  given  of  the  models  used  To  get  an 
indication  of  the  accuracy  of  ICAN  it  is  applied  to  a current 
mode  logic  gate  m the  frequency  range  100  500  MHz  The 
result  IS  a reasonable  agreement  with  rneesurements  To  improve 
this  agreement  use  was  made  of  a more  accurate  two  dimensional 
transistor  model  Author 


N74-13927  Societe  dE.udes  des  Systemes  d Automation  Pans 
(France! 

IMAG  2 ELECTRONIC  CIRCUIT  SIMULATIONS 
Jean  Arnouid  i P Sicot.  and  Claude  LeFaou  (INPGl  fn  AGARD 
Computer  Aide<}  Design  (or  Electron  Circuits  Oct  1973  7 p 

refs  (For  availability  see  N74  13906  05  lOi 

IMAG  2 IS  a Simulation  program  of  linear  or  non  linear 
electronic  circuits  It  allows  the  computation  of  the  circuit  s 
response  under  various  conditions  ■ e dc.  a:  and  transient  analysis 
It  also  gives  the  sensitivity  of  one  or  several  output  variables 
according  to  one  Ol  several  cncuil  compore'  ls  The  p'ogram  s 
use  IS  Simple  and  inexpensive  because  of  the  description  s 
language  and  powerful  calculation  methods  Author 


N74  13928  Rockwell  international  Coip  Anaheim  Calif 
COMPUTER  AIDED  DESIGN  ANALYSIS  OF  MODERN 
LARGE  SCALE  CIRCUITS  AND  SUBSYSTEMS 
W Hochwald  fn  AGARD  Compuier  Aided  Design  (or  Electron 
CmcuiIs  Oct  1973  41  p re’s  rFor  availability  see  N74  13906 
05  10) 

The  SYSCAP  (Sysierm  ol  Circuit  Analysis  Progr,  nsl  SELECT 
(System  Evaluation  of  La'ge  Scale  Electronic  Circuits  and 
Transforms)  family  of  computer  programs  ranks  among  the  more 
powerful  computer  aids  avai'able  to  the  design  production 
reliability  and  logistics  engineer  As  such.  SYSCAP  SELECT 
encompasses  proven  technology  m device  modeling  and  maihe 
maticai  structures  while  stressing  ease  of  usage  and  economy 
Fiexib'fitv  IS  provided  to  handle  bipolar  transistor  electronics  as 
well  as  MOS  (Metal  Oxide  on  Sihconi  MSI  LSI  (Medium  and 
Large  Scale  tntegratedi  circuits  on  an  individual  basis,  m hybnd 
configurations  i <n  coniunciion  with  functional  System  e'emonts 
The  capabilities  ser  features  and  options  of  SYSCAP  SELECT 
are  pr»5»Ti»n  A c*rc‘j?t  erample  and  a coni'o!  loop  subsystem 
design  example  d<e  given  Theoretical  backgiound  data  are 
presented  to  substantiate  the  solution  processes  that  are  'jlilized 
Appiicaiion  aieas  where  SYSCAP  SELECT  has  proven  to  be 
cost  effective  are  described  with  reference  to  the  development 
cycle  of  complex  modern  electronic  and  electro  mechanical 
equipnnert  Author 


N74-13929  Bell  Northern  Research  Ltd  Ottawa  lOntanol 

AN  EVOLVING.  OPERATIONAL  COMPUTER  AIDED  DESIGN 
SYSTEM 

G Scott.  0 L Williams  and  I C Beaur^ont  /n  AGARO  Compulei 
Aided  Design  for  Electron  Circuits  O 1973  12  p 'els  (Foi 

availabtltiy  see  N74  13906  05  I0i 

Computer  graphics  systems  have  not  come  mio  ge-  e'al  use 
lor  computer  aided  deS'gn  because  of  the  high  costs  of  both 
graphical  hardwa»e  and  graphical  software  The  equipment  cost 
has  decreased  but  programming  costs  femem  high  A compute' 
aided  systc.*'  is  desc*'bed  ^^31  a n#w  high-level 

graphical  language  'he  development  of  the  language  and  of 
the  'ransiatof  and  other  programs  m the  system  ere  also  described 
Seme  examples  a'e  givei  of  applications  using  the  lariguege 
which  'S  at  present  running  on  a large  time  shanng  coniputar 
serving  designers  m seve'di  Canadian  cties  Author 


*v  M 


N74- 13930  Bnjn«l  Univ  . Uabridg#  (ErvgUnd) 

SPiCIFICATION  AND  DCSIQN  LANQUAGeS  FOR  10G:C 

SYtTCMt 

Oouglst  L«win  in  AGARO  CompaMr  Aiddd  Ottign  Cor  Electron 
Orcuit*  Oct  1973  11  P toft  (For  ivtilibtltty  »eo  N74-^3906 
06-101 

Tho  t*chniqu«i  are  •UfT'Ttod  of  ropfa««f  tmg  togictl  pro 
coaaaa#  »o  such  a way  that  tKa  ratultant  ttfucturas  may  ba 
uapd  both  for  tha  ana(ya<a  and  aynthaaia  of  the  final  syatam 
Tha  raquiramanta  for  logic  datign  languages  are  defined  and 
currant  lachniquat  are  survayad  The  interactive  design  Ian 
guagae  under  davalopmant  for  the  CAtO  system  are  described 

0 LG 

N74<13931*  National  Aeronautics  and  Space  Administration 
Marahed  s,?ace  Flight  Center.  Huntsville.  Ala 

THC  NASA  COMPUTET  AIDED  DESIGN  AND  TEST 

SYSTEM 

J M Gould  end  K Juergansen  In  AGARO  Computer  Aided 
Oaiign  for  Electron  Circuits  Oct  1973  13  p refs  .For  availability 
see  N74  13906  0^  I0i 

A fsmily  of  compu'ei  prograrrij  facilitating  the  design  layout 
evaluation,  and  testing  of  digital  electronic  circuitry  is  described 
CAOAT  (computer  aided  design  and  test  system)  is  intended  for 
use  by  NASA  and  its  contractors  and  is  aimed  predominantly  at 
providirtg  cost  effective  microelectronic  subsystems  based  on 
custom  desigrKd  *netal  oxide  semiconductor  (M0$)  large  scale 
mtagreied  circuits  (LSICs)  CAOAT  software  can  be  easily  adopted 
by  instaHanons  with  a wide  variety  of  '‘omputer  hardware 
configuration^  Its  structure  permits  ease  of  update  to  more 
powerful  component  programs  and  to  newly  emerging  LSiC 
technologies  The  components  of  the  CAOAT  system  are  (l.^scnbed 
stressing  the  interaction  of  programs  rather  than  detail  of  coding 
or  algorithms  The  CAOAT  system  provides  computer  aids  to 
riertve  and  document  the  desion  r.ient  includes  powerful 
automatic  layout  software  permits  detailed  geometry  checks  tr>d 
performance  simulation  based  on  mask  data,  and  furnishes  test 
pattern  sequences  for  hardware  lestmg  Author 

N74  13932  Societe  Europeenne  de  Semiconducteurs  ei  de 
Microelactronique  Paris  iFranco) 

SIGMA  AN  INTEGRATED  SYSTEM  OF  COMPUTER  AIDED 
COMPLEX  CIRCUIT  DESIGNS  (SIGMA  UN  SYSTEMS 
INTEGRE  OE  PROGRAMMES  OE  CONCEPTION  ASSISTEE 
DCS  CIRCUITS  COMPLEXES] 

J P Lusinchi  In  AGARO  Computer  Aided  Design  for  Electron 
Circuits  Oct  1973  25  p rels  In  FRENCH  iFor  availability 

see  N74  13906  05  lOi 

A detailed  description  is  given  of  SIGMA  a computer  program 
designed  to  generate  integrated  and  hybrid  circuits  The  program 
IS  divided  into  three  parts  f1'  IMAG  2T  rmd  PRIAM  for  analog 
simulation  i2i  PSi  fo'  iogi^a:  »iinuialiu<>  ^ud  seuuence 

generation  ertd  (3)  GAMMA  for  diagram  ificahun  Special 
circuits  costs  program  applications  are  included 

Transi  by  6 H W 

N74  13933  Motu  rola  Inc  Phoeni*  Ari:  Se  m iconducior 

Products  Oiv 

A COMPUTER  AIDED  DESIGN  SYSTEM  FOR  LARGE  SCALE 
INTEGRATED  DIGITAL  NETWORKS 

R G Hamer  and  C S Meyer  AGARO  Computer  Aided 
Design  for  Electron  Cncuits  Oct  1973  11  p refs  : For  availability 
see  N74  13906  05  10) 

A CAD  system  presently  being  used  m the  design  of  LSI 
digital  networks  is  described  Topics  discussed  cover  logic  systern 
design  and  partitioning  consideralions  log>'.  verification  circu'l 
design  chip  layout  and  mask  generation  Computer  programs 
are  described  which  aid  the  designer  m loqir  simulation  fault 
detection,  non  linear  circuit  anaiy>.-.  m dc  and  transient  modes 
routing  of  cel<  interconner:t  and  mask  generation  Author 


N74  13934  REOAC  Software  Ltd  Tewkesbury  lEngtand) 
COMPUTER  AIDED  DESIGN  OF  MULTILAYER  PTINTED 
CIRCUIT  BOARDS 

W E Hrlher  In  AGARO  Computer  Aided  uesiqn  tor  Electron 
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Creuda  Oct  1973  14  p rafs  (For  availability  see  N74  13906 
06-10) 

The  irstaractiva  computer  layout  of  large  muiniayer  printed 
c*rcu<t  bMrda.  including  through  via  hole  boards  as  wall  as  buned 
via  hola  boards,  la  deKnbed  A full  description  of  the  software 
used  IS  given  together  with  details  of  the  hardware  end  men 
machine  interface  The  sysiern  used  is  shown  to  be  an  eidansicn 
of  the  internationally  proven  REDAC  double  sided  PC  6 design 
package  The  powerful  software  routines  available  for  automatic 
routine  and  checking  of  the  final  layout  ate  emphasiaed  together 
with  the  ease  with  which  the  designer  may  interact  with  the 
program  during  its  eiecution  (|  is  shown  that  large  layouts  can 
ba  compiatad  in  a few  weeks  which  would  take  a manual  designer 
months  to  complete  and  would  be  very  prone  to  manual  desigrser 
error  Author 

^74•;39^6  inierriaiionai  Computers  Ltd.  Manchester  (Eng- 
la<.dl 

OF1IMI6ING  AUTOMATIC  TRACKING  OF  MULTILAYER 
BOARDS 

H G Adihead  //  AGARD  Computer  Aided  Design  for  Electron 
Circuits  Oct  1973  16  p refs  (For  availability  see  N74  13906 
05-10) 

The  paper  commences  with  a brief  but  critical  appreciatiori 
of  some  known  automatic  tracking  techniques  for  multilayer 
printed  circuit  boards.  vi2  Ma^e  Running.  Line-Search  enq 
Channel-Allocation  The  purpose  is  to  bring  oui  their  inherent 
Similarity  and  to  propound  their  specific  superiority  under  different 
comomaiions  of  controlling  criteria  dictated  by  technological 
conrtramts  Consideiatior^  is  given  to  the  prohibitive  core  and 
time  requirernent  tor  a real  life  envi'C'iment  involving  an 
approximately  500  x 500  track  matrix  a'.rOcidted  with  the  request 
fur  orthogonally  connectmg  about  '.500  pm  pairs  on  each 
board  The  evolution  of  an  efiectivd  algorithm  and  list  structure 
capable  of  successfully  handling  this  problem  is  discussed  m 
detail  Several  side  issues  of  major  significance  are  introduced 
The  efficient  pre-sonmg  of  the  order  m which  wires  are  submitted 
to  the  mam  algorithm  has  been  lound  to  make  a significant 
contribution  to  the  efficiency  of  the  entire  system  Profile  analysis 
IS  developer^  as  a technique  for  comparing  the  reiaiive  merits  cl 
various  topological  placements  of  the  logic  network  The 
impcriance  of  the  bas'C  board  layout  and  its  relation  to  the 
algorithm  employed  is  stressed  Author 

N74-13936  University  of  Southern  Cahf  Marma  del  Rey 

A PARALLEL  PRINTED  CIRCUIT  BOARD  DESIGN  SYS 
TEM 

Donald  R Oesireicher  In  AGARD  Computer  Aided  Design  lor 
Electron  Circuits  Oct  1973  12  p refs  (For  availability  see 

N74- 13906  05  lO) 
iConuect  F306O2  70  C 03001 

A unique  appiu«c>>  OeSuotred  for  the  auiomaiiC  design  of 
printed  circuit  boards  m which  all  functions  can  be  accomplished 
lo  parallel  instead  of  producing  ihs  layout  wire  by  wire  as  is 
currently  the  rule,  ihe  layout  is  produced  by  traversing  the  board 
•n  a raster  scan  fashion,  routing  all  relevant  wires  in  perailel 
This  allows  all  desigri  functions  to  be  accomplished  simultaneously 
The  fact  that  ihe  layout  functions  are  done  concurreniiy  provides 
for  greaf^r  feedback  among  the  diHereni  functions  and  therefore 
greeter  efficiency  as  myre  relevant  .nformaiion  IS  available  to 
each  function  The  algorithm  also  makes  great  use  o!  the 
commuiivilies  introduced  b>  integrated  ci'cuils  This  is  done  by 
unbinding  the  circuit  mto  a structure  which  describes  ell  possible 
pm  assignments  as  delrntj  by  the  relevant  commutiviiies  This 
structure  then  mbiniams  this  information  as  the  layout  algorithm 
makes  decisions  to  bind  particular  (ims  to  particular  logical  sig  lais 
The  siruciore  not  only  remembers  past  decisions  but  it  also 
makes  all  derivative  bindings  'equi'n-l  bv  the  layout  algorithm  s 
decisions  necessary  to  maini,.m  th«-  erj.j»vaierice  tietween  the 
ir.pul  circuit  description  and  the  actual  implemented  circuit 

Aulhor 

N74  13937  Compote's  M-J  Manchcstei  cngland* 

Microsysterr.s  Div 

COMPUTER  AIDED  PLACEMENT  AND  ROUTING  OF  HIGH 
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DENSITY  CHIP  INTERCONNECTION  SYSTEMS 

N h C:och«r.  R W McGuffm.  R Niylor,  and  H Voioar  M 
AGARO  Computar  Aidad  Oat*gn  for  Eiaciron  Orcuilt  Oct 
1973  26  p raff  {For  avaiiatxiity  «aa  N74- 13906  OS  10) 

A noval  approach  to  th«  problam  of  placamant  arxl  mtarcon 
naction  of  comoonants  »s  prasaniad  Conventional  constraints 
auch  aa  aubatrata  or  circuit  board  dimanaiona.  are  r>ot  conaidarad 
at  tKa  ouiaat.  they  are  either  abaant  or  are  auppresaad  until  the 
atatfa  la  reached  at  which  they  are  directly  appticabla  The  choaan 
approach  waa  adopted  to  facilitate  the  placamant  and  tracking 
of  integrated  circuit  chips  on  a microwued  This  form  of 

cooftruction.  orthogonal  ti'acka  on  aithar  side  of  a diaiactnc  layar 
conr>aciad  by  etched  through-nolea.  has  tha  advantage  that  the 
holat  may  be  made  within  the  width  of  a track  Tha  algorithms 
prasaniad  are  tachr^ofogy  mdapar^dant  and  may  be  applitd  to 
any  intarconnection  system  which  incorporates  this  faatura 
initially,  tha  logic  is  placed  or.  a continuous  plana  from  this 
stale.  It  IS  gradually  transmuted  through  various  cellular  . iructuras 
dafir>ad  mitiallv  by  the  components,  and  finally  by  a combination 
of  tha  components  and  the^r  associated  tracks  The  culmm{*tiOn 
IS  an  arrangement  which,  at  all  stages,  is  determined  by  tha 
logic  and  not  the  technology  Author 

N74-13938  International  Business  Machines  Corp . Owago. 
NY 

ERGONOMIC  CONSIDERATIONS  07  INFORMATION 
0I9RLAY  AND  CONTROL  FOR  DESIGN  AUTOMATION 
SYSTEMS 

William  M Gadoas  /n  AGAHO  Computer  Aided  Design  for 
Electron  Circuits  Oct  1973  13  p refs  (For  availability  see 

N74-13E06  05-10) 

A method  is  described  for  ensuring  that  appropriate  considara- 
tior.a  be  given  to  the  requirements  of  tha  intended  users  during 
system  development  Trends  in  design  automation  systems  ire 
discussed  panicuisriy  with  respect  to  the  irKreesed  functior^ei 
integration  and  interaction  of  the  users  with  the  system  as  well 
as  annong  multiple  users  A method  1$  described  based  on 
user-onenied  flow  diagrams,  whch  is  intended  to  define  the 
user  requirements  A description  is  provided  by  which  these 
diagrams  are  used  to  establish  user  requirements  ard  to  establish 
a cornmunicaiK>n  link  between  \he  users  end  the  system  architects 
Orfficultiet  that  may  he  expected  with  regard  to  user  interfaces 
are  lilted.  arKj  the  value  of  the  method  for  establishing  arponomic 
design  arvj  evaluation  criteria  procadural  aids  and  maihods  and 
educational  materials  is  discussed  Author 
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1 1 FACILITIES,  RESEARCH  AND 
SUPPORT 

IrKludttft  4<rpons.  lunar  arxj  plarrata^v  bases  including 
asaociaied  vahicles.  ground  support  systems,  related 
logistics,  simulators  test  facilities  (eg  . rocket  engine  test 
starvls.  shock  tubes,  and  wind  tunnels),  test  rarvges.  end 
tracking  stations 


N7M6060/V  Advisory  Group  for  Aerospace  Research  and 
Oeveiopmenr  Pans  iFrance» 

SIMULATION  AGARO  CONFERENCE  PROCEEDINGS 

Jan  197  1 188  p refs  AGARO  Flight  Mech  Panel  Specialists 

Symp  neld  ai  Moffeu  Field  Cahf  i0  13Mar  1970 

(AGARO  CP  79  70'  Avail  NTiS 

CONTENTS 

1 SIMULATION  AN  INTRODUCTION  AND  SURVEY 
G F BrueningtDFVLR  Oberfaffenhafen.  W Ger  I 18  p refs  (See 
N71  16061  06  1 1) 

2 OBJECTIVES  OF  SIMULATION  A G Barnes  (Bntish 
Aircrah  Corp  . Preston  Engl  | 8 p i See  N7 1 ■ 1 6062  06- 1 1 1 

3 FLIGHT  SIMULATOR  MATHEMATICAL  MODELS 
IN  AIRCRAFT  DESIGN  A H Lee  (Boemg  Co  Seattle  Wasn  I 
23  p ref*  (See  N71  16063  06-1  U 

4 MOTION  visual  ANO  AURAL  CUES  IN  PILOTED 
flight  Simulation  K J Staples  (RAE  Bedford  £ngi»  25  p 
refs  (SeeN71  1 6064  06- M ' 06  M ) 

5 COCKPIT  ENVIRONMENT  J Pir.et  iSoc  Natl  Ind 
Aerospatiatei  l3  o refs  iSee  N7  1 • i 606o  06  i 5 1 

6 SOME  FACTORS  INFLUENCING  THE  CHOICE  OF 
A SIMULATOR  0 M McGregor  tNRC  of  Can  Ottawa  Or^tar.o) 
33  p refs  (See  N7  t I 6066  06  1 1) 

7 THE  SELECTION  OF  TASK  ANO  SUBJECTS  OF  FLIGHT 
Simulation  experiments  W O Breuhaus  and  R P Harper. 

Jr  tCornflll  Aeron  Lat)  Inc  ) 17  p lSeoN71  16067  06-11) 

8 ENGINEERING  ANALYSIS  M Monfori  (Centre  d Essais 
en  Voi  1st  res  Fra'cel  22  p refs  (See  N7  ) ■ 1 6068  06  1 ) I 

9 PILOT  ASSESSMENT  ASPECTS  OF  SiMUlATlON 
G E Coopor  and  F J Onnkwater  IN  (NASA  Ames  Res  Center) 
1?  p refs  (SeeN71  1 6069  06  1 1 1 

N71-16061e  Deutsche  Forschunys  und  Versuchsanstelt  fuer 
L’jl'  'J'^d  'T'far-'il  Op®  (arr<»nlinfor«  (^Orrr\%r\yt  trtgt  r,j«« 

Oyna/Tuk  utff  Flugsvsierne 

SIMULATION  AN  INTRODUCTION  ANO  SURVEY 
Gerhard  F Bruenmg  m AGARO  Simulation  Jan  1971  18  p 

refs  (See  N7l  16060  06  i l » 

Avar)  NTIS 

A revievv  15  giv  ?n  on  the  stale  o'  the  ©ft  of  s*muiat»on 
L'ncenred  control  m^ofcticai  aspects  of  simulation  are  discussed 
and  e*amp(es  of  fued  base  movmg  base  and  m fligh*.  simulator-, 
are  depiclflo  with  emphasis  on  the  V STOL  problem  Ground 
Simulators  for  environmef'fai  fariofs  "’e  analysed  with  respect  to 
motion  visual  anrj  ps',  chological  pararreters  and  methods  for  their 
Simulation  The  u'.e  Ot  pi/oi  opinion  rating  Ip-  evaluating  simutal«on 
• esulis  is  advocated  Oiftc'ences  between  simulation  on  the  g'Ound 
and  m the  air  a't  also  outlined  GG 

N71  1S062(ir  Bniish  Aircraft  Corp  Preston  (England! 

OBJFCTIVFS  OF  SIMUl  ATtON 

A G Barnes  /r  AGARO  Simulation  Jan  157  1 0 p 'See 

N7  1 1606c- 06  1 1. 

Avail  NTIS 

Sirnulal^O'iS  are  usr*cl  to  i I ' r)env>7  sla'emcnts  atxiul  propeff»e5 
of  a System  which  may  be  read  ac  oss  to  real  sriuations  l2l 


Preceding  page  blank 

provide  ■ framework  for  the  interpretation  of  enpenments.  13)  vnprrve 
a model,  and  (4)  suggest  further  experiments  Flight  simulation 
eap«rtfrieni£  provide  accelerated  development  of  aircrafts  at  reduced 
costs  by  defining  what  required  m order  to  transfer  results 
readily  with  increased  confidence  to  the  rea!  situation  and  thus  cut 
down  on  trial  and  error  aspects  G G 

N71-ie063f  Boeing  Co  . Seattle.  WarJi 

LIGHT  SIMULATOR  MATHEMATICAL  MODELS  IN 
AIRCRAFTOESIGN 

Alan  H Lee  In  AGARO  Sirnulatior'.  Jar.  1971  23  p refs 

tSee  N71  16060  06  i 1) 

Avail  NTIS 

Mathematical  models  are  discussed  from  tfie  viewpoint 
of  a flight  simulation  user  Aerodynamic.  fLght  control  system 
and  atmospheric  environment  n^odeis  are  stressed  Some  of  their 
considerations  are  discu'.sed  relative  to  aircraft  design  phases  A 
quasi  elastic  format  for  representing  the  aerodynamic  characteristics 
of  a large,  flexible  ji'crnft  is  described  It  i$  shown  that  storing 
aerodynamic  data  m digital  computers  as  sp'it  functions  has 
advantagas  Such  items  as  controi'er  feel,  hysteresis,  and  actuator 
characteristics  sfould  be  included  m *he  fhghi  control  syetari* 
mathematical  mocsl  Turbulence  and  wind  shears  are  essantiat  to 
any  realistic  simulation  program  The  von  Karman  power  spectral 
density  function  ■&  pieferrod  for  lurbuler'ce  generations  Emperical 
wind  shears  are  also  useful  Author 


N71-1SO04«  Royal  Aircraft  Establishment.  Bedford  (Engla^id) 
MOTION.  VISUAL  AND  AURAL  CUES  IN  PILOTED  FLIGHT 
SIMULATION 

K J Staples  fn  ,\C'iAR0  Simulation  Jan  1971  26  p refs 

(See  N7)  16060  06  11) 

Avail  NTIS 

The  mam  characteristics  of  motion  visual  and  aural  cues, 
are  discussed  for  the*'  integration  into  pilot  flight  simulation  studies 
on  variable  stability  aircraft  Areas  of  relevance  and  importance  are 
defined  for  each  of  (he  cues  and  their  interaction  anj  substitution 
of  one  by  another  is  considered  It  is  proposed  that  the  principal 
attraction  of  simulation  is  speed  and  versatility  m obtaining  valid 
results  for  opiimoi  man  machine  integration  G G 


N71-1B065f  Societe  Nationaie  Industneiie  Aerospanal.  Toulouse 
iFrance) 

COCKPIT  ENVIRONMENT 

Jean  Pmet  /i  AGARD  Simulation  Jan  1971  13  p refs  (See 

N7  1 leC^O  06  11) 

Avail  NTlS 

Various  inputs  of  (he  simulation  environment  dur  ng  Concorde 
cockpit  deveiopme-it  are  considered  Computerued  simulator 
trials  started  out  with  the  variable  stability  Mirege  38  aircraft  by 
considering  external  and  internal  visual  displays  mertial  perceptions 
end  aural  re'ception  and  verbal  cominunicaiions  Confrontation 
between  simulation  objectives  and  inputs  and  ojtputs  of  the  crew 
members  transfer  functions  With  resu'ts  from  the  vafiOuS  mdices 
was  used  to  define  the  environment  simulation  degree  G G 

N71-1B066*  N,;t'0nal  Research  Council  r>l  Candida  Ottawa 

(Ontario) 

some  FACTORS  INFLUENCING  THE  CHOICE  OF  A 
SIMULATOR 

0 M McGregor  In  AGARO  Sirrutalion  Jan  1971  33  p 

refs  tSee  N7  ’ 16060  06  1 l - 
Avail  NTIS 

Some  o'  the  rneans  by  which  fi^e  pilot  de'ives  motion 
informaliur»  o .'mg  flight  and  ath*mDis  10  highi.ght  some  of  the 
areas  m wn,.:b  roecific  simuiaio'  '.haracier 'siics  are  required  to 
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obttto  v#lK)  results  ere  outlined  O'ecussione  of  several  shortcom- 
ings of  present  hardware  that  must  be  overcome  before  specific 
tasks,  such  as  low  attitude,  lov.  speed  rT>«.neuvenng  flight  can  be 
Simulated  adeduateiy  end  the  OiMicuities  of  achieving  a thorough 
ufKlerstarvJing  of  the  man-machine  system  are  presented  Author 


N71  Cornell  Aeronautical  Lab  Inc  Suffaio.  N Y 

THE  SELECTION  OF  TASKS  AND  SUBJECTS  OF  FLIGHT 
SIMULATION  EXPEftlMCNTS 

Weldemar  0 Beuhaus  and  Robert  P Harpei  jr  /n  AOARQ 
Simulation  Jan  1971  17  p (See  N7  1 • 1 6060  06  1 1 1 
Aveil  NTIS 

The  limitations  of  various  simulators  directly  affect  the 
Simulation  tasks  which  can  be  pefforrr.ed  and  hence  affect  the 
vehony  of  the  evaluation  results  obtained  Ti.e  ability  of  simulate* 
pilots  to  produce  valid  and  repeatable  evaluations  which  are 
applicable  to  the  ieo>  world  situation  can  be  no  better  than  the 
accuracy  with  which  the  simulator  tasks  represent  (he  essential 
characteristics  of  the  real  world  Certain  considerations  in  the 
seiectiQr'.  of  Simulator  tasks  are  discussed  and  problems  are  set 
forth  which  should  be  considered  m the  design  of  simulation 
experiments  The  selection  and  preparation  of  evaluation  pilots  are 
discussed  in  terms  of  the  factors  which  appear  to  have  substantial 
effects  upon  the  program  resufts  Experience  m the  real  world 
mission  IS  one  of  several  key  elements  which  greatly  enchances  the 
evaluation  results  Preparation  of  subiecis  considers  the  importance 
and  nature  of  communication  between  the  subiect  pilot  and  the 
analyst  and  pantcipaiion  of  the  subjects  m the  experimental 
design  Author 


N71  16068#'  Centre  d £isa;i  cn  Vo!,  fst.'c:  (Franco) 

ENGINEERING  ANALYSIS 

M Monfort  m AGARO  Simulation  Jan  197  1 22  p refs 

(See  N7  1 16060  06-11) 

Avail  NTIS 

The  mixing  of  several  simulation  methods  is  advocated 
for  engineering  analyses  on  flight  mechanics  Emphasis  is  placed  on 
analysis  of  the  pilots  behavior  for  integration  m the  man-machine 
system  by  application  of  statistical  and  response  surface  techniques 
to  both  pilot  ratings  and  pilot  comments  m measuring  the  pilot  s 
workload  q q 

N71-16069V  National  Aeronautics  and  Space  Administration 

Ames  Research  Ceniei.  Moffett  Field.  CaU 

PILOT  ASSESSMENT  ASPECTS  OF  SIMULATION 

George  E Cooper  and  Fred  ^ Onnkwater  Ml  m AGArtO 

Simulation  Jar  1971  1 8 p refs  i See  N7  1 1 6060  05  1 1) 

(NASA  TM  X 66583J  Avail  NTlS  CSCL05H 

Pilot  assessment  aspects  of  flight  simulation  '•onsider  the 
use  of  pilot  ratings  »o  the  evaluation  of  aircraft  handling  qualities 
Critical  questions  raisF  S by  pilots  are  examined  and  discussed  m order 
to  develop  solutions  and  improve  understanding  It  is  important 
to  involve  the  p:iot  as  early  as  possible  in  deve'oping  a piloted 
Simulation  program  by  considering  complaints  arising  from  simulation 
experiences  as  wen  as  questions  ansmg  related  to  the  pilot  s actual 
paiticipation  111  the  planning  ar  d conducting  of  experiments  the 
Simulation  facility  and  the  analysis  of  results  Author 


N71  34263#  Advisory  Group  for  Asrotpscs  Research  and 
Dsvelopmeni.  P$n%  (Francs) 

INVENTORY  OF  ACOUSTIC  FATIGUE  TEST  FACILITIES 
IN  THE  NATO  COUNTRIES 

6 L CisrLson  (Southampton  'Jniv ) Jul  1971  IS  p refa 
(AGARD-R-5S4-71  AGARO  Rapt  584)  Avail  NTIS 

Thg  acoustic  tsst  fscihites  for  NATO  are  listed  as  of  1969 
The  characteristics  of  the  noita  generators  including  frequency 


eour^  levels,  end  typ^caf  spectrum  provided  are  tabuleted 
The  inatrumsntation  and  data  er^ysia  syatems  art  alao  tabulated 
for  aech  facility.  F.O  S 


N72-12162#  Advisory  Group  for  Aerospace  Research  and 
Development,  Pans  (France) 

FACILITIES  AND  TECHNIQUES  FOR  AERODYNAMIC 
TESTING  AT  TRANSONIC  SPEEDS  AND  HIGH  REYNOLDS 
NUMBER 

R C Psr^khurst  Oct  I97l  lip  refs 
(AGARO-AR  37-71}  Avail  NTIS 

Scale  effects  on  various  flow  phenomena  and  for  various 
body  shapes  are  discussed  Techniques  are  given  for  simulating 
the  effects  of  higher  Reynolds  numbers  The  requirements  and 
types  of  experimental  idcihties  which  can  d...hieve  high  Reynolds 
numbers  at  transonic  speeds  are  considered  Author 


N73-18260/(f  Advisory  Group  for  Aerospace  Research  and 
Development  Pans  (France) 

AERODYNAMIC  TEST  SIMULATION  LESSONS  FROM  THE 
PAST  AND  FUTURE  PROSPECTS 

Julius  Lukasiewicz,  ed  (Carleton  Umv  ) Oec  1972  39  p refs 

Presented  at  AIAA  lOlh  Aerospace  Sci  Meeting  Panel  Discussion. 
Sen  OieQO.  Calif.  19  Jan  1972 
(AGARD  R 603)  Avail  NTIS  HC  $6  SO 

Developments  in  aerodynamic  test  facilities  used  by  goverri- 
meni  university,  and  industry  are  d'scucsed  The  following  topics 
are  reported  (1)  assessment  cf  past  experience.  (2)  present  status 
*nd  tetu'e  prospects  of  aerodynamic  and  au  breathing  propul- 
sion testing  m all  speed  regimes.  (3)  ground  test  and  flight 
comparisons  (4)  free  flight  test  techniques,  and  (5)  the 
development  of  aerodynamic  testing  A review  of  the  maior  West 
European  wind  tunnels  and  a discussion  of  aerodynamic  test 
faculties  in  the  United  States  are  included  m two  appendices 

Author 

N73-20269))f  Advisory  Group  for  Atroepace  Reseerch  and 
Development.  Paris  (FranctK  Larga  Wind  Tunnela  Working  Group 
THE  NEED  FOR  LARGE  WIND  TUNNELS  IN  EUROPE 
Dec  1972  86  p rata 
!AGAR0  AR-60)  Avail:  NTIS  HC  $7  00 

The  Report  of  the  Large  Wir>d’Tuhnelt  Working  Group  of 
the  AGARO  Fluid  Dynamics  Pansls.  follows  oins  meetings  between 
December  1971  arx]  November  1972  Review  of  existing  potition 
end  future  prospects,  the  role  of  the  wind-tunnel  m reseerch 
and  devek>pmeni.  existing  European  wind-tunnels  present  national 
plans  for  wind-tunnels,  future  needs,  options  for  new  large 
fow-apeed  ar>d  transonic  tunnels,  a proposed  time  schedule  for 
provision  of  new  tunnels,  and  proposals  for  a coMaborstrve  work 
progra  iri  to  clarify  existing  prOtil«m»  m wind-tunnel  dssign  srxj 
operation  M is  concluded  that  the  first  nnonty  it  for  a new 
large  pretsuri/ed  transonic  wind-tunnel  m Europe,  four  possibla 
options  for  resluation  of  thiv  need  are  given,  and  an  Engineering 
Study  la  propoeed.  w-  n a Work  Statament.  to  assess  ana  evalusts 
the  engir^eenog  requnements  of  the  Oviiona  The  second  pnonry. 
of  importance  almost  squai  to  the  first,  is  for  a new  large  iow-speed 
wir>d-tunnel  This  should  be  of  18  m or  25  m width,  the  Group 
has  not  been  able  to  egree  between  these  figures  Provision  of 
new  European  supersonic  and  hyneraomc  facilitias  should  begin 
when  the  subsonic  and  transonic  rsquirements  have  been  met. 
long  term  technical  needa  for  these  are  defined  Author 


N 73- 26239#  Advisory  Group  for  Aerospace  Research  ar>d 
Development.  Pans  (Frer-ce) 

PROBLEMS  IN  WIND  TUNNEL  TESTING  TECHNIQUES 
Apr  1973  165  p reft 

(AGARD-R  601.  AGARD  601)  Avail  NTlS  HC$102S 

dei'Qn  and  op#feiioo  nl  l§rg«  wind  tunnel*  for  low 

speed  and  transonic  spaed  conditions  ere  described  Tr.e  tubiects 
discussed  include  the  following  (1)  methods  for  correcting  wall 
constrain*!  m transonic  wmd  tunnels.  (2)  ifiterference  effects  of 
model  support  systems.  (31  minimum  required  rnessunng  times 
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to  podofm  intioiionorv  mMturtmtntt  m ircAftonic  tunn«l«.  (4) 
wind  luno«l  roouir«m«nts  for  hohcopttrt.  «r.d  (6^  tcoutlic 
cootidorationt  for  ix)«4o  t«pfrtm«nti  moriol  «col«  m }u6ooo»c 
wirtd  tunoola  For  tndivtdual  talat.  m«  N73-26240  throuo^ 
N73  24247 

N73-24240  Von  Karman  lost  for  Ftu)d  Dvr>amica.  Rf>odo*Satot* 
0«rt«M  (Btfgium). 

Review  OF  SOME  RRORUM3  RCLATEO  TO  THE  OERION 
AND  OFERATION  OF  LOW  SPEED  WIND  TUNNELS  FOR 
V/STOL  TESTING 

MariO  Carbonaro  tn  AGARD  ProW  tn  Wind  Tunr>al  T«t(ir>g 
Tach  Apr  1973  24  p raft  (for  avaiiabinty  aaa  N73'26239 

17-11) 

A raviaw  it  mada  of  a nurt\bar  of  op^srat»onai  problama 
ataociaiad  wtih  tha  wind  unreal  tasimg  of  V/STOL  aircraft 
•r.-c(udir>g  halicoptart  Tha  following  tub|ac*t  art  ditcutaad  (1) 
wall  cor«traintt  (2)  uta  of  vantilatad  walla.  (3)  taatmg  for 
grour>d  affact.  end  (4)  flow  diaiurbar^caa  in  tho  tunnal  circuit 
Mathamaiicai  modaia  2*^  davalopad  to  clarify  tha  thaoratical 
aapacta  of  wind  tunnal  oparatio:?  Author 

N73>262  41  Avions  Marr.«|  Oaaaault  Bragutt  Aviation.  Samt 
Ooud  (Frar%ca)  Aarodynamica  Dapt 

SURVEY  OF  METHODS  FOR  CORRECTING  WALL  CON 
8TRAINTS  IN  TRANSONIC  WIND  TUNNELS 
Jaan-Ch  VaySMira  in  aGARO  ProbI  m Wirvd  Tunrel  Taatutg 
Tach  Apr  1973  48  p raft  (for  availab.lity  aaa  N73-26239 

1711) 

Tha  uaa  of  vantilatad  wada  m tranaonic  wind  lunnaia  and 
tha  affact  on  wall  mtarfaranca  corraciions  are  d acuiaad 
Mathamaiicai  applications  of  tha  axtrema  cases  of  iisro  par- 
maability  arid  infir.ita  permeability  are  axammad  The  aolut<ona 
are  compared  and  tha  characteristics  of  theoretical  working 
aactiona  are  analyiad  Mathematical  modala  are  provided  to 
support  the  thaoratical  considarationa  Author 

N73  2B242  Aircraft  Research  Association.  Ltd  Bedford 
(England) 

INTERFERENCE  EFFECTS  OF  MODEL  SUPPCr*T  SYS- 
TEMS 

6 C Carter  In  AGARO  ProbI  m Wind  Tunnel  Testing  Tech 
Apr  1973  10  p refs  Ifor  availability  see  N73  26239  17  11) 

The  forms  of  interference  occurring  m subsonic  and  transonic 
wind  tunnels  due  to  model  support  systems  era  discussed  'wo 
types  of  modal  attachment  rear  stmg  and  veaicai  blade  a.my 
are  considered  and  the  form  end  magnitude  of  interference  teima 
are  given  for  some  particular  asamples  The  buoyancy  mtartereiKa 
in  the  working  section  due  to  a typical  stmg  )Oint  and  *oM 
mechanism  behind  a modal  is  considered  and  the  affect  on 
drag  IS  avaluarad  for  two  typical  bodies  Author 

N73-26243  Natioriaal  Ljcht  an  RuirntavaarriabcrstoMum. 
Amstardarri  (Netherlands' 

MINIMUM  REQUIRED  MEASURING  TIMES  TO  PERFORM 
instationary  measurements  in  TRANSONIC  WIND 
TUNNELS 

J W G VanNunen,  G Coupry  tONERA.  Chatillon-sous  6agr>aoK 
France),  and  H Foersching  (OFVLR.  Goeiiingen,  West  Germany) 
In  AGARO  ProbI  m Wmd  Tunnel  Testing  Tech  A^  t 1973 
2 p refs  (for  availability  see  N73  26239  1 / 1 1) 

The  minimum  required  run  times  for  mstetionary  rneasurit- 
ments  al  transonic  speeds  during  wind  tunnel  tests  are  snalyzeri 
The  subfecis  discussed  are  (I)  mststionary  pressure  maasuramani 
techniques.  (2)  flutter  tests.  (31  buffet  rneasurements.  and  (4) 
cross  correlation  techniques  It  is  concluded  that  present  test 
methods  require  a minimum  running  time  of  ten  seconds  ft  is 
suggested  that  new  test  techniques  may  reduce  the  limii 
requirement  Author 


N73-24244  Royal  A. .craft  Citafc-  ihrr.er.t,  Bedford  (Eng'eryJ) 

some  CONSIDERATIONS  Of  TESTS  DYNAMIC 

CONDITIONS  IN  LOW  SPEED  WIND  TUNNELS 
0 N Foster  In  AGARO  ProbI  m Wind  Tunnel  Testing  Tecri 
Apr  1973  4 p refs  (For  svsiisbiiity  see  N73  26239  1711) 
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The  obiectives  of  dynamic  tests  cor^octed  m low  sp^ed 
wind  tunnels  are  examined  for  a number  of  Specific  problerns 
for  measurements  under  static  conditions  it  is  poasible  that  special 
techmquas  and  new  equipment  will  be  required  The  two  gerseral 
ereai  of  consideration  sre  (1)  measurement  of  oscillatory 
derivatives  ar\d  (2)  messurement  of  transient  motions  caused  by 
gusts  and  ground  effect  It  is  concluded  that  the  mem  requirements 
for  date  reievan;  to  dynamic  effects  can  be  met  under  static 
conditions  over  a wide  ange  of  variables  Author 

N73-2B24S  Deutsche  forechungs-  und  Versuchsenstalt  fuer 
Luft-  ur>d  Reumfahn.  Goettingen  (West  Germany).  Aerodynam- 
•sche  Versuchsenstalt 

USE  OF  MODEL  ENGINES  (V/8/CTOU 
E Mailer  end  R Wulf  In  A'iARD  ProbI  in  Wind  Tunnel 
Testing  Tech  Apr  1973  i7  p refs  (for  svailabtlity  see 
N73  26239  17-1  1) 

The  tpecidl  conditions  required  to  conduct  wmd  tunnel  tests 
of  jet  aircraft  er^Qines  are  examined  The  capabilities  for  simulation 
in  atmospheric  tunnels  are  discussed  The  problems  of  testing 
tu  pressunxed  tunnels  are  analysed  An  estimation  of  the  energy, 
the  plants,  and  the  test  equipman:  required  for  engine  simulation 
arj  listed  Author 

N73-26246  Westland  Helicopters  Ltd.  Veouil  (England) 

WIND  TUNNEL  REQUIREMENTS  FOR  HELICOPTERS 
I A Simons  and  H Oerschrr.idi  (MBB  Munich)  In  AGARO 
ProbI  in  Wind  Tunnel  Testing  Tech  Apr  1973  10  p refs 

(For  availability  see  N73  26239  17  11) 

The  sires  of  model  which  are  most  suited  to  various  aspects 
of  wind  luniiet  tests  of  helicopters  are  defined  The  scaling  laws 
and  associated  constructional  problems  of  small  scale  rotor 
systems  are  discussed  Tunnel  sues  are  suggested  for  various 
ranges  of  model  site  based  on  a conr. deration  of  interfe*ence 
effects  Author 

N73-26247  Royal  Aircfsh  Establishment.  Fsmbo-ough  (England) 
Aerodynamics  Dept 

ACOUSTIC  CONSIDERATIONS  FOR  NOISE  EXPERIMENTS 
AT  MODEL  SCALE  IN  SUBSONIC  WIND  TUNNELS 

T A Holbeche  and  J Williams  In  AGARO  ProW  in  Wind 
Tunnel  Testing  Tech  Apr  1973  30  p refs  (For  svaitabilily 

toe  N73  26239  l7  l 1) 

Acoustic  consideration',  for  noise  experiments  at  model  scale 
m subsonic  wind  tunnel?  are  presented  Emphasis  is  placed  on 
similarity  to  flight  test  conditions,  npise  measurement  constraints 
on  model  and  tunn«i  sizes,  the  parasitic  effects  of  background 
notsc.  and  the  various  factors  contributing  to  the  generation  of 
noise  The  specific  contributions  to  tunnel  noise  from  the  lun.iel 
drive  fan.  the  tunnel  circuit,  the  test  section  mainstream  flow 
and  the  padicuiar  test  section  boundary  conditions  are  dis- 
cussed Author 

N74-16907e  Advisory  Group  for  Aerospace  Research  and 
Development.  Pans  IFrancei 

PROBLEMS  Of  WIND  TUNNEL  DESIGN  AND  TESTING 
Dec  1973  l79  p refs  Mostly  m ENGLISH,  pertly  in 

FRENCH 

lAGARO  R 6OO1  Avail  NTIS  HCS12  00 

The  design  and  operation  of  low  speed  and  transonic  wmd 
tunnel  are  discussed  Emphasis  is  placed  on  possible  future  large 
wind  tunnels  for  Europe  The  subjects  discussed  are  ( 1 ) transonic 
Ludwiog  tube  wind  tunnel  (2)  system  for  generation  of  quiet 
transonic  tIows  for  model  testing  at  high  Reynolds  number  (3) 
the  injector  driven  wmd  tunnel,  and  (4)  facilities  for  aerodynamic 
testing  at  hypersoiuc  speed  For  individual  Idles  see  N74- 16986 
through  N74  l 6993 

N74  lesaS  Royal  A ireraft  Establishment  Famborough  (Eng 
land) 

SOME  CONS.  JERATION8  Of  FUTURE  LOW  SPEED 
TONNE'S  FOR  EUROPE 

A Spence  and  B M Spee  (Natl  Aem  and  Astronaut  Res 
Inst  Amsterdam)  In  AGARO  ProbI  of  Wind  Tunnel  Design 
and  Testing  Dec  1973  10  p Prepared  m cooperation  with 
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N«|l  A«ro-  and  Astronaut  R«s  Inst  . Amstardarn  (For  availatXitv 
SM.  N74-1690'’  08  11) 

Two  Mr«$  of  pos5«bi€  future  low  spaed  wmdtunneis  have 
been  studied  The  first  senes  are  high  Revnolds-number  tunnels 
having  a procvcl  of  working  section  width  in  metres  and  meiimunt 
pressure  m atmospheres  kept  constant  at  a value  of  45  but 
including  in  ad*J«tion  a 60m  atrrtosphenc  tunnel  The  second 
ser^s  comprises  atmospheric  tunnels  of  widths  ranging  from 
8m  to  25m.  and  these  are  of  more  modest  cost  and  generally 
lower  capebiiity  than  tha  firsi  series  Very  broad  astimaies  of 
potaibfa  capital  and  running  costs  are  given  as  an  irrdication  of 
the  scale  of  expenditure  which  might  be  involved  rvo  precise 
q iotations  have  been  obtained  Brief  statements  are  made  of 
tfvt  c4pab<lities  of  the  tunnels  considered  Each  senes  m turn 
api'eari  to  offer  attractive  possibilities  for  future  provision  of 
low  speed  tunnels  m Europe  Author 

f974-18988  Deutsche  Forschungs  und  Versuchsanttall  fuer 
Luft-  und  Raumfahrt  Ooettmgen  (West  Germany)  Inst  fuer 
Stroemungsmechanik 

PROJECT  STUDY  OF  A LARGE  EUROPEAN  TRANSONIC 
LUDWIEO  TUBE  WtNOTUNNEL 

H Ludwiag.  H Grauer  Carstensen  and  W Loreni-Meyer  fn 
AGARO  ProbI  of  Wmd  Tunnel  Uesign  and  Testing  Dec  19'^3 
22  p refs  (For  availability  see  N74  16967  08  11) 

•'«  xtudy  of  a transonic  Ludwieg  Tube  wind  tunnel  is  presented 
For  a reliable  extrapolation  of  wmdtunnal  measurements  to 
full-scele  flight  conditions  of  modem  aircraft,  a realistic  sir^.ulation 
of  flight  Reynolds  numbers  at  transonic  speeds  becomes 
increasii^gly  important  It  is  shown,  how  the  need  for  a high 
Reyrsplds  number  experirnental  facihtity  can  be  satisfied  by  a 
Ludwieg  Tube  tunnel  The  Ludwieg  Tube  is  characteriied  by  its 
unsurpassed  simplicity  which  guarantees  a high  degree  of 
reliability  Design  data,  dimensions,  and  cost  estimates  for  the 
described  tube  wind  tunnel  are  presented  The  basic  fecility 
charecienstics  are  g:ven  Author 

N74>16990  Royal  Aircraft  Establishment  Bedford  (England) 
THE  DEVELOPMENT  OF  AN  EFFICIENT  AND  ECONOMICAL 
SYSTEM  FOR  TH*  GENERATION  OF  QUIET  TRANSONIC 

Flows  suitalle  for  model  testing  at  high 
REYNOLDS  NUMBER 

P G Pugh  /n  AGARO  ProbI  of  Wind  Tunnel  Design  and 
Testing  Dec  1973  17  p refs  (For  availability  see  N74  16987 
08  11) 

Current  work  on  the  development  of  the  ECT  drive  system 
IS  reviewed  It  is  shown  that  thi<  is  a particularly  economical 
ar>d  effactive  means  of  providing  a radical  improvement  m the 
Reyrspids  numbers  at  which  transonic,  wind-tunnel  tests  can  be 
performed  Experimental  uails  which  confirmed  (he  practicsbility 
of  the  essential  features  of  this  system  are  described  end  the 
problems  of  optimizing  (he  design  of  a particuler  wmd-tunnei 
are  discussed  Author 

N74-16991  Office  National  d E'udes  et  de  Recherches 
Aerospatiales.  Paris  (France) 

THE  INJECTOR  DRIVEN  TUNNEL 

Pierre  Camere  fn  AGARD  ProDi  of  Wind  Tunne*  Design  end 
Testing  Dec  1973  56  p refs  (For  availability  see  N74  16987 
08-11) 

The  development  and  characteristics  of  an  injector  driven 
wind  tunnel  are  described  The  subjects  diKussed  are  (1)  methods 
for  evaluating  and  opiimi/ing  the  performance  m steady  continuous 
flow.  (2)  anefysis  of  unsteady  phenomena  during  the  wind  tunnel 
Starr  end  (3)  problems  of  intense  noise  generated  by  (he  jets 
Indications  on  the  orders  of  magnitude  of  basic  technological 
data  Sketches  of  the  active  pan  of  the  induction  dnvan  tunnel 
and  a graph  of  the  thermodynamic  cycle  are  presented  Author 


N 74  18992  Insfitut  Aerotechmque  t-e  Sami  Cyr  Saint  Cyr  l EccHe 
tFrence) 

HYDRAULIC  COMPRESSOR  WIND  TUNNEL  [SOUFFLERIE 
A COMPRESSEUR  HYORAULIQUEl 

Maurice  Menard  and  Francis  Chomeion  in  AGARO  ProW  of 


Wind  Tunnel  Design  and  Testing  Dec  1973  28  p refs  In 

FRENCH  (For  availability  see  N74  16987  08-111 

A description  is  given  of  a '.'Olor  *'2’  transonic  wind 

tunnels  with  Icrge  Reynolds  lumbers  The  mstellenon  and  its 
functions  were  also  de:  cnbed  Theoretical  studies  were  made  of 
thermodynamic  cycles  based  on  the  possible  evolution  of  power 
absorbed  by  the  mstatlation  Data  are  also  given  on  the  economics 
of  the  wind  tunnel  project  technological  solutions  proposed,  and 
proper  reservoir  construction  Trf:nsl  by  E H W 

N74- 16993  National  Aerospace  Lab  Amsterdam  (Nether 
land^) 

FACILITIES  FOR  AERODYNAMIC  TESTING  AT  HYPER- 
SONIC SPEEDS 

F Jaersma  ar>d  W B OeWolf  /n  AGARO  ProbI  of  Wmd 
Tunnal  Design  and  Testing  Dec  1973  40  p refs  (For  availability 
see  N74-16987  08  1 1 1 

An  assessment  is  made  of  the  usefulness  and  potential  of 
existing  European  hypersonic  facilities  on  the  bas's  of  the  planned 
U S space  shuttle  protect  and  a hypothetical  hypersonic  transport 
aircraft  With  respect  to  aerodynamic  testing  of  space  shuttle 
type  of  vehicles  it  is  pointed  out  that  a significant  gap  exists 
between  M • 10  and  M 15  At  low-hypersonic  Mach  numbers 
the  facilities  m Europe  will  generally  meet  the  minimum 
requirements  for  testing  hypersonic  transport  models  European 
capabilities  appear  to  be  rather  similar  to  those  m the  U S 
hypersonic  wind  tunnels,  r^c^gn  h©  U $ capabilit-es  will  be 
increased  considerably  ir  the  near  fu:'jre  It  is  further  concluded 
that  European  facilities  laM  short  m iheir  ;®Hormance  of  what  rs 
required,  m the  field  of  propulsion  (including  supv  sonic  combus- 
tion tests)  and  also  of  hardware  testing  Author 
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Includes  boundary  leydf  flow  compressible  flow  get 
dynemics.  hydrodynamics,  and  turbulence  For  related 
information  see  also  01  Aerodynamics,  and  33  Thermo 
dynamics  and  Combustion 


N71-26073II'  Advisory  Group  for  Acrosoace  Research  and 
Development.  Raris  (France) 

REPORT  OF  THE  HIGH  REYNOLDS  NUMRCR  WIND 
TUNNEL  STUDY  group  OF  THE  FLUID  DYNAMICS  PANEL 
Apr  197  1 24  p refs 
lAGARD  AR  35  7 1 ( Ava.I  NTiS 

The  working  group  considered  transonic  -.v-nd  ;unne) 
performance  and  operating  cna-' dcte‘>5.i ics  reijui.-c<l  !o  suppon 
evolution  o)  mil-tary  a d ci'.il  tse'u  iau'i  .di  a"-  ‘ ar*'Uii  act*  Svi»!en'.S 
during  (ne  - omtng  decado  The^e  .:o 'bide-aiioMS  vilong  .-..ih  a 
revievL  of  expeuence  or.  mo.Jel  testing  ai  tia'iNonic  speeds  led  lo 
the  conclusion  that  ;ho  NATO  n<»;ions  stioulu  acquire  as  soon  ay 
possible  two  types  Ol  n»;v*.  V.  irid  tunnels  One  f-.i'»ncl  shoulo 
duplicate  transonic  Might  Rc.-.oids  numbL-iS  a-"':  t'a.e  a •uri  time  or. 
fhe  orde:  of  one  soco ’.0  Trie  >'.'cond  s-ic'..'lcl  tijv'  a 16  (1  tes« 
section  and  should  p.o.ide  Re,-io!ds  • umb»?rs  inat  <*:<;  3 o 4 tuties 
the  rnaximurn  p.'esei  M,  avaiiai;x*  '.mM'  a .•ur  I'mu-  v>-  me  okJc'  c-i 
10  seconds  M was  aiso  concluded  that  AOAftO  should  suppon 
current  research  ana  devciopn'.C  'i  m design  cpe'at  on  and  tesi 
techniques  m l.'ai'isumc  lunnr-K  tjf  the  r.un'.i.Hious  convenl'ona' 
b!p  dc  r.  jr.d  iwu-:  u.i.j  i.ioi  A^jAnO  >i»ou'o 

encouragfe  expansion  ;;l  ii.i.'si-  aLh^it.es  m th»'  (ut-i'f  Muiho- 

N72-1S269#  Advisory  Group  for  Aerospace  Research  end 
Oevetopmertt.  Pens  ffrence) 

TABLES  OF  INVI8CID  SUPERSONIC  FLOW  ABOUT 
CIRCULAR  CONES  AT  INCIDENCE.  GAMMA  EQUALS  1.4. 
PART  3 

0 J Jonee  (Natl  Aeron  Estab . Ottawa  Ontario)  and  W J 
Reinbird.  ed  (Certeton  Univ ) Dec  1971  1 72  p refs 

(AGARDogreph- 137.pt  3.  AGAHO  AG  1 37  7 1 -PT-3. 

UOC-633  69C4  533  6 01  1 5 0831  Avail  NTlS 

Tabulated  results  are  presented  for  half  cone  angles  of  45. 
47  5.  50.  52  5.  and  57  degrees  wah  Mach  numbers  ranging 
from  3 to  20  Author 


N72-20273/^  Advisory  Group  for  Aerospace  Research  and 
Development.  Pans  (France) 

TURBULENT  SHEAR  FLOW3 

Jan_  1972  606  p refs  Presented  at  the  Fluid  Dyn  Panel 

Specialists  Meeting.  Londor.  13-15  Sep  1971 
(AGARO  CP-93)  Avail  NTlS  HCS6  00  MFS0  96 

Turbulent  shear  flows  such  as  boundary  layers,  jets,  and 
wakes  were  investigated  for  nonieactmg  gas  flow  Fnctors 
cooaidared  were  the  basic  structure  of  equilibrium  shear  flows 
arnJ  the  influence  of  compressibility  pressure  gradients,  surface 
curveiure.  three  dimensional  flows.  no*se  density,  and/of 
temperature  grajienis  For  individual  titles,  see  N72-20274 
through  N72  20307 

N72-20274/V  Imperial  CoH  of  Science  and  Technology.  Loixfon 

(Er>gland}  Dept  of  Aeronautics 

VARIATIONS  ON  A THEME  OF  PftANOTL 

Peter  Bradshaw  In  AGARO  Turbulent  Sh..^*  Flows  Jan  1972 

10  p reft  (See  N72  20273  ill?) 

Avail  NTIS  HCS6  00  MF$095 

Venaties  of  complex  turbulent  Mow  which  are  important  m 
enginaenng  are  recognized  as  penurbations  of  classical  thin 
fbear  layers  to  which  Prs-ndtl's  approximation  applies  The  types 


distinguished  are  (1)  shear  layers.  <2)  shear  layers  perturbed  by 
small  additional  strain  rates  which  produce  appreciable  changes 
in  turbulence,  and  (3)  shear  layers  perturbed  by  large  additional 
strain  lates  Examples  are  airfoil  boundary  layers  .nergmg  into  a 
wake,  boundary  layers  on  curved  surfaces,  and  reattaching  shear 
layers  The  essential  phenomena  of  these  turbulent  flows  ere 
discussed,  and  it  is  concluded  that  a program  of  turbulettce 
measurement  should  enable  calculation  methods  tc  be  extended 
to  a wide  range  of  complex  flows  A discussion  of  the  general 
types  of  calculation  methods  suitable  for  complex  flow*  is 
included  Author 

N72-20276#  Michigan  Univ . Ann  Arbor  Dept  of  Aerospace 
Engineering 

STRUCTURE  OF  THE  REYNOLDS  STRESS  NEAR  THE 
WALL 

W W V Mlmanh  and  S S Lu  In  AGARD  Turbulent  Sheer 
Flows  Jan  1972  20  p lefs  (See  N72-202 73  1 1 1 2) 

(Contract  N000I4  67  A-0181-0015) 

Avail  NTIS  HC  $6  00,  MF  $0  95 

Experimental  studies  are  reported  on  the  flow  field  near  the 
wall  in  a turbulent  boundary  layer  using  hot  wire  probes 
Meesuremenis  of  the  product  uv  were  made  usmg  conditional 
sampling  and  with  the  aid  of  a digital  computer  The  entenon 
used  to  determine  when  uv  was  to  be  sampled  was  when 
streamw’se  valociiy  at  the  edge  of  the  sublayer  had  attained  a 
certain  value  It  was  found  »hat  60%  of  the  co.iinbulion  to  uv 
occurred  when  the  sublayer  velocity  was  lo  ver  man  mean 
velocity  Measurements  involving  correlation  of  truncated  u and  v 
signals  revealed  that  iho  largest  ponion  of  Reynolds  stress  and 
turbulent  energy  components  occurs  when  u * 0.  v > 0.  or 

during  an  intense  bursting  procet^s.  the  remainder  occur  during 
recovery  Contributions  to  the  production  ot  turbulence  and 
Reynolds  stress  at  a pemt  near  me  wall  are  of  large  magnitude 
short  duration,  and  intermittent  A rough  measure  of  the 
•ntermittency  factor  for  uv  is  0 56  Author 

N72-20276#  Ati  MarseiHes  Univ  (France)  Inst  de  Mecamqua 
Statistique  de  la  Turbulence 

SPECTRAL  distributions  OF  THERMAL  FLUCTIIA 
TIONS  IN  A TURBULENT  BOUNDARY  LAYER  (REPARTI- 
TIONS SPECTRALES  OES  FLUCTUATIONS  THERMIQUES 
DANS  UNE  COUCME  LIMITE  TURBULENTEI 
L Fulachier  and  P Dumas  In  AGARD  Turbulent  Shear  Flows 
Jan  1972  10  p refs  In  FRENCH  ENGLISH  summary  (See 

N72  20273  1112) 

Avail  NTIS  HCSeOO  MF$0  95 

Temperature  fluctuation  spectra  and  spectral  distributions  of 
tArnperatiir A vaIociIv  were  measured  m a turbulent  boundary 
layer  on  a heated  flat  plate  The  method  ol  fluctuation  diagramming 
was  used  for  frequency  filtered  signals  m order  lo  meesure 
spectral  correlation  distribution  A cu'’*parison  of  thermal  spectra 
and  three  velocity  components  is  presented  from  the  internal 
zone  as  far  as  the  adge  of  the  boundary  layer  Balance  equations 
are  given  for  r-per  irel  distributions  relative  to  lemperaiure  and 
the  sum  Qin)  for  the  spectra  of  the  velocity  comporients 
Spectral  distributions  of  prod'iciion  terms  and  molecular 
dissipation  also  considered  Author 


N72-2C27  7e  University  of  Southern  Cehf  Los  Angeles  Depi 
ol  Aerospace  Engineering 

INTERMITTENT  STRUCTURES  IN  TURBULENT  BOUN 
OARY  LAVERS 

R F Blackwel'^ir  and  R E Kaplan  In  AGARD  Turbulent  Shear 
Flows  Jan  1972  7 p refs  ( See  N72  202 73  1 1 1 2) 

(Grants  NSF  GK  2<*578.  N5F  GK  27800) 

Avail  NTIS  rfC  $5  00  MF  SO  95 

The  interm»ttent  structure  m the  outer  region  and  the 
occurrence  ol  miermiMent  bu.'Sis  neai  the  wall  were  invest'gjied 
The  extent  of  these  structures  is  characterized  by  the  existence 
ol  sireamwise  momentum  deieciS  Correlations  suggest  a 
connection  betvveen  burstmg  that  occurs  in  the  wall  region  and 
ihe  intermittent  bulges  of  turbulen  e that  protrude  from  the 
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ou(«r  r««chM  of  iurbul«nt  boundary  lay«'  A schema  is 

p^esontad  for  the  detection  of  turbulent  bursts  near  the  well 
CooditiOnel  evereging  showed  that  during  the  burst  there  was  e 
substantial  stresnwise  momentum  defect  followed  by  an 
extremely  rapid  accelerotion  The  measurements  suggest  that 
perhaps  a local  mstability  is  the  source  of  the  break  up  of  the 
welt  flow.  Author 


N72'20276#  Techmsche  Umv  . Berlin  (West  Germeny)  Intt 
fuer  Ueberschell  Techr>ik 

AN  INTEGRAL  METHOD  FOR  APPROXIMATE  CALCULA- 
TION OF  COMPRESSIBLE  TURBULENT  BOUNDARY 
LAYERS  WITH  STREAMWISE  PRESSURE  GRADIENT 
H -J  Kuester  In  AGARO  Turbulent  Shear  Flows  Jari  1972 
20  p refs  (See  N72-20273  1 1 121 
Avail  NTIS  HC  S600/MF  $0  95 

An  approach  is  presented  for  the  transformation  fur^tion 
Sigma  sub  x which  avoids  i oth  subtayer  and  substructure 
hypotheses  of  compressible  turbulent  boundary  layers  Agreamenl 
between  theory  and  experiment  was  obtained  using  a rnodif»catu>n 
of  stun  friction  principles  Thermodynamic  behavior  is  ap- 
proximately described  by  a modified  Crocco  integral  which 
account  for  non-unit  Prandtl  number  and  variable  pressure 
artd/o'  V jli  temperature  The  boundary  layer  parameters  of  the 
trenstC'i<  <ed  ilow  were  calculated  by  a method  based  on  the 
■rttegrt'  tquatior^s  for  momentum  and  mechanical  energy  The 
calcuU  tion  method  was  apphed  to  a variety  of  turbulent 
boundary  layars  with  and  without  pressure  gradient  Author 


N72-202  79j|l  Rhode  island  ijniv  . Kingston 
A SIMPLE  ANALYSIS  OF  TWO  OfMENSiONAL  TURBULENT 
SKIN  FRICTION  WITH  ARBITRARY  WALL  AND  FREE- 
STREAM  CONDITIONS 

Frank  M White  and  George  H Cf<nstoph  M AGARO  Turbulent 
Shear  Flows  Jan  1972  10  p refs  Supported  by  the  AF  fS«e 

N72  20273  1 1-121 
Avail  NTIS  HC  $6  00/MF  S0  9S 

An  approach  is  proposed  f.^r  an  approximate  analysis  of  the 
(wo-dirr>ensior>al  turbulent  bouridary  layer  under  a wide  variety  of 
artHirary  cor>dilions  An  eHec'.ive  formula  is  developed  f^i  tTs 
lew-of  the  wall  which  accounts  (or  all  of  the  different  paramete  s 
considered  The  wall  law  is  combined  with  the  differential 
rnomentum  equation  ir.to  a single  first-order  ordmai>  differential 
equation  for  the  skm  fnctioo  coefficient,  suitable  for  computer  or 
graphical  solution  arxj.  m speoat  cases,  dosed  form  solution* 
Examples  are  given  covering  combinations  of  eight  different 
effects  oressure  gradient,  heat  transfer  compressit^-Miy. 
roughness  wall  transpiration,  transverse  curvature  lo'igitudmai 
Curvature,  and  aqueous  polymer  solutions  The  results  indicate 
that  the  theory  is  not  only  the  simplest  existing  analysis  of  the 
turbulent  boundary  layer  but  one  of  the  most  accurate  Author 


N72  20280a  Karlsruhe  Univ  (West  Germany) 

AN  eddy  viscosity  BASED  ON  THE  SECOND 
PRINCIPAL  INVARIANT  OF  THE  DEFORMATION  TENSOR 
Willi  Schoenauar  in  AGARD  Turbulent  Shear  Flows  Jan 
1972  10  p refs  ISee  N;2  20:;3  1 112) 

Avail  NTIS  HC  S6  00/MF  S0  95 

Equations  were  derived  for  the  time  mean  values  of 
>r>compreesible  turbulent  flow  The  stress  tensor  was  considered 
to  be  a function  of  the  deformation  tensor  The  assumption  of 
spatial  homogenity  and  isotropy  led  to  edvjy  viscosity  dependence 
on  the  second  principal  irvanent  of  the  deformation  tensor  The 
eddy  Viscosity  function  contains  empirical  coefficients  wh  *h 
rnusi  be  determined  from  measurements  of  luibulent  equilibnum 
flows  Nonequilibrium  flows  were  then  descr«bed  by  relaxation 
equations  Equations  for  the  turbulent  bour>dsry  layer  were 
derived  The  empirical  coefficients  of  the  eddy  viscosity  function 
were  determined  for  n.it  plate  flow  Author 


N72-202B1*!  Virginia  PofYttchnic  Inst.  Blacksburg  Dept  of 
Aerospace  Engin«enr>g 

EFFECTS  OF  STRONG  AXIAL  PRESSURE  GRADIENTS  ON 
TURBULENT  BOUNDARY  LAYER  FLOWS 
Qark  H Lewis.  E W Minar.  and  E C Artderaon  M AGARD 
Turbulent  Shear  Flows  Jan.  1972  14  p raft  (See 

N72  20273  11  12) 

(Contract  NASI -9337) 

(NASA  CR- 125903)  Avail  NTIS  CSCL  200 

Comperisona  are  rnede  between  predictione  for  ncnraactmg 
turbulent  boundary  layer  flow  utir>g  a finite  drffererv:e  method, 
and  integral  methods  used  to  predict  compressible  lurbulerit 
flows  with  pressure  gradient  and  wail  heat  treryefer  Both  rocket 
eryd  hypersonic  eerodynemtc  wind  tunnel  nozilee  are  considered 
Cooled  arid  heated  walls  were  studied  Van  Ones  and  Reicherdt'a 
modeta  ware  conaidarad  in  a two-layer  eddy  viscoeitY  scheme 
Ur>der  heated  wall  conditions  (i  e.  wall  temperature  greater  than 
the  adiabatic  wall  temperatura).  strong  coupling  effecta  were 
found  between  well  heating  and  axial  preaaura  gradients  For 
cooled  wall  coryditiona.  predictions  of  valocftY  end  temperature 
profiles  downtueam  from  regions  of  strong  favorable  pressure 
gradiema  were  m good  agreement  with  limited  experimental 
profile  data  Limitations  m the  use  of  bouridary  layer 
tranalormations  for  heated  wall  flows  sra  presaniad.  A computer 
program  was  developed  to  predict  nonreacung  and  equilibrium 
chemically  reacting  laminar  and/or  turbulent  bourvlary  iayar 
flows  for  internal  (rtoule)  and  external  two-dimensional  aryd 
sxisymmetnc  flows  Author 


N72-20282#  Instituto  Superior  Teerxo.  bsbon  (Portugal) 
MACH  NUMBER  EFFECTS  IN  TURBUUNT  FLOW 
J.  J D Domingos  M AGARD  Turbulartt  Shear  Flows  Jin 
1972  10  p rtfs  (See  N72  20273  1 M2) 

Avail  NTIS  HC$eOO/MF$0  95 

Stening  from  fundementei  asaumptioos  of  m*croecop*c 
thermodynamics  and  continuum  mechanics,  the  existence  of  s 
velocity  potential  for  the  flow  of  viscous  fluids  was  proved  ea  a 
general  property  The  implications  are  discussed  ai>d  the  rexa  of 
com^resaibility  ss  an  essential  feature  of  turbulence,  enher  m 
■ubeonic  or  supersonic  flows,  is  stressed  The  spperenily 
contradictory  consequence  of  zero  vorticity  m flows  which  ire 
derived  from  e potential  is  clarified  through  a diacueaion  of 
concepts  implicitly  asaumel  in  the  uiual  defiriitione  of  mean 
density,  mean  velocity,  enc  thermodynamic  equaliona  of  atate 
The  results  are  applicable  to  general  supersonic  viscous  flows, 
because  the  theory  is  ^oncerned  with  instantaneous  vefocity 
fields,  without  separation  into  mean  and  turbulent  quentitiet.  The 
soluticoa  fo  nd  are  asymptotically  exact  solutions  of  the 
time -dependent  three-dimensional  Navier-Siokes  equations  for  f 
VISCOUS  and  compressibii  fluid  which  follow*  • polytropic 
evolution  Author 


N72-202B3#  Avco  Corp . Wilmington.  Masa  Avco  Srsierns 
Dry 

A TWO  LAYER  MODEL  OF  HIGH  SPEED.  THREE 
DIMENSIONAL  TURBULENT  BOUNDARY  LAVERS  AND 
SUPERCRITICAL  BOUNDARY  LAYER  INVISCiD  FLOW 
INTERACTIONS 

Berry  L Reeves  /n  AGARD  Turbulent  Sheer  Flows  Jan  1972 
21  p refs  (See  N72-2027J  1 1-12) 

Aveif  NTIS  HC  $6  (X)/MF  $0  95 

A two-layer  model  of  the  thrse-dimenstonai  compresaibla 
turbulent  boundary  layer  was  developea  which  ■$  applicable  to 
flows  with  pressure  gradient  and  sutlare  mass  transfer  The 
model  'X  based  on  the  small  cross  How  approximation  m which 
the  spreading  metric  is  determined  by  the  mviscid  strftmline 
pattern  A modif>ed  Mangier  transformation  was  employed  which 
permits  transformation  of  the  boundary  layer  eouations  to  a 
rwo-dimensionai  form  without  transforming  the  turbulent  stress 
or  heet  flux  The  computational  speed  of  the  method  is  rapid 
enough  to  enable  equations  for  the  mviscid  stream  deflection  to 
be  coupled  with  method  used  for  calculations  of  strong 
(aupercriticah  interactions,  such  as  m the  region  downstreeni  of 
the  cnticel  point  m reaMachmg  flows  or  m regioris  of  strong 
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bAow>nQ  Solution  of  tho  lAnor  (wvoil)  Uytr  for  lh«  votocity. 
•mtMipy.  ttroM  ind  hoot  flui  was  obtainod  using  mmng  longth 
thoory  and  th«  trin  layor  Couttto  mod«4  Thts  solution  lod  to  a 
goooraiiMd  compra\aiblc  law  of  ih«  wall  with  mast  inioction  in 
tha  outor  waka  lay**r  an  intagral  momani  mathod  was  usad 
along  with  appropriata  matching  conditiont  with  tha  mrwr  layar 
Sovaral  solutions  ar>d  axparimantai  comparisons  ara  praaantad 
Raaults  ara  also  praaanta«i  for  ralaxing  flows  whara  C sub  f and 
<2C  sub  HI/C  sub  f initially  ara  far  from  thair  aguilibrium  valuas 

Author 


N72'2O204|  Otfica  National  d'Etudas  at  da  Racharchas 
Aaroapatialas.  Paris  (Frar>ca) 

APPUCATION  OF  AN  IMPROVED  MIXING  LENGTH 
MODEL  TO  THE  STUDY  OF  THREE  DIMENSIONAL 
BOUNDARY  LAYERS  (APPLICAnCN  DUN  SCHEMA 
AmEUORE  OE  longueur  OE  MELANGE  A LETUDE 
DES  COUCHES  LIMITES  TURBULENTE.^  TRIOIMENSIONN 
ELLE8] 

J.  Coustaix.  C.  Quemard.  and  R Michal  In  AGARO  TurtHilant 
Shaar  Flows  Jan  1972  1 1 p refs  In  FKENCH.  ENOUSH 

summary  ISaa  N72-20273  1 1-12) 

Avail  NTlS  HC$6  00/MFS0  95 

An  improvad  mixing-langth  modal,  praviousi/  sppiiad  to 
twO'dir.iansional  how.  is  axtandad  to  cover  the  three-  limensional 
case,  ralying  on  the  assumption  that  the  turbulent  si. ear  stress 
acts  in  tha  same  direction  as  the  laminar  It  is  used  to  varfc  out 
similif  solutiorts  to  the  local  eguations  of  a turbulent  bcundary 
layer  with  small  cross-flow  in  a compiassible  fluid  wrth  aa  arary 
prassura  gradients,  a digital  routine  enables  sets  of  transverse 
ar>d  kHvgrtudinai  bour>dary  layer  profiles  and  the  wall  s^in  fricton 
componantt  to  ba  determined  as  a function  of  tow  paramete>s 
axpraumg  tha  influence  of  pressure  gradients  A comparison 
with  experimental  results  shows  a mees  ire  of  agreement  The 
model  offers  the  requisite  hypotheses  on  which  to  build  an 
•rttegrai  method  of  computing  thrr^e-dimensionai  turbulent 
bourtdary  layers  Author 


N72-202BS/)I  National  Aerospace  Lab  Amsterdam  (f4eiheriandsl 
A CALCULATION  METHOD  FOR  THREE  DIMENSIONAL 
INCOMPRESSIBLE  TURBULENT  BOUNDARY  LAYERS 
P Weeaaling  and  J P F Undhout  In  AGARO  Turbulent  Shear 
Flows  Jan  1972  13  p refs  (Sae  N72-20273  1 1 -12) 

Avail  NTIS  HCS6  00/MF  $0  95 

A aystem  of  partial  differential  equations  which  can  be  used 
ea  a mathematical  model  for  three-dimensional  incompressible 
turbulent  boundary  layers  is  discussed  Cartem  methemetical 
propentaa  of  these  equations  arj  elucidated  The  equotions  have 
a finite  dcmain  of  depander>ce  this  fact  simplifies  the  problem  of 
calculating  threa-dimensional  boundary  layer  flows  The  equations 
are  solved  numerically  by  means  of  a simple  linear  explicit  finite 
difference  scheme  The  choice  of  an  efficient  difference  scheme 
•a  guided  by  two  criteria  for  the  stability  of  linear  difference 
acherr>es  with  constant  coefficients  The  method  is  used  to 
calculate  several  experimental  flows  Author 


N72-2028B*(ll  Aeronautical  Research  Associates  of  Princeton. 
Inc.  N J 

A PROGRESS  REPORT  ON  THE  ATTEMPT  TO  CONSTRUCT 
AN  INVARIANT  MODEL  OF  TURBULENT  SH:AR  FLOWS 
Colemen  duP  Donaldson  In  AOAflO  Turbulent  Shear  Flows 
Jan  1972  24  p refs  (See  N77  20273  1 1 12) 

(Connaci  NASw-1868) 

(NASA. CR  125904)  Avail  NTiS  CSCL  20D 

The  leaults  of  comparing  computations  using  a tentative 
model  of  turbulent  shear  flows  with  experimental  data  are 
presented  for  the  exieUy  9ymrr»«trtc  fr««?  lAT  The  Two-riirrtensK)o8l 
free  shear  layer,  and  the  flat  plate  boundary  layer  The  need  for 
more  carefully  designed  and  documented  free  turbulent  how 
measurements  is  discussed  m relation  lo  the  problem  of 
seleciing  more  refined  mrxlels  Some  observations  are  aixo  made 
coocerntng  the  application  of  double  correlation  closure  schemes 


to  the  computation  of  turbulent  flows  other  than  ciasstcal 
incompresaibte  shear  layers  In  particular,  tha  possibility  of  othar 
mettiods  of  calculating  the  t^havior  of  charnically  reacting 
turtHilar>i  flows  la  axamined  Author 


N72-20287/|(  Delaware  Umv  . Newark 

A BE  EVALUATION  OF  ZERO  PRESSURE  GRADIENT 
COMPRESSIBLE  TURBULENT  BOUNDARY  LAYER 
MEASUREMENTS 

James  £ Oanberg  in  AGARD  Turbulent  Shear  Flows  Jan 
1972  lip  refs  (See  N72-20273  1 1-12) 

Avail  NTIS  HCS6  00/MFS0  9S 

Compressible  turbulent  boundary  layer  vek>ci1y  and 
umparature  profiles  with  zero  pressure  gradierti  were  collected 
snd  prepared  for  computer  soaiysis  An  assumed  equation  for 
these  profiles  was  chosen  allowing  four  constants  to  be  adjusted 
by  a nonlinear  least  squares  technique  The  four  constant*  are  a 
velocity  scale  boundary  layer  thickness,  the  constant  of  the 
semi  log  region  and  the  wake  constant  This  equation  is 
analogous  to  Cote  s incompressible  law  of  the  wall  and  waka  but 
uses  a generalized  velocity  to  account  for  compressibiliry 
Measurements  from  45  adiabatic  wall  tests  were  analyzed 
covering  a Mach  nurober  range  from  2 to  6 Of  these  profiles. 
29  included  skin  ft!c:ion  balance  date  which  allowed  direct 
evaluation  of  the  universal  constant  of  turbulence  (mean  value  of 
k ~ 43)  through  comparison  between  the  shear  veiocrty  and  the 

piofile  velocity  sce!*)  The  constants  of  tlie  semi-log  and  the 
wake  ragion  were  fourtd  to  be  mdeper^dent  of  Reynolds  and 
Mach  numbers  A smilar  analysis  was  earned  out  for  the  limited 
number  of  total  temperature  profiles  Author 


N72-202B8/|i  Royal  Aircraft  Establishment.  Bedford  (England) 
SOME  BOUNDARY  LAYER  MEASUREMENTS  ON  A FLAT 
PLATE  AT  MACH  NUMBERS  FROM  2 6 TO  4 6 
0 G Mabey.  H U Meier  (Deutsche  Forschungsund 
Versuchsansia!t  fuer  luh  und  Raumfahrt.  Goettmgeri.  and  W G 
Sawyer  /n  AGARO  Turbulent  Shear  Flow  Jan  t972  iip 
refs  (See  N72  20273  11-12) 

Avail  NTIS  HC  S6  00/MF  $0  95 

An  experimental  investigation  of  the  turbulent  boundary 
layer  on  a large,  thermally  insulated  flat  plate  is  reported,  m 
which  Mach  number  and  total  temperature  profiles  and  shear 
streta  at  the  wall  were  measured  The  measured  velocity  profiles 
.*re  found  tc  be  m good  agreement  with  theoretical  treatments 
S miiarly.  the  measured  skin  friction  coefficients  are  predicted 
fis'-plete  ski.i-fnction  laws  The  form  of  the  total  temperature 
proMe  dose  to  the  wall  suggests  an  increase  in  turbulent  Prandtl 
nurr.^r  as  the  wall  •$  approached  Ai  all  conditions,  the  wall 
temperature  was  found  to  be  higher  than  vvould  be  expected  in 
adiebs*ic  flow  conditions  while  there  wes  a S'lbSlgntiSl  deficit  Of 
enthaip  ' flux  within  the  boundary  layer  Author 


N72-2028Vt(  National  Aeronautical  Establishment.  Ottawa 
(Ontario) 

COMPARISONS  BETWEEN  SOME  HIGH  REYNOLDS 
NUMBER  TURtUlENT  BOUNDARY  LAYER  EXPERIMENTS 
AT  MACH  4.  ^NO  VARIOUS  RECENT  CALCULATfON 
PROCEDURES 

D J Peake  G Brakmtii'n  (McGill  Umv).  and  J M flomr3skie 
(McGill  Umv)  In  AGAftD  Turbulent  Shear  Flows  Jan  1972 
70  p refs  (See  N72  202  73  n 12) 

Aveil  NTIS  HC  SbOO  'MF  $0  95 

The  objective  was  to  assess  the  infl-jence  of  streamwise 
pressure  gradients  upon  two  dimensional  compressible  turbulent 
boundary  layer*  at  high  Reynolds  numbers  m the  abserice  of 
end  wall  effects  and  longitudinal  curvature  effects  Boundary 
layers  recovering  to  equilibrium  conditions  were  emphasized 
Mcasu'cmenis  were  made  a?  a Mach  4 o?  pressure  distributicn. 
local  skin  friction  arid  boundary-layer  profiles  along  the  miernel 
surface  of  a parallel,  circular  cross-section  duct  The  Reynolds 
number  based  on  the  duct  length  of  33  inches  was  almost  50 
million  Results  from  three  experiments  are  presented,  namely  a 
near  zero  pressure  gr^  Jient  flow,  an  adverse  pressure  gradient 
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c«M.  «n4  • flow  rolaxing  <lcwnfttr«am  of  a step mducad 
•eparation  Ttie  boundar>  layer  prediot*oos  of  all  the  <r.  thoda 
\^re  m reasonable  agreement  with  esperiment  The  out^’.^oding 
•xccplioo  was  the  discrepancy  observed  between  the  calculated 
and  euwnmentai  skin  friction  reeutis  m the  adverse  pressure 
gradient  flo^v.  which  wet  attributed  tentatively  to  the  static 
pressure  gradient  across  the  boundary  tayar  m the  region  of  the 
atreamwiM  pressure  increase  Author 


N72-20290I  Johns  HopUins  Umv  . Baltimore.  Md 
THE  STflUCTUftE  OF  TURBULfNCE  IN  SHEAR  FLOWS 
Laalie  S G Kovas^nay  in  AGARO  Turbulent  Shear  Flows  Jan 
1972  14  |.  rsH  fSee  N72-Z0273  1 M2) 

(Contract  F4t620-63-C-0023) 

Avail  NTIS  HC$fiOO/MFS0  95 

Raaults  ob«^med  t ' flow  visualisation  techniques  have  given 
mapiration  for  devising  olau'.Jie  .'nodels  rather  than  have 
provided  numerical  dtta  to  be  co.npared  with  experiments 
Hot-Wire  enemometer  records,  especially  by  employing  sppropnate 
Signal  processing  techniques  have  given  quantitative  data  that 
can  be  used  for  direct  comparison  with  theoretical  predictions 
Theoretical  possibilities  are  reviewed,  and  arguments  are  presen*ed 
for  favonng  a model  consisting  of  random  spnnkJed  but 
deiermmtstic  flow  .i.jctures  against  models  based  on  travelling 
waves.  A suggestion  for  a possible  form  of  rrean  How  predictiooi 
schemes  is  outlined  Author 


N72-20291^  ARO.  Inc  Arnold  Air  Force  Station.  Term 

FREE  TURBULENT  MIXING  A CRITICAL  EVALUATION 

OF  theohy  and  experiment 

Philip  T Harshe  In  AGARO  Turbulent  Sheer  Flows  Jan  1972 
lip  reft  (See  N72-20273  n-12) 

(Contract  F40600-7  1 C 0002.  AF  Froj  971  \ \ 

Avail  NTIS  HC$600/MF  S09S 

A group  of  models  for  the  turbulent  shear  stress,  ranging 
from  ths  classical  Prandll  mixing  length  theory  to  the  kinetic 
energy  models,  are  systematically  confronted  with  a broad  range 
of  experimental  data  Two  eats  are  developed  (1)  those  models 
Suitable  for  engineering  use.  and  (2)  the  models  which  show 
promise  of  becomir>g  applicable  witn  further  development  to 
turbulent  free  mixing  Author 


N72-20292if  California  Univ  . La  Jolla  Oept  of  Avrospece  and 
Mechanical  Engineering  Sciences 

JET  TURBULENCE  ; DISSIPATION  RATE  MEASUREMENTS 
AND  CORRELATIONS 

Carl  A Fnehe.  C W VanAna.  and  Carl  H Gibson  In  AGARO 
Turbulent  Shear  Flows  Jan  1972  7 p refs  (See  N72-2027J 

11-12) 

(Contract  F44620-68  C 0010  Proj  THEMIS) 

Avail  NTIS  HCS6  00/MF  $0  95 

A correlation  of  the  mean  rate  of  dissipation  on  Ufe 
center-line  m terms  of  the  onfice  Reynolds  number  and  ax. el 
position  IS  etiablished  Measurements  of  the  velocitv  and 
velocity  derivative  are  described  for  a let  of  orifice  Reynolds 
number  of  1 2 x tO  to  the  5th  power  The  spectrum  of  the 
square  of  the  velocity  derivative  was  found  to  be  similar  to  those 
obtained  for  atmospheric  boundary  layer  flows  at  very  large 
Reynolds  numbers  when  normalized  with  KoimogoroH  length  and 
lime  scales  Spectre  ol  higher  order  moments  of  the  velocity 
derivative  are  also  presented  and  compared  to  Novikovs 
predictions  of  the  power  law  subranges  Author 


N72-20293/|f  Veremigte  Flugtechmscne  Werke  G mb  H Bremen 
(West  Germany) 

VELOCITY  AND  DENSITY  MEASUREMENT^  IN  A FREE 
JET 

O H Wefirmann  In  AG-^Rf  Turbulent  Sheer  Flows  Jan 
1972  9 p refs  (See  N72-20.  73  1 1 12) 

Avail  NTIS  HC  $6  OO/MF  $0  95 

The  fluctuating  properties  in  a turbulent  flow  are  due  to 
convection,  diffusion,  production,  dusipetion.  and  pressure 


transport  To  perform  an  energy  balance,  not  only  velocity  trims 
have  to  be  measured,  but  also  the  pressure  or  density  components 
ol  the  presaure  transport  term  Veloc.ty  fluctuations  can  be 
messured  by  the  hoi-wire  technique,  m contrast  to  this,  the  local 
meaaurement  of  the  density  fluctuations  presents  a certain 
problem,  especially  if  the  disturbance  of  the  flow  field  by  a 
denaity  measuring  would  have  to  be  kept  as  small  as  possible 
To  obtain  a local  measu'ement.  a focussed  laser  beam 
Mech-Zehnder  interferometer  was  used  The  flow  measuremerits 
were  made  for  the  flow  held  iwhind  a 2 6 cm  nozzle  at  e flow 
velocity  of  43  m/sec  The  flow  n the  ceniei  of  the  nozzle  at  the 
exit  plane  was  laminar  or  madu  turbulent  by  ilie  insertion  of  a 
screen  Author 

N72  20294#  Technical  Umv  of  Denmark  Lyngby  Dept  of 
Fluid  Mechanics 

AN  EXPERIMENTAL  INVESTIGATION  OF  CURVED  TWO 
DIMENSIONAL  TURBULENT  JETS 

C Sch\  arlzbach  In  AGARD  Turbulent  Shear  Flows  Jan 
1972  12  p refs  (See  N72  20273  1 M2) 

Avail  NTlS  HC  S6  OO/MF  $0  96 

Hot-wire  measurements  of  mean  velocity  and  normal 
turbulent  stress  >n  the  direction  of  flow  are  presented  for  the 
flow  field  generated  by  a plane  jei  reattaching  to  a flat  plate 
adiecent  to  the  let  nozzle  Meesuremenis  were  made  m longitudinal 
arid  latera*  traverses  of  (he  curv.>d  |ei  flow  and  m the  two  wall 
let  flows  Measu-ements  wr^.e  i.'nde  m two  senes  for  (hira?n 
different  positions  o.  the  adjacent  plate  thereby  r ovid'.ig  data 
(or  differing  values  of  jet  curvature  and  jet  paihlengths  Integral 
methods  were  used  on  the  exponmental  data  to  avoluate  the 
effect  of  |0i  curvature  on  the  entrainment  along  the  eriernal  and 
internal  boundaries  of  the  curved  jet  Author 

N72-20295#  California  Injt  of  Tech  , Pasadena 

THE  EFFECT  OF  DENSITY  DIFFERENCE  ON  THE 
TURBULENT  MIXING  LAYER 

Garry  V Brown  and  Analol  Roshko  In  AGARD  Turbulent  Shear 
Flows  Jan  1972  12  p refs  Supported  by  ONR  (See 

N72  20273  1112) 

Aveil  NTIS  HC  $6  OO/MF  $0  95 

An  experimental  study  was  made  of  the  turbulent  mixing 
layer  between  two  streams  of  differeni  gases,  oepeciafly  nitrogen 
and  helium  This  was  made  m a flow  apparatus,  designed  to 
produce  good  quality  flow  at  pressures  up  to  10  atmospheres 
with  run  times  as  low  as  1 or  2 seconds  High  speed 
measurement  techniques,  including  a density  probe,  were  used 
Shadowgraphs  of  the  turbulent  mixing  layer  reveal  a large  scale 
structure  similar  to  that  m the  late  stages  of  instebility 
development  m a laminar  free  shear  layer  The  similarity 
properties  of  ihe  mixing  layers  are  established  from  profiles  of 
mean  velocity  and  density,  and  from  these  the  Row 

parameters  are  computed,  spreading  rate,  dissipation  rate,  sheer 
stress  distribution  U is  found  that  a large  density  ratio  (eg  . 7 1) 
in  the  two  streams  does  not  have  a great  effect  on  the  spreading 
rate,  this  contrests  with  the  large  effect  ol  Mach  number  on  the 
turbulent  spreading  of  a tree  siiear  layer  at  the  edge  of  a 
supersonic  flow  A brief  analysis  compares  the  effects  of  density 
nonuniformities  in  low  speed  flow  and  those  due  to  comprassi 
bilily  at  high  Mach  number  Author 


N72-20296.k  Defence  Research  Establishment  Vaicartier 
(Quebec) 

FLUID  DY  NAMIC  PROPERTIES  OF  TURBULENT  WAKES 
OF  HYPERSONIC  SPHERES 

J G G Dionne.  0 Heckman.  C Lahaye,  L Sevigny.  and  L 

Tardif  In  AGARD  Turbulent  Shear  Flows  Jan  1972  13  p 

reft  (See  N72  20273  1 1 i 2) 

tAKPA  Order  I33r 

Avail  NTIS  HC  S6  OO/MF  $0  9b 

Representative  date,  concernmq  the  mean  behavior  ol 
velocity  and  density  in  the  wakes  of  ^/r-,er6onlc  spheres  leurtched 
•I  Mech  13  and  e pressure  times  sp' density  of  ^0 
lorr-irKhes  are  given  The  variation  with  jxial  distance  of  the 


179 


12  FLUID  MECHANICS 


v*k>cttv.  dvofiiY.  tnd  temperature  defects  and  of  the  velocity 
density  wake  radi.  are  given  and  are  compared  with  other  similar 
data  and  wr*h  schheren  data  obtained  under  the  same 
conditions  Data  on  turbulent  characteristics  such  as  velocity 
fluctuetions  looiiation  scale  lengths  and  wake  mie  mittency  are 
also  on  an  Fmaiiy  the  total  momentum  in  the  wake  is  estimated 
f'om  the  measured  velocity  and  r >ass  density  distributions 

Author 


N72'202t7|  Avco  Cvereit  Research  Leb  . Everett.  Mass 
MFA8UACMENTS  OF  THE  INSTANTANEOUS  SPATIAL 
DISTRIBUTION  OF  A PASSIVE  SCALAR  IN  AN 
AXISYMMETRIC  TURBULENT  WAKE 

Arthur  M Schoe'derman  In  AGARO  Tu'buleni  Shear  Flows 
Jan  1972  12  p refs  (See  N72-20273  1 1 1?) 

(Contract  F04701  70  C 0128) 

Avail  NTIS  HCS6  00  MFS0  95 

The  spatial  miing  field  m the  turbulent  w.'^ke  of  a 
longitudinally  aligried  truncated  cylinder  at  a Mach  noi.  her  oi 
2 ft  arv)  a Reynolds  number  uf  1 m.llio-i  <based  on  diametei;  is 
observed  experimentally  us>ng  the  la^c'  planogram  technique 
n>e  nstantarwous  spatial  distribution  of  a tracer  material 
introdiiced  a>  the  model  >s  charactanted  statistically  by  estimates 
of  tne  probability  density  luncnon.  energy  spectrum  and 
aulocovariance  coefficient  of  the  rneasured  fluctuations  Wake 
axis  measurarnenis  over  the  region  from  138  to  182  bodr 
diameters  .leld  turbulent  corcerii»alion  fluctuations  of  2b%  and 
skewnesa  and  kuHosis  oi  <0  16  and  *0  16.  respectively  A 
centarlirse  intfcmittancy  of  approximately  82%  »s  observed  A 
classical  turbulence  spectrum  with  a well  defined  brtak  from  a 
flat  to  a k to  the  minus  S 3 power  medial  subrange  is  found 
The  autocovtriance  coeff-cicnt  yields  a marrnscaie  which  is 
approximaiaiy  half  the  transverse  scale  length  The  wake  boundary 
IS  observed  to  be  subHentia.iy  more  cur^toneo  than  hao 
previously  been  suspe.ted  Author 


N72  2O2B0.I  «^euische  Forschungs  und  Versuchsanstalt  fc 
lufi  jr>d  riaum.'  :irt  CiOetimgen  (Wosl  Germanyl 

RfCCNT  ATTEMPTS  TO  OCVELOP  A GENCRAUY 
APPLICABLE  CALCULATION  METHOD  FOR  TURBULENT 
SHEAR  FLOW  LAYERS 

J C Hona  >0  AGAHO  Turbulent  Shear  Flows  Jan  1972 
1 1 p refs  (See  N72  20773  1 1 12i 
Avail  NTIS  hC  5600'Mf  S095 

Cekiulation  rneihods  are  drscussed,  whi;,h  are  tiased  on  the 
diffe'anli.‘'l  equations  for  the  Reynolds  stressex  ll«e  considera 
tC  foi 

which  the  usual  boundary  layer  app'0<irnaiions  apply  If*  marty  of 
the  propoaed  methods  of  itns  kind  itie  e'tuai'or^  f‘^r  if'C  kmei'r. 
Muc’jeion  anergv  plays  a c*»ntral  role  The  iranspon  equa'ion  fo< 
the  Mayfioldt  shaar  s ess  includes  as  special  cases  Prandtis 
edr'  • cosily  ralalion  and  Bradshaw  s assumption  of  a constant 
re  ,1  shear  stress  to  kmei'c  fiuciurvori  er*ergy  A differential 
• u^vlion  lor  trie  miegra:  lengin  scale  is  denveiJ  fror?» 

Nevier  Stokes  uouabons  and  tr.e  closure  aisurnptiuns  are  giver* 
li  turns  Out  that  the  »n>piified  version  of  ttie  lengr  SLale 
equation  used  by  Son>e  aiitf-rjrs  is  not  capab>  '.«f  reproducing 
th>e  cfiaracteris'ics  of  diMerert  kinds  of  flows  Toc  mam  reason 

lor  Ihis  short' -jming  ,«  lourwj  m an  OverSiniplifi«,dl»or.  of  lf»n 

‘.jrtiulerKe  orrvJuc'.ion  term  of  (he  le'ig-ii  s .ale  equaiiori  Ti.e 
arguments  are  iHuiireted  ny  r.e'culete'J  resuliv  Author 


N72  202B9#  Navel  Ordnance  lair  Wlme  Oak  Mrj 
AN  EXPERIMENTAL  CTULY  OF  THE  COMPPESSIBlf 
TURBULirjT  BOUNDARY  LAYER  WiTFf  AN  ADVERSE 
MREI8URE  ORADIE  NT 

ftof'/rt  t P Vo'Sme;  ftolx“d  f leu  ar-rl  Willia"i  ' Yaua  In 
AOAPO  T-,du.‘e  If  bf»ea'  Hows  Ja*'  1*J//  l‘J  p refs  »Lee 
0/7  O?  / I 1 1 1 / I 
Avail  N»r  )iLLi*iru  Mf  $0  9‘j 

lt<e  rnSuMs  'il  • rjeteilerj  e « I «*'nriei  1 fll  invevligeii'«r-  of  (tie 
t ompresedrie  turtiulent  lKJun<)a*y  laye*  m an  ar'.efSf  .•rrssura 


gradient  regime  are  presented  The  studies  were  conducted  on  a 
flat  noula  wall  for  Mach  numbers  between  4 l and  4 9.  at 
moi  entum  thicki>ess  Reynolds  numbers  from  $bOO  to  69  000 
arw3  at  waii-to-an'iabaiic-wall  temperature  ratios  of  1 0 and  0 8 
Complete  ar\d  often  redundant  profile  mea&urer.'ervs  ware  taken 
with  Pitot  arvi  static  pressure  probes  and  conical  equilibrium  and 
firte-wira  temperature  probes  The  wall  shear  And  surface  heat 
transfer  were  measured  directly  with  a skin  fruion  belarKe  and 
a heat-transfer  gage  The  effect  of  the  adverse -pressure  gradient 
flow  on  the  boundary  layer  flow  structure,  friction  drag.  ar>d  heat 
transfer,  as  compared  wdh  zero  and  favorable-pressure  gredient 
flow.  IS  discussed  A test  showing  the  effect  of  nozzle  throat 
coding  the  downstrearri  boundary  layer  is  also  reported  This 
throat  cooling  caused  significant  changes  m the  downstream 
temperature  profiles  and  recovery  factor  with  no  effect  on  the 
focal  wall  shear  Author 


N72-20300a  Ballistic  Rasuarch  Labs  Abe  deer  Proving  Ground. 
A.d 

THE  SUPERSONIC  TURBULENT  BOUNDARY  LAVER  IN 
AN  ADVERSE  PRESSURE  GRADIE'^T  EXPERIMENT 
AND  DATA  ANALYSIS 

Walter  B Sturek  and  James  E Oanberg  fOelawara  Univ 
Newark!  In  AGARD  Turbulent  Shear  Flows  Jan  1972  13  p 

reS  (See  N72  20273  11  1 2) 

Aval.  NTlS  HCS6  00  MFS0  35 

Exp«.-mcntal  me^. jfeoienis  o»  the  profile  chaiacieri  of 
the  suparsonic  boundary  layer  a legion  of  mOo..-aie 

9 verse  pressure  gradient  along  a dimensional  iseniropic 
ramp  model  are  reported  The  dale  aro  tor  a closely  adiabatic 
wall  at  a tunnel  nozzle  setting  of  M 3 84  Detailed  surveys  of 
..T.poct  pressure,  stshc  pressure  2'^rl  10?2'  terT>p»r»iijr#  w#r* 
made  and  wan  shear  s’>fss  was  me<sureO  usi'ut  the  P'estor> 
tube  technique  In  addiiiort  to  the  meat  proliie  dai  i fluctuation 
data  ware  obtained  usmg  constant  temperaiuie  hoi  wue 
anemomeiry  m the  zero  pressure  gradient  flow  upstream  ol  the 
ramp  model  and  .n  the  adverse  pressure  gradient  flow  along  the 
ramp  model  '•urbulani  boundary  lave  eouai>ons  applicable  lo 
compressible  How  over  a surface  with  longitudina:  curvature  are 
analyzed  Corrections  for  longitudinal  r.urvature  lo  the  ec.  jation 
for  consarvat'Oit  of  sueamwise  momijnturn  aic  shown  lo  be 
^mail  and  of  the  same  order  ol  magmi  ide  as  the  contribution  of 
the  wall  shear  stress  The  data  are  shewn  to  correlb'e  m law  of 
the  wall  and  velocity  defect  dirnensioniess  coordinates  usmg  an 
integral  compressibility  iransformaiion  that  follows  directly  from 
Prandtl  s miiing  lengiit  dppfDximahur  uf  the  Reynolds  stress 
Eddy  Viscosity  and  mixing  length  d slritiulions  for  the  zero 
pressure  gradient  bound-ry  layer  were  de'ermmed  directly  from 
the  exporimeniai  oaia  anri  agree  c^ueiitaliveiy  with  o>ef>L>u»Sr 
publ'Shed  findings  Tt>e  measured  value  uf  skm  friction  cr^efhcieni 
•s  20  percent  lass  for  the  How  over  the  ramp  model  than  for  the 
Z<  -eSSure  gradient  flow  upstream  Author 


N72  20901a  Imperial  Ci»M  ol  Sc.ience  and  Ter-fmology  Loridon 
{England!  Aeronaut'CS  C)r(>t 

TURBULENT  BOUNDARY  LAYERS  /T  SUPERSONIC  AND 
HYPCHCONiC  «:PEEDS 

G T Loleman  G M tifsirorr.  anrj  J L btoM«r'y  In  AGARO 
lnfboi*»r*l  b»*«ar  flows  Jan  19/?  9 I-  refs  *Soi  N77  70773 

11  1 ?! 

Avail  NTib  HCSbOO  Mf  SO  9b 

the  growtti  rjl  a c(.>rri|iras\il>le  (ijrt>u:-’nt  liounrldry  layer  over 
flat  plf’C  arid  <.ornpre«&i(>n  i.orrier  rnutJel'v  was  sluiltcr)  at  a Me-.h 
riurnt^er  ol  9 «ocal  P<1ar  n nurnlArrs  l>ewe*;ii  3 arvl  9 were 
achieved  qri  a Hel  plxte  try  varyi'iy  the  UM.uIfnto  '"im  0 lo 
26  8 deu  Tit©  lfx,ei  unit  MeynolrJs  i»jrnt»n  s user)  war©  trtiJ/;v*r* 

1 80  000  Cf')  700  0^70  T!ir  rnoasureinoiiis  wl»i' h mtjydo  ii-tSsuro 

arKJ  Iteal  |ren\fr:r  reie  diVt'it'Utinris  A'-'l  I it'jt  |>'esxur«  prrjiles 

across  i!*e  l-ourulaiy  'a/nr  eiieit'J  the  lan-ji-  of  'leiA  Aorj 

ar#  used  to  l♦•sl  sriMif*  (.ii-'Iiiti  ii  ii>r>tmKlS  or>  1 \i) 

emplif sifr  i«;fi’'.'  Irfli'j/**-*  i/f  I'.w*-'  'i'jm.Ih'i  flows  Meat 

rraritfer  »»te  diiiMlMitiiyny  ai  Ma<  !■  iiii"  '.»r'S  -f  J b S'l-I  9 s!i<.w 
•fi  iriciaasiiig  div'.>e|«aii'.y  li€lWL’i*/i  | and  'lierjry  at  the 

Ma<.h  riijMitiCf  uses  the  dai'i  t<eiri'j  inuiie-  Ilian  trie  (iredii. le'l 
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v«lu«  Jut  approaching  it  ssyrriptoticallv  with  increasing  Tiomemum 
thickness  Reynolds  number  (Re  theta)  The  boundary  layer 
profiles  taken  at  Mach  9 grew  fuller  as  Re  theta  decreased,  both 
of  these  results  are  associated  with  the  slow  development  of  the 
wake  comnonent  of  the  turbulent  boundary  layer  profile  at  high 
Mach  numbers  Author 


N72-20302/V  Queen  Mary  Coll  . London  (England) 

AN  EXPERIMENTAL  INVESTIGATION  OF  THE  TURBULENT 
BOUNDARY  LAYER  ALONG  A STREAMWISE  CORNER 
0 0 Moiola  and  A 0 Young  In  AGARO  Turbulent  Shear 
Flows  Jan  9 1972  9p  refs  (See  N72-20273  11-12) 

Avail  NTIS  HC  S6  00,  MF  $0  95 

A selection  of  results  are  presented  of  an  extensive 
experimental  investigation  ol  steady  incompressible  turbulent 
boundary  layer  along  a smooth  90  degree  streamwise  corner, 
formed  by  a pair  of  identical  intersecting  flat  niates.  with  the 
freestream  velocity  directed  parallel  to  the  ''.omenme  Cetaiieci 
explorations  of  the  flow  with  and  without  external  pressure 
gradients,  included  the  determination  of  static  pressure  fields  the 
mean  velocities  wall  shear  si.csses.  and  the-  components  of  the 
Reynolds  (turbulent!  stress  tensor  A seco-idary  flow  towards  «he 
corner  along  the  plane  of  symmetry  and  outwards  from  it  dose 
to  the  walls  forming  the  corner  'S  a vital  and  characteristic 
feature  and  is  clearly  reflected  m the  mean  and  luroulence  flow 
measurements  In  particular  it  modifies  the  relations  between 
the  shear  stress  components  and  turbulence  energy  and  mean 
velocity  distribution  so  as  to  rnake  any  simple  e*iens»on  of 
current  mothods  of  turbulent  boundary  layer  prediction  unlikely 
to  be  applicable  m such  a flow  Author 


N72-20303*  Office  National  d Etudes  et  de  Recherches 
Aerospatiales  P^ris  (France) 

INJECTION  OF  A TURBULENT  BOUNDARY  LAYER  WALl 
WITH  A strange  GAS  (COUCHE  UMITE  TURBULENTE 
AVfC  INJECTION  A LA  PAROI  0 UN  MEME  GA2  OU 
D UN  GAZ  ETRANGERI 

T LiIi  and  fl  Michel  In  mGARO  Turbulent  Shear  Flows  J m 
1972  10  p refs  In  FRENCH  ENGLISH  surr.maiy  iSee 

N72  20273  M-121 
Avail  NTIS  HC  5600- MF  SO  95 

An  improved  mixing  length  model  is  applied  to  the  theoretical 
determination  of  a lurbuleni  boundary  layer  with  transfer  of  fiord 
at  the  wall,  and  the  resuHs  are  comparer  pumt  by  point  ^ith 
available  experimental  evidence  In  the  incompressible  field 
there  are  first  provided  some  solution^,  to  the  local  equations  of 
an  equilibrium  boundary  layer  to  define  (he  requisite  set  of 
velnrily  prnfilx**;  ^km  Inrlinn  Mw  for  an  iriiei.liOri  with 

pressure  gradient  Next.  ifie  velocity  «nd  concentration  profiles 
are  worked  out  for  (creiyn  y^.s  miecled  Lastly  the  solution  is 
extended  to  cover  ihe  yer^grai  case  of  a corripressrUie  fluid 
leading  to  a systematic  sr>  of  results  for  me  effect  of  miection 
upon  skin  frirtior.  and  hr^t  transfer  shown  as  a function  ol  Mach 
number  and  wall  lemp^’raiure  Author 


N72  20304#  C-'>iitornia  Inst  ol  Tech  'asarfena 
A SURVEY  Of  DATA  FOR  TURBULENT  BOUNDARY 

layers  wi^h  mass  transfer 

Ooriald  Col^.S  /n  AGARD  Turljulcnl  Sfiear  Flc'w^  Jan  197/ 
15  p refs  (See  N7>  202/3  i l i2i 
Avail  NTiS  hrseOO  Mf$0  9b 

A critical  sufvp/  IS  rnaoe  of  a*  d'lirblc  c*i»er ifueui al  ddl3  '>•» 
turbulent  Injundary  layer',  wuh  rnass  uanslei  m nif  abvei-r  »>  of 
complicating  factors  Sucli  as  comr  r,  ssibilily  amj  pressure  gradient 
Two  approaches  to  tiro  data  show  puriicular  pronnse  The  fust  s 

tna  rntung  lenglii  0p|i'o«L.h  wine*  reow*  ■»  w«ll  50  J 

Ml  of  modified  coordinates  such  that  li>c  classical  sinutaniy  lavs 
ouifide  the  subJeyei  :oeni  t<j  lerriam  vai»<J  <)r>wn  tfj  if>n  Iasi 
detail  at  least  (nr  nioleraip  values  of  suction  o»  bl«.fWiriy  TtiB 
aaCOrid  apl'foach  **  mr^  ^ « nyinal  il  'S  an  allgirtpi  |i/  geriorah '*• 
tr-.e  fcifuJ  of  analysis  ufle  ' used  Ir;  'Jr’v^lon  similarity  l.iw.  (»>•  frn^ 
sk.ea>  flows  encfi  as  wakes  r.i  jels  wr.iie  ptuseivmy  mlaci  -m 
aryurneni  wfn'.fi  e«t*  % tt>ese  I'Ji'ds  in  ifio  • esc  of  lK/>ir.(tji  - lare> 


glow  The  essential  step  is  the  definition  of  a chaiacte.isiic 
velocity  (qua  friction  velocity)  in  terms  of  a characteristic  stress 
(qua  wall  stress)  which  occurs  somewhere  m the  layer  A strong 
precedent  for  such  a step  can  be  found  in  the  usual  treatment  of 
surface  roughness  So  far  the  best  choice  for  the  cheiacterisiic 
stress  seems  to  be  some  kino  of  average  value  for  the  sublayer 

Author 


N72-2030B)|f  Stanford  Umv.  Calif  Oep;  of  Mechanical 
Engineering 

THE  SUPPRESSION  OF  SHEAR  LAYER  TURBULENCE  IN 
ROTATING  SYSTEMS 

James  P Johnston  in  AGARO  Turbulent  Shear  Flows  Jan 
1972  9 p refs  (See  N72  /U273  1 '.121 
(Grants  NSF  GK-2533.  NSF  GK  ’6450) 

Avail  NTIS  HCS6  00  MFS0  05 

Stabiliiatiori  of  tu'bulor^l  boundary  layer  type  flows  by  the 
action  of  conoiis  forces  engendered  by  system  rotating  is 
studied  Expenmer'ts  on  fu'ly-developed  two  dimensional  flow  m 
a long  straight  channel  that  was  rotated  about  an  axis 
perpendicular  to  the  piane  of  mean  shear  are  reviewed  to 
demonstrate  the  principle  effects  of  stabili2ation  tn  particular, 
the  delay  of  transition  to  tiirbuience  on  the  stabilised  side  of  the 
char^nel  to  high  Reynold!  number  as  the  rotaimg  number  is 
increased  is  demonstrated  A simple  method,  that  utilises  the 
eddy  Reynolds  number  cnienon  of  Bradshaw.  >s  employed  to 
shew  that  rotating  induct  d suppression  rf  transition  may  be 
predicted  for  the  channel  flow  case  The  applicability  of  (he 
predictive  method  to  hounear,  layer  type  Hows  is  indicated 

Author 


N72  20306#  Lyon  Univ  (France! 

DEVELOPMENT  OF  A TURBULENT  BOUNDARY  LAYER 
ON  A FLAT  PLATE  IN  AN  EXTERNAL  TURBULENT  FLOW 
G Charnay.  G Comie  bdoi  and  J Math-  m AGAHD 
Turbulent  Shear  Flows  Jan  1972  9 p refs  . N72  20273 

11)2) 

Avail  NTIS  HCS6  00  MFS0  95 

The  development  ol  » turbulent  boundary  layer  on  a flat 
plate  was  experimentally  irsesiigaied  >n  the  presence  of  an 
external  turbulent  flow  geneiaieo  by  grids  With  reference  to  a 
turbulent  boundary  layer  evolving  in  an  undisturbed  flow  (he 
roilowing  results  were  obser/ed  when  the  external  turbulence 
level  <s  in:redsing  (1)  the  bi>undary  layer  grows  more  rapidly 
(2)  the  wall  sheor  stress  is  higher  I3l  in  the  ouier  region  of  the 
layer  if»e  mean  velocity  profil.f  becorrnrs  fialtrif  and  the  law  of 
the  wake  is  rrodified  In  th«*  same  regio  ) Ihe  turbulent  levels  are 
tn-*’ro»«*d  'he  tu'b  'O'  shea'  stre"  and  'u'b'jicnt 

kmetic  energy  p.uduclion  bocorne  large-'  Various  mlegial  length 
scales  of  the  external  turbu'eni  !iow  were  also  used  A 
discernable  effect  was  observed  on  ihu  integral  scales  of  the 
boundary  layer  only  A rearrangement  of  (he  exierr>al  isotropic 
turbulence,  due  to  the  sirainirig  process  of  the  mean  existing 
velocity  giddieni  in  (he  boundary  layer  is  tentatively  proposed 

Author 


N72  20307a  In.perial  Coll  of  Science  and  Tecfioology  London 
(England)  Oepi  of  Aeronautics 

SOME  MEASUREMENTS  OF  THE  DISTORTION  OF 
TURBULENCE  APPflOACrUNG  A TWO  DIMENSIONAL 
BODY 

P W BeAtman  Ui  A(iAR(/  Tmi.ulcni  Siioaf  Ho-vs  Jan  1972 
1 I p -el.  iSee  N7?  202  73  1 1 i2i 
Avail  NTIO  MC  S6  DO  Ml  SO  9b 

A description  is  given  of  tfie  distortiori  of  grid  generated 

• U()eu5o<>CL,  09  ■!  OUP*  UOL.  ■ » l!>C'  S>OU*'ol'U"  Iq^il/h  \yi  O 
two  dimensional  tx>'Jy  Wtien  I suL  * U 'S  rrtucti  greater  |har«  1 
(wtiere  L sub  r is  the  scale  of  turbulence  an<)  D 'S  a (yiiu.ai  f*ody 
«|irt«ensiOtn  dUriig  (tie  mean  sidyrialujn  slreamlirie  (lie  lorigiujrli'.al 

• t.ifiipune’<i  rjt  (be  y<9ir;-  ii,  fluciua(«'Us  aMemiates  like  (' e uieari 
flow  Wiiei»*as  if  I b • is  mm  i*  less  Mian  1 (be  tuii.ulenr.e  is 

by  die  m'lA  I fl<2«v  field  and  (lie  l->ngitu<lmAl  r c rriponeril 
<jf  itan  veiijMiy  ('■  '.  1 1.  ii I'ji  will  lie  amplified  di  ii  to  (tie  vortex 
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•tr«lch!>'»g  Wh0o  L »ub  */0  - Oil)  • combinatioo  of  thoM 
•fftcis  IS  found  with  sttsmislion  of  tooergy  at  low  waw  numbsrt 
and  amplification  at  high  wave  numbers  Measurements  of  the 
pressure  nuciuations  at  the  stagnation  pomt  show  that  at  low 
wava  nurnbers  the  leval  of  the  pressure  fluctuations  can  be 
predicted  by  asaumirtg  the  turbuler>ce  to  bo  irrotational  Author 

N72  27293*  Advi  -cry  Group  for  Aerospace  Research  and 
Development  Pims  -Prance) 

numerical  M£VH0DS  in  fluid  dynamics 

J J Smoldefon  ed  May  1972  328  p refs  Partly  in 

ENGLISH  and  partly  in  FRENCH 
lAGARO  LS-48)  Avail  NTIS  HCS18  50 

Numerical  analysis  and  approximation  a>e  con$-dered  for 
gas  and  lluid  Low  probieins  m fluid  dynamics  Navicr  Stokes  and 
other  equations  of  moiion  are  discussed,  as  well  as  various  finite 
element  methods  For  individual  titles  see  N72  27294  through 
N72  27308 


N72-27294  Von  Kamnan  Ir.st  for  Fiu-d  Dynamics.  Rhode  Saint 
Ger^ese  (Seigiumi 

introductory  f arks 

J J Smolderen  fn  mGARO  Numerical  Methods  m Fluid  Oyn 
May  1972  8 p (For  availability  see  N72  27293  18  l 2) 

The  basic  mathematical  problems  of  fluid  mechanics  are 
reviewed  a.-cJ  the  various  numerical  techniques  available  to  solve 
partial  diffetnniiai  equations  are  presented  Their  advantages  and 
limitations  arc  briefly  discussed  Author 


N72  27295  Paris  Univ  irrance) 

ON  THE  N:IMERIC^L  APPROXM  A Tl  0 N OP  SOME 

EQUATIONS  Afl!S!NC  IN  H YOROOVN AMICS 
J I Lions  In  AV'ARO  Nurnencal  Metfuxls  m Fluid  Dyn  May 
'972  13  p lefs  'For  availability  see  N72  27293  18  12) 

Enamples  are  developed  oi  equaiions  af^mg  in  hydrodyna 
mics  for  the  loHowiOv'  (1)  apprommation  o -.ystecns  which  are 
not  of  the  Cauchy  KOivaleska  type  by  systems  of  that  type  i2) 
the  possibilities  of  ipiiti.ny  (he  systems  of  the  Cauchy-Kowaleska 
type  and  i3)  the  spliiimc,  of  coupled  systems  Author 


N72-27296  Paris  Univ  . O-'s  ty  ' F'ahre) 

APPROXIMATION  OF  NAV.ER  STOKES  EQUATIONS 
P Teman  In  aGARD  Numer.-al  Methods  m Fluid  Oyn  May 

19/2  ho  refs  (For  avaiiabiiily  see  N72  27293  18  121 

Methods  of  approximation  of  ‘he  tuM  Navier  Stokes  equations 
are  discussed  The  piobiem  -on&ide'ed  «s  the  unsteady  flow  tand 
sometimes  the  steady  flowi  of  an  in.rompressible  viscous  fluid  m 
a Dounoea  oomam  Ine  proDiern  possesses  a unique  solution  in 
ihe  f,ase  of  a iwo  c*»men$ionai  iiyw  In  the  case  o'  a 
three  dimensional  flow  ,;ie  pfof>(em  possesses  at  least  one 
solution  but  uniqueness  is  known  only  when  the  vectors  f.g  and 
u s-jt)  o are  sufficiently  small  for  Re  fneo  tlammar  How!  Three 
lur;ds  of  approximation  meihods  are  described  (ii  the  penalty 
method  (2i  perturt>alion  an<j  fiaciionai  step  method  and  <31  the 
fractional  step  meif-oo 


N72  27297  La.ai  Um.  'Ouel>e<.i 

THE  APPROXIMATION  OF  NAVIER  STOKES  EQUATIONS 
fC-fl  VISCOUS  INCOMPRESSIBIE  FLUIDS  |SUR 
I APPROXIMATION  DES  EQUATIONS  OE  NAVIER  STOKES 
DES  FLUIOeS  VISQUEUX  INCOMPR6 SSI BLE S) 

M FoMm.  aruj  n Tc-airi  'Pa'is  Uri^  Cjisay;  In  AGAflO 

N'jjne'icai  Mnitio'ls  ir.  Fiij.d  Dyn  May  t97;»  7 p rel|  In 

IRf  Nr.n  'for  cvd'lairii.iy  see  N 72  2/?93  18  W. 

tup  (I'Of'iei’i  'oi'Si'ipie'J  -s  tndi  ul  "U">i<iliuiio»y  N-jw  \j\  a 
v.Cious  irn  ri/ii(iif -.sihl^  fluid  n rt  Ixjunded  rJornaiti  Orriega  II  lf'6 
vP'  I'-'  II  I-,  d»:S«yna'rj»!  as  tr>c  it,-  p as  {irosS'ire  arid  t 

as  il»C'  <*s  Itif  I/I  iiKjfi'ui  an-  written  ir»  tfie 

r.lassi'  al  'iinni  in  m I IJI,.,  I‘;fiii  l(iiti<il  and  liriiifiiiy 

f 'j/idili'iii  ,|i»-  aiS'j  ‘.Ji.'  ii  Till-  flii-ii..  ' diS'iiS',pr]  tir.-rn  is  an 

intfipif-iaiiO'-  ol  ttn.  fra-  I nnjl  sle(>  ninlhoil  ^■^nSl  liy  K P Ij 


N72-27298  Uvdl  Univ  (Quebec! 

NUMERICAL  SOLUTION  OF  STEADY  STATE  NAVIER 
STOKES  EQUATIONS 

M Fortin  In  AGARD  Numerical  Met*^'jds  m Fluid  Dyn  May 
1972  8 p *els  (For  availability  see  N72  77293  18-12) 

The  Ndvier-Stokes  equations  ol  a viscous  incorrtpre&aibie 
fluid  m a bounded  domain  are  considered  O-dy  two  dirt'icntional 
cases  are  treated  but  some  results  and  all  numerical  schemas 
may  be  extended  to  the  three  dimansional  flow  Existence  and 
uniquanass  of  solutions  are  discussed  The  results  especially 
those  concerning  uniqueness  are  used  to  explain  the  difficulties 
arveountered  m the  convergence  proofs  of  the  methods  Author 


N72  27299  irMernaiiunal  Business  Machines  Corp  . San  Jose. 
Calif 

numerical  solution  Of  THE  NAVIER  STOKES 
EQUATIONS  AT  HIGH  REYNOLDS  NUMBERS  AND  THE 
PROBLEM  OF  DISCRETIZATION  OF  CONVECTIVE 
DERIVATIVES 

Jacob  E Fromm  in  AGARD  Numerical  Methods  m Fluid  Oyn 
May  19/2  47  p rel  tFor  availability  see  N72-77293  18  12) 

The  esseiitiais  of  numerical  computation  of  lime  daper^dent 
nonlmaar  fluid  flows  aie  di&cussed  The  case  under  constdaralion 
1$  that  of  incompressible  flow  with  viscos.t,  described  in  terms 
of  a voitiCity  and  stream  function  Author 


N72-27300  Po'yiechmc  Inst  of  Biooklyri  Farmmgdale.  NY 
Graduate  Cen'.er 

NUMERICAL  ANALYSIS  OF  VISCOUS  ONE  DIMENSIONAL 
FLOV/S 

0 Moretti  arid  M D Salas  In  AGARD  Numerical  Methods  in 
Fluid  Oyn  May  1972  20  p »efs  Piesenied  at  Meeiir>g  on 

Appi  of  Numerical  Metiiuus  m «V  J CoSdyn  , Novosibirsk.. 
USSR  1 7 24  Aug  1969  (Foi  «;vai. ability  see  N72-27293 
18  12> 

The  flow  of  a viscout.  heat-conducting  gas  produced  by  an 
accelerating  piston  i$  analysed  numerically  The  formation  of  a 
shock  in  a viscous  How  is  studied  A discussion  of  accuracy  and 
practicality  of  i numerical  analysis  ol  the  problem  is  given  It  la 
concluded  that  the  assumption  of  a shock  aa  a sharp  discontinuity 
IS  the  only  practical  way  to  handle  flows  whose  Reynolds 
number  per  unit  length  is  higher  than  100  Author 


N72-27301  Polytechnic  Inst  of  Brooklyn  Farmingdda.  NY 
Graduate  Center 

A CRITICAL  ANALYSIS  OF  NUMERICAL  TECHNIQUES 
THE  PIKTON  DRIVEN  INVISCID  FLOW 

G Moretti  In  AGARD  Numerical  Methods  m Fluid  Dyn  Msy 
1972  31  p refs  (For  avdilabiluy  see  N72  27293  18  1 2) 

IConirai:!  Nonr  839i30)  ARPA  Older  529) 

An  analysis  ol  procedures  (or  iha  computai»on  of 
one  drrienstonal  shocked  flow  was  made  m order  to  show  the 
mcor^voniertces  of  computing  finite  differences  across  a 
disconiinu.f,  end  to  prove  that  ih^  use  ol  tha  equations  of 
motion  if>  cor.'.ervation  form  does  not  make  the  reeulit  more 
accurete  A techn^^-ie  was  developed  to  treat  one  dirnensional 
loviscid  problems,  a.'d  >i  is  epplied  to  the  piobiem  c 
accelereing  piston  Wa>;  to  predict  the  lormeiion  of  • sih 
end  to  lollow  Its  evolution  are  given  Aut  - r 


NV2  27302  Polytechnic  Inst  of  Brooklyn.  Farmingdalt  N Y 
Graduate  Cer^tar 

TRANSIENT  AND  A8YMPTOTICA  AY  STEADY  FLOW  OF 
AN  INVISCID.  COMPRESSIBLE  OA6  PAST  A CIRCULAR 

cylinder 

G Moretti  fn  ACAHO  Numenral  Methods  in  Fluid  Oyn  May 
1972  19  p refs  IFor  avaiiabiiiiy  see  N72  2 7293  18  1 2) 

iComia-r  OAHCO-l  69  C 007  ?| 

X riiir;eri'..Sl  srialysis  it  rnuOe  <;f  |ti«  i-ivisr.irj  (low  piod-vced 
fiy  e cyliniJe*  wiuf.ii  a'.r.elerales  liorn  a stale  ol  rest  to  a 
constant  suo.v^tM'  s;  end  m a gss  )t  'es*  Ai.  (eetores  ol  ttie 
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numtncal  solution  «re  •Kplamad  on  physical  grounds  Ways  ara 
tuggatiad  to  computa  staadv  aubaonic  flows  around  obataclas 
With  a rnaximum  accuracy  and  a minimum  computaitooal  lima 

Author 


N72-27303  Polytechnic  Insi  of  Brooklyn  Farmingdaia  N r 
Graduata  Cantar 

THE  BLUNT  BODY  PBOBLEM  FOB  A VISCOUS  RABEFIEO 
OAS  FLOW 

G Moratli  arwJ  M D Salas  in  AGARD  Numerical  Mamods  in 
Fluid  Dyn  May  1972  15  p raft  (For  availability  aaa 

N72  27293  18-12) 

(Contract  Nonr-839(34)) 

A tima-oapandent  tachn.qua  davalopad  fo'  mviscid  blunt 
body  flows  was  axlendad  to  anaiyia  the  viscous  layer  r^Qima  la 
rarefied  gas  situation  where  viscosity  aHacts  most  of  the  shock 
layer  but  not  the  shock  wave  itsaM)  Navier-Stokes  aquations 
ware  used  To  maintain  accuracy,  the  (nonlinear)  mash  spacing 
was  adjusted  automatically  to  the  nature  of  the  velocity 
distribution  between  shock  and  body  In  this  way.  a wide  range 
of  Reynolds  numbers  can  be  scanned  The  technique  could  also 
be  used  at  high  Reynolds  numbers,  when  the  shock  layer  is 
practically  invisrtd  and  viscous  effects  are  confined  to  a 
boundary  layer  Oiscussion  of  numerical  expanmenis  is  given 

Author 


N72-2730A  Polytechnic  ln$i  of  Brooklyn  Farmingdale  N V 
Graduate  Canter 

THE  CHOICE  OF  A TIME  DEPENDENT  TECHNIQUE  IN 
GA6  DYNAMICS 

C MO'elti  /"»  AGAHO  Numerical  Methods  >n  Fluid  Oyr.  May 
1972  30  p refs  (For  availability 'ee  N72  27293  18  12l 

(Contract  Nonr-839!34)) 

A definition  of  the  word  technique,  as  related  lo  oumencai 
computatior^s  of  iima-dependent  problems  m gas  dynamics.  iS 
given  Requiramenti  of  accuracy,  economy,  and  fianbility  are 
considered  A technique  which  attempts  to  satisfy  them  is 
presented  Emphases  is  put  o.i  the  consistency  of  the  nume-'icaf 
procedure  with  tne  physical  problem  The  concepts  of  consfstency 
convergence  and  truncation  error  are  reemamined  Cedam 
breakdowns  »n  accuracy  occurring  in  regions  of  continuous  flow 
^ are  e«plemed  The  physical  role  played  by  discontinuities  and  ns 

numerical  countorp<*fi  are  discussed  Author 


N72  2730o  Cembndge  Unw  lEnglandi  fciigioper  ng  Oepf 
APPLICATION  OF  FINITE  ELEMENT  METHODS  IN  FLUID 
DYNAMICS 

0 H Norrie  and  G deVnes  ‘Calgary  Univ  Albertai  In  AGARO 
Numerical  Methods  in  Fluid  Dyn  May  1972  43  p refs  (For 

availability  se«  N72  27291  18  ?2i 

The  classification  of  Imite  element  methods  'S  presented 
Generafixed  Lagrangian  and  Hermitian  shape  fwnct  ons  are 
discussed  m relation  to  itie  finite  element  apprommation 
Variational  finite  element  methods  are  considered  for  equilibrium 
eigenvalue  and  propagation  problemt  Direct  finite  element 
methods  are  also  discussed  Sieafy  and  imstcady  potential  flow 
C>orous  rrtedia  flows  viscous  flow  gerieral  fluid  flows,  and  other 
fluid  applicat'ons  are  reviewed  The  cell  fmiie  element  method  is 
also  considered  K P 0 


1 N72  2730B  Boemy  Co  Seattle  Wasti 

computational  METHODS  FOR  INVISCIO  TRANSONIC 
I FLOWS  WITH  IMBEOOEO  SHOCK  WAVES 

Eerll  M Murman  !n  AGARO  Nurnenf.al  Mi-ltiOds  I-'I  Fluid  Oyn 
May  197?  36  (i  lelt  (Fur  availability  sec  V7?  ?7?93  10  12> 

Time  i ecbf'j'jes  rela«.iiiun  rueitiuds  and 

appruairnate  SOlul"j<i%  3'e  r.u"Si'Jr*f f»ij  wilb  cr>i(>li8S'S  tila'.erl  Oi» 

the  latest  deveioimients  CDrujiunng  iime^  i.  j ^jrar  y arid  irrope* 
treatn  eni  ni  shock  waves  aie  stresse«i  Auii>oi 


N72-27307  Freibuig  Univ  (West  Germany) 

NUMERICAL  TREATMENT  OF  TIME  DEPENDENT  THREE 
DIMENSIONAL  FLOWS 

K G Roesner  In  AGARD  Numerical  Methods  m Fluid  Oyn 
May  19*^2  31  p refs  (For  availability  see  N72  27293  lB-12) 

The  numerical  treatment  of  three  dimensional  tmie-dependent 
flows  of  an  ideal  gas  with  constant  ratio  of  specific  heats  was 
investigated  It  is  assumed  that  mside  the  flow  field,  r^o 
discof'tmuilies  occur  As  boundaries,  fixed  or  moving  rigid  body 
surfaces  end  shock  waves  were  allowed  This  type  of  gas  flow  is 
described  by  the  Euler  equations  with  appropriate  initial  and 
bour^dary  conditions  The  mathematical  tools  applied  to  this  gat 
dynamical  piobiem  aie  (1)  the  method  of  characteristics,  and 
(2)  the  method  of  fractional  steps  Th  .•  application  of  these 
methods  IS  discussed  for  some  definite  prob'ems  one  being  the 
time  dependom  intel  flow  through  a no;;ie  with  a three- 
dimensional  shape  of  its  con’our  the  other  the  time  depervjeni 
supersonic  (low  aiound  blunt  bodies  with  vanous  shapes  of  Iheir 
surfaces  A comparison  was  made  between  the  two  methods 
with  respect  to  the  r effectiveness  Author 


N72-27308  Socie'e  G'enobloise  d Etude  el  d Applications 
Hydrauliques  (France) 

PETULA  (PROGRAM  FOR  TLRBULENT  OR  LAMINAR 
FLOWS)  AN  EXAMPLE  OF  A COMPLEX  MATHEMATICAL 
MODEL  IN  FLUID  MECHANICS  jPETULA  (PROGRAMME 
DECOULEMENTS  TURBULENTS  OU  LAMINAIRES)  UN 
EXEMPLE  OE  MODELE  MATHCMATIQUE  COMPLEXE  EN 
MECHANIQUE  DES  FLUIDLS] 

M F Gauthier  In  AGARD  Numerical  Methods  m Flu'd  Dyn 
May  1972  13  p refs  In  FRENCH  (For  availability  see 

N72-27293  18  12) 

Trie  model  oetmition.  structure  ano  empincai  parameier 
identification  are  presented  Limiimy  conditions  and  adaptive 
coordinate  systems  are  considered  Convergence  considered 
for  the  nonlinear  model  Transi  by  K P D 

N72  33267«  Advisory  Group  for  Aurospace  Research  and 
Development  Pans  iFrance) 

EXPERIMENTS  ON  MANAGEMENT  OF  FREE  STREAM 
TURBULENCE 

R I Loehike  tin  insi  of  Tech  Chicagoi  and  H M Nayib  till 
lost  of  Tech  Chicago)  Sep  197?  11 J p refs 
(AGAfiO  R 598)  Avail  NTIS  HCS7  7f.  CSCL  20D 

Thr.  e-fects  of  vanous  passive  dev.'tes  (screens  perforated 
plates  porous  fnam  and  honeycomb  like  iTiairices  formed  with 
close. y packed  plasnc  drinking  straws*  on  free  stream  turbulence 
and  mean  velocity  profiles  are  studied  m aif  with  hot  wire 
ar.emomelry  and  m water  us'hr  hydrogen  bubbles  visualixation 
• hese  icrt*uience  rnanipuiaio's  are  viewed  as  operators  which 
suppress  the  level  of  the  incoming  turbulence  and  generate 
primanlv  through  documented  insiabiUties  new  tufbuler>ce  with 
scales  charactensiic  of  the  device  and  iis  shear  layers  For 
honeycombs  the  suppression  of  the  incoming  turbulence  iippears 
lo  be  rnosiiy  due  to  the  mliibmon  of  late  al  component!  of  ihe 
f'uriualing  velocily  For  .most  devices  it  s conjectured  Mat  part 
of  the  energy  m iht  undersirable  large'  scales  of  motion  drams 
away  through  Ihe  action  tjf  the  Reynolds  stresses  of  ihi:  smaller 
scale  laminar  and  turbulent  motions  tin'-.iudmg  the  instabihtu'si 
Thr  performance  ol  the  rnarupuiaiors  is  found  to  depend  on  the 

I fi<irar  leri.,|.r  i pf  thg  incoming  lurbulenrje  including  its  freguCncv 

Spectra  level  and  spatial  dislnbulion  and  on  the  muornmy  rr.ean 
flow  profiles  Ttie  cfti:a(.y  of  devices  generating  Is/ge  scale 
lurtiglences  «n  srnoottnny  out  gross  miiumogpueities  m the  mean 
velocity  piolilcs  is  illust<dtod  Author 


N73  11262*  Afivisoiy  OiQi/p  fpr  Aerospace  Researcti  ami 
Development  Karis  tkrancei 

TECHNICAL  EVALUATION  REPORT  CN  THE  AGARD 
SPECIALISTS  MEETING  ON  TURBUIENT  SHEAR  FLOWS 
H Mirtiei  jui  19/2  2?  t»  rols  Coril  tiei'J  at  lomlun 

13  15  Sep  19  7 1 

lAfiAHD  AR  40)  Ava.l  NIlS  S']?5 

Tfio  fTiam  '»•  lirii.pM’S  ap|)lier)  l'»  'i'csi?/»!  I'l'ti-jlmi  llrjw 
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and  axpanmantal  a«a  defined  Aiiamps  wara 
aifO  mada  to  opan  avanuet  \^h«ch  may  a>d  m tuch  atud«aa 
Data  cover  ganaral  problamt  phanorriana  and  anaiyiicai 
lachntguas  relating  to  the  flows  Turbulent  boundary  layon  wakes 
artd  jets  aie  discussed  E H W 

N73-1724S#  Adv«ory  Croup  for  Aaroepaca  Research  ar>d 
Development.  Pans  (Frartce) 
tUFCRSONIC  ELECTORS 

J J Gmoux.  ed  (Von  Karmen  Inal  for  Flu*d  Dyn ) Nov  1972 

1S4  p reft 

(AGAROograph  163.  AG ARO -AG- 1 63)  Avail  NTlS  HC 
$n  25 

A state  of  the  art  review  on  significant  progress  m the 
design  of  high  performar>ce  supersomc  electors  is  presentee^ 
Specific  summaries  cover  design  methods  for  ejector  systems 
wrth  second  throat  diffuser*.,  ejector  flow  models,  efector  desigru 
for  venous  applications,  arn)  ducted  mi«mg  and  burning  m coaxiai 
ftieams  For  irxlmdual  titles,  tee  N73- 1 7249  through  N73  ' 7253 

N73-17249  Dormer  Werke  GmbH.  Fnednehshafen  (West 
Germany) 

ONE  0IMENS1ONALINVI6CIO  ANALYSIS  OF  SUPERSONIC 
EJECTORS 

H T Uabelhack  In  AGARO  Supersonic  Ejectors  Nov  1972 

p 1-16  refs  (For  availabilitv  see  N73  17248  06-12) 

The  conservation  equations  are  used  to  analyre  the  one 
dimertsion.tl  flow  patterns  of  supersonic  ejectors  Two  regimes 
of  ejector  operation,  the  supersonic  and  mixed  flow  were 
studied  £ H W 

N73-172S0  Oormer-Werka  GmbH  . Friedrichshafen  (Weal 
Germar.v) 

ANALYSIS  AND  DESIGN  METHOD  FOR  EJECTOR  SYS* 
TCMS  WITH  SECOND  THROAT  DIFFUSERS 
H T Uebethack  M AGARO  Supersonic  Ejeciou  Nov  1972 

p 17-30  rets  (For  aviilatHlrty  see  N73-17248  06-i2l 

A flow  modal  xvhich  permits  the  detarmirtaiion  of  starting 
and  operatir^g  charecleosiics  of  a second  throat  ejecto-  system 
m defirted  Working  equanona  are  derived  ^rtd  design  procedure# 
deecnbed  The  limrta  of  application  wera  diaccsaed  ar>d  compered 
with  fxperimenta  Author 

N73-172S1  liiinoia  Unrv . Urban#  Oept  Of  Mechanical  ar>d 
Irtduatnal  Er>gir>eerir>g 

THE  ANALYSIS  OF  SUPERSONIC  EJECTOR  SYSTEMS 
A L Addy  In  AGARO  Supersonic  Ejectors  Nov  1972 
p 31-101  refs  (For  availability  see  N73-17246  08-12) 

An  analysia  of  the  ejector  flow  model  ar>d  >U  implementation 
It  presanted  Overall  ejector  porformerKi  charectanttict  were 
dehneated  on  the  bases  of  predominant  flow  mechamar^.}  which 
occur  within  the  vanoua  oparaiir>g  regimes  Data  on  operatir>g 
cherecteret  cs.  qualitetnre  aspects  of  the  ajector  flow  model,  and 
vanoua  proWam  area#  or  projected  problem  eraea  ara  examined 

Author 

N73-172S2  ARO.  Inc.  Arr>old  Air  Force  Station  Tenn 
EJECTOr.  DESIGN  FOR  A VARIETY  OF  APPLICATIONS 
Delbert  Taylor  In  ACARO  Superaomc  Ejectors  Nov  1972 
p 103-163  reft  (For  availability  see  N73-17248  08-12) 
(Contract  F40e00  69  C O001I 

Method#  and  techniques  developed  to  improve  the  perform- 
ertce  artd  applicetiont  of  various  ajector  deaigrtt  ara  examined 
Oete  cover  fixed  value  simple  design  end  variable  area  / variable 
pressure  ejectors  E H W 

N73-172S3  ARO.  Ir>c . Arnold  Air  Force  Station.  Tenn 
ANALYSIS  OF  DUCTED  MIXING  AND  BURNING  OF 
COAXIAL  SIREAMS 

C E Peters  fn  AGARO  S^ipersomc  Ejector*  Nov  1972 
p 165  167  rets  (For  evaiiabiiw  •ee  N73  17248  06  12) 
(Contract  F40600  69  C 0001) 

An  exientne  theoretical  end  aipertmental  invet(igatK>n  of 
ducted  miKir>g  «raa  cor^ducted  The  bet'c  objective  wet  to  develop 
•n  edequete  engineering  theory  to  describe  the  ducted  mtxir>g 
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proceea.  including  chemical  raecbont  Emphesa  waa  placed  on 
reletnreiy  long  mixir^  aystems  m which  if»#  mixir>g  layer  may 
extend  mrer  moet  or  ell  of  the  duct  croee  eectipn  et  the  exit 
pler>e  The  duct  preteure  distribution  wiH  be  Slrongfy  influerKed 
by  the  lh<k  mixing  layers,  will  be  very  different  from  the 
mviecid  preteure  diatnbutior^  Three  di*tir«ct  flow  regimes  ara 
shown  (A  the  mixir%g  flow  In  the  first  regime,  turbulent  mixing 
occurs  between  the  aecoodery  flow  end  the  core  of  irwiscid 
pnmary  flow  In  the  second  regims.  the  invitcKJ  core  has 
dtteipeied.  but  a region  of  inviacid  secondary  flow  exists  r>ear 
the  duct  wet!  The  third  regime  occurs  after  the  mixir^  leyer 
hee  apreed  to  the  wall,  ar^  the  flow  is  entirety  lurtKileni. 

Author 


N73-26279a  Muvi>orv  Group  for  Acfosprue  Research  and 
Devalopmani.  Paris  {France)  Fluid  Oynarn'CS  Panel 
FLIMO  MOTION  PROBLEMS  IN  WIND  TUNNEL  DESIGN 
Api  1973  68  p relt 

lAGARD  R 602.  AGARD  p02)  Avail  NTlS  HC  S5  5C 

A senes  o'  research  papers  is  presented  reiaimg  to  the  dc<^ign 
ar^  operatior  of  ow  speed  and  transonic  wmd  tunnels  v^.ith 
perticular  emphas  . on  the  astciatec}  fluid  motion  problems 
For  individual  titles,  see  N73  26280  through  N73-26285 

N73-26260  Deutsche  Forschungs  und  Versuchsanstalt  (uer 
Luh-  und  Raumfahn.  Pori  (West  Germany)  inst  fuer  Angewandte 
Gesdynamik 

THE  INFLUENCE  OF  THE  FREE  STREAM  REYNOLDS 
NUMBER  ON  TRANSITION  IN  THE  BOUNDARY  LAYER 
ON  AN  INFINITE  SWEPT  WING 

£ H Hiftchel  In  AGARO  Fluid  Mution  Probl  m Wmd  Tunnel 
Design  Apr  1973  1 1 p lels  iFo'  availability  see  N73  26279 

17  121 

The  thiee  dimensional  Lompres^iLle  laminar  bo  indary  layer 
on  .41.  mfmiie  swept  wing  at  diffceol  sweep  angles  is  calculated 
and  stability  and  transition  cnteria  a>e  applied  to  it  for  frtn  siream 
Reynolds  numbers  ranging  from  values  possible  nowa.lays  m 
x.ai'sonic  wind  tunne's  to  values  typically  for  lull  scale  flight 
The  distribution  of  the  mviscid  flow  is  taken  fiom  experiments 
on  airfcils  and  exhibits  for  subsortic  free  stream  Mach  numbers 
$upersof>ic  regions  leiminating  in  ..hpck  waves  at  about  20  percent 
chord  length  R<>sulis  ..re  g>ven  for  foui  Uilfeient  wmg  sect.ont 
The  techniques  em;jloyed  and  their  shortcomings  are  discussed 

Author 

N73-26281  Royal  ^irciah  Establishment.  Farnborough  (Eng- 
land) 

SOME  EXAMPLES  OF  thE  APPLICATION  OF  METHODS 
FOR  THE  PRED.’CTION  OF  BOUNDARY  LAYER  TRANSI- 
TION ON  SHEARED  WINGS 

0 A Treadgold  and  J A Beasley  In  ^aGARO  Fluid  Motion 

ProbI  in  Wind  Tunnel  Design  Apr  1973  1 p refe  (For 

avaiiabilr-y  see  N73  262  79  1 7 12) 

The  laminar  boundary  layer  was  calculated  for  the  leading- 
edge  region  of  four  selected  airfoils  lor  cases  where  the 
superc'il'cal  region  IS  terminated  by  a shock  wave  at  about 
20%  chord  1he  possibility  oi  the  b'lundary  layer  becoming 
(urbuie*''!  before  the  shock  v^ave  is  the''  considered  according 
to  four  d Parent  criteria  lpa>ling  edge  contamination,  re- 
laminerisation  swe*p  insiabiiily  end  ToUmien  Schhchlmg 
insiebility  Mart/  Simplifying  assumption,  ftavc  fttd  10  txe  made. 
siHi  e the  purpose  of  the  report  IS  dfcrrronstrale  how  the  problem 
might  be  trealerj  laiher  iha'>  to  pieseni  (Jifmit.ve  results,  and 

1 Ow  the  vdMOuS  rnecfianivrns  are  seen  n cunjurici  on  It  is 
concluderl  tfiat  rnucli  more  rieedS  to  he  fnown  boforo  predictions 
can  be  made  confid  -niiy  wiifi  <my  degree  of  precisior.  AuthQ- 

N73  26282  Rovot  Atn.rafi  Es'a  /'ishment  Bedford  'Erglanr) 

THE  NEED  FDH  HIGH  HETNOLU:  NUMSER  TRANSONIC 
TUNNF'  S 

C fl  /m  .‘'GAHD  Fli  d Motif  ProbI  m Wuid  Turmel 

Design  A(>-  13  p 'ofs  Ifrjr  availability  see  NO  262/1 

1 / I ?i 

Ttie  pre^ffi-  gijnerai'rni  of  l arHonn.  tunnels  cenr^ol  Simulate 
full  scale  flow  a>  c mi«  gi  poini«,  ol  the  fiigtit  enveloped  for  meny 
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currfnt  aircraft  designs  ar>d  there  is  an  urgent  need  for  new 
tunnais  which  would  permit  model  tests  to  be  made  at  much 
higher  Reynolds  numbers  New  tunnels  are  propr^aed  that  would 
allow  good  simulations  of  aircraft  shape  to  be  made  for  a wide 
range  of  model  tests  this  limits  th#  maKimum  tu'inai  total  pressure 
to  about  8 bare  A Reynolds  number  range  which  covers  ebout 
helf  the  full  scale  range  is  advocated,  demanding  a working  section 
area  cf  about  25m  squared  The  tunnels  wr^uld  have  low  levels 
of  free-streem  turbulence  and  be  capable  of  operation  under 
cor>dit«ona  giving  little  heat  transfer  to  the  .Tiodel  Running  timat 
of  at  leaat  10  sec  are  requirad  Author 

N73-26283  Royal  Aircraft  Establ.shrrent  Bedford  (England) 
ON  THE  INFLUENCE  OF  FREE  STREAM  TUReULENCE  ON 
A TURBULENT  BOUNDARY  LAYEF..  AS  IT  RELATES  TO 
WIND  TUNNEL  TESTING  AT  SUBSONIC  SPEEDS 
J E Green  In  AGARD  Fluid  Moton  ProbI  in  Wind  TunnsI 
Design  Apr  1973  6 p refs  (For  availability  see  N73  26279 

17  12* 

Published  experimental  measur'*ments  are  reviewed  which 
show  the  turbulent  boundary  layer  to  be  highly  sensitive  to 
turbulence  m the  free-siream  in  2aro  pressure  gra  i<ent  a srnall 
increase  m the  streamwise  rms  valocity  fluctuation  is  found  lo 
have  the  same  effect  on  the  sh.ipe  of  (he  velocity  profile  as  a 
fractional  increase  m Reynolds  lumber  roughly  sixty  limes  -ja 
grea*  H is  concluded  that  thi>  effect  needs  to  be  taken  into 
account  m planning  new  wmd  funnels  for  s ibsonic  and  trar>sonic 
testing  at  high  Reynolds  ngrr.ber  Further  experirrientai  wo-k  is 
needed  to  clarify  the  importance  of  turbulence  scale,  the  infnjence 
of  pressure  gradients  and  influence  of  'ad'ated  pressure  tas 
opposed  (0  convected  vorticly)  fluctuations  Author 

N73.26284  Deutsche  .r.d  fuo* 

Luft  und  Raumfahrt  Berim  (vVest  Germany)  Inst  fucr 
T irbulen/forschung 

EFFECTS  OF  TURBULENCE  AND  NOISE  ON  WIND  TUNNEL 
MEASUREMENTS  AT  TRANSONIC  SPEEDS 
Adalbert  Timme  In  ACARO  FiukJ  Motion  Piobi  in  Wind  Tunnel 
Design  Apr  1973  12  p 'efs  ‘For  availability  see  N73-26279 

17-12) 

Current  knowledge  is  reviewed  ol  the  effects  of  flow 
unsteadiness  on  steady  and  dynamic  rr.easurements  on  models 
in  wind  tunnels  at  transonic  speeds  It  is  found  that  m most 
cases  the  influence  of  the  pressure  or  velocity  fluctuations  on 
flow  patterns  such  as  bo-indary  layers  with  transition  or  separation 
bubble  flow  or  shock  mtaraciion  is  quantitatively  known  from 
experiments  only  for  pa  iicular  parameter  combinations  No 
universal  information  about  the  iurhulen.;e  effect  m different 
situations  iS  found  npf  is  there  a general  theory  ir.cloding  all 
ubse'ved  e'fecis  at  conaitions  o>  interest  Uniy  m the  case  of  a 
turbulent  boundary  laye.  at  zero  pressure  gradient  a quaniita 
I've  relation  it  known  between  the  turbulence  m the  free  stream 
and  the  boundary  layer  deveiopr.neni  It  »s  conciud'“d  theiefu-'e, 
that  new  experimental  work  usmg  advanced  measuring  techniques 
and  a secured  theoretical  backgrour-d  is  urgently  needed  for 
planning  new  wind  tunnels  for  transonic  testing  at  high  Reynolds 
numbers  Author 


N73  26286  Cuy  Uaiv  London  iEngiandi  Oep:  of  Aeronau 
ties 

DESIGN  OF  VENTILATED  WALLS  WITH  SPECIAL  EM 
PHASI8  ON  THE  ASPECT  OF  NOISE  G-NERATION 

R N Com  and  M M Froesiori©  in  AGARD  Fluid  Mr.ti-on 
ProbI  m Wmd  Tunnel  Oes'gri  Apr  1973  7 p »ef*.  iFor 

ava.iabiii'y  see  N73  262  79  i 7 I2i 

The  parameters  mHuenc'iy  the-  design  of  veniilai';d  wmd 
.._.«r-ci  v.-at'-  cu  -cn!  j-c  C--C/.CJ  .i'd 

Ir/  Such  walls  >s  .inaiy/ed  Oy  -f'awiny  an  analogy  hciween  'esuMS 
Iforn  flows  past  1 wo  rjimrr.sionai  lavitir  s irir!  f'.e  diS'.rete 
f'erjiienc  y tories  genu'die-l  \>t  wjlls  sugyps('Oi*s 

Jre  made  ab'  ul  U'C  ir,fi..i»anisn.s  »o--  tl>  • toot's  f mally 

vo'iie  i)OH«r>le  'ned  o'J*;  of  f«i)';''ir»j  uha  anl»’d  nz've  from  foncel 

walls  flie  diS'-ossurJ  Ai/|tioi 


N74  120421  Imperial  Coll  ol  Science  and  Tochnologv.  London 
(England)  Dept  of  Aeronautics 

EFFECTS  OF  STREAMUNE  CURVATURE  ON  TURBULENT 
FLOW 

P Bradshaw  Pens  CARD  Agg  1973  30  p refs 
(AGARD  AG  169.  AGARDograph  169)  Avai'  NTIS  HC  $4  00 
Streamline  curvature  in  the  plane  of  the  mean  shear  produce 
surprisingly  large  changes  m the  turbulence  structure  of  sheer 
layers  These  changes  are  usually  en  order  of  macnitude  more 
important  than  normal  pressure  gradients  and  other  explicit 
terms  appearing  in  the  mean-equations  for  curved  flows  The 
effects  on  momeftium  and  haai  transfer  in  boundary  layers  are 
noticeable  on  typical  wing  sections  ar^o  are  very  impohent  on 
highly  cambered  turbomachme  blades,  turbulence  may  be  nearly 
eliminated  on  highly  convex  surfaces  while  on  highly-concave 
Surface  momentum  transfer  by  quasi  steady  longitudinal  vortices 
dominates  the  ordinary  turbulence  processes  The  greatly 
anhanced  mixing  rates  of  swirling  jels  and  the  characteristic 
non  turtoulani  cores  of  trailing  vertices  are  also  consequences  of 
the  effects  ol  streamline  curvature  on  the  turbulence  s*ructure 

Author 

N74  I8923f  Advisory  Group  for  Aerospace  Research  and 

Development  Pa"s  (France) 

AERODYNAMIC  INTERFERENCE  INDUCED  BY  REACTION 
CONTROLS 

F w Spaid  iMcOonneii  Douglas  Corp  Huntington  Beach  Calif ) 

L A Cassei  (McOonneN  Douglas  Corp  Huntipgton  Beach  Caid  ) 
and  R € Wilson,  ed  (Naval  O'dna-ce  Lab  White  Oak  Md  I 
Dec  1973  6b  p rets 

(AGARDograph  173  AGARD  AG  173)  Avail  NTiS  HC  $6  50 
The  literature  penaming  to  the  mteraciic'i  of  a some  or 
supersonic  gaseous  jet  with  c irarisverse  external  flow  has  besn 
review  1 ThA  flAvvf*eids  2SSC*:;31Cd  ’.v:th  these  .nteracl.Or.S  <»‘'e 
compIcA  and  kriuwleOge  of  them  is  based  largely  on  results  of 
viperiments  Numerous  examp.es  of  data  f'oni  hatplaie  expert 
ments  are  presented  These  include  static  pressure  disinbulion. 
ii^uced  forces  flowfieid  survey  ^ric  flow  visuai'tatior  results 
Analyses  and  co'<e)ai:or^  techniques  lo>  lei  inieractK^ii  liw  ^s  are 
discussed  The  region  upstrearn  of  a )ei  m iwu  dimensional  How 
•s  Similar  to  the  flow  upstream  of  a forward  facing  step  and 
the  flow  associated  with  a iei  from  a circular  noztie  in  a flat 
plate  resembles  the  flow  past  a bluni  nosed  slender  body  The 
Single  most  imp(.)ri3nt  variable  lO  deiermirnng  the  Scale  of  (hes^ 
interactions  is  the  ratio  of  )ei  momeriium  flux  to  the  external  flow 
dynamic  pressure  Whrn  the  externa)  flow  is  subsonic  i)>e 
interaction  is  sensitive  lu  external  How  Mach  number  m the  high 
subsonic  Mach  number  <angc  and  to  the  ratio  be'’**®^n  jet  and 
external  How  velocity  m the  low  Mach  number  range  Author 

N74  18924m  Advisory  G'Oijp  for  Aerospace  Research  and 
Development  Paris  iFraricn) 

digital  techniques  in  TURBULENCE  RESEARCH 
C H Gibson  (Calif  Univ  La  joMai  and  P A Libby  ed  (Ceiif 
U-iiv  1 Dec  1973  30  p 'els 

(Contracts  0AMC04  72  C 0037  NOOO 1 4 69  A 0200  6006 
NOOOM  69  A r^209  6039  NSF  r,A 

(AGARDograph  174  AGARD  AG  1 74)  Avail  NTIS  HC  $4  bU 
Rapid  advances  m eiecir-jmc  mforniation  ^.rocessmg  capabiii 
lies  3't  providing  powerful  lools  for  turbulence  research  MaeS've 
quariiti^s  of  experimental  information  are  necessary  to  char 
acienze  most  turbulent  Hows  given  the  firimitive  nature  of 
iheorehcai  understanding  in  [it  field  Anaiyt.cal  trejiments  are 
equally  dependen;  on  power!  ji  high  speed  computers  to  cope 
with  the  most  truncated  form  of  the  full  turbulence  probierp 

Ao'.tior 


N74  22914.x  Adviso-v  '.'oup  fo»  Aerospace  Research  an-d 
Devefe;  men:  fT.-jr.^c; 

ADVANCES  IN  NUMERICAL  FLUID  DYNAMICS 

Ffb  1973  146  p refs 

(AGARD  LS  64:  Avail  NTIS  HCSlObO 

lecturrs  are  preserited  on  the  theory  of  numencal  slebiliiy 
for  linear  and  nonlinear  fiyfjerlK>lic  an(J  (la'atiOl'C  equ#(iOn» 
fundameniai  aspeus  of  inieyraiion  protedores  lor  nonimtar  How 
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problem*  including  shock;s  by  fin»i«  differenct  lechniqubs.  and 
Nodamantal  concepts  axtentions.  and  g^^oralKations  of  the  finite 
elament  methods  For  individual  titles,  see  N74-2291S  through 
N74-22921 


N74-22916  Uppsala  Univ  (Sweden)  Dept  of  Computer 
Sciences 

80UN0A9IV  CONOmONSFOR  OIFFCRENCE  APPROXIMA- 
TION OF  HYPERBOLIC  DIFFERENTIAL  EQUATIONS 
Heiru  Otio  Kreiss  /n  AGARO  Advan  in  Numerical  Fluid  Oyn 
Feb  1973  13  p rate  (For  Bvailability  see  N74  22F  14  14-12) 

Time  dependent  problems  involving  the  processes  of  wave 
propagation  and  diffusion  are  deah  with  Solutions  are  given  for 
calculating  the  boundary  conditions  and  the  difft*renr  e approxima- 
tK>n  for  hyperboiic  differential  epuations  m one  spice  dimension 
Saparaia  solutions  arc  shown  for  equations  m more  than  ona 
space  dimansion  0 L G 

N74-2291S  New  York  Ui-iv  N Y Courant  Inst  of  Mathematical 
Studies 

NONLINEAR  TIME  DEPENDENT  PROBLEMS  IN  FLUID 

dynamics 

Samuel  Z Burstem  in  AGARO  Advan  m Nur  erical  Fluid  Oyn 
Fab  1973  20  p refs  (For  availability  sae  N7t  22914  '4-12) 
Thrae  nonlinear  problems  m mviscid  fluid  dynamics  3re 
discussed  First  we  consider  unforced  finite  arrplitude  vibrations 
of  an  undamped  gas  m a resonant  cavity  The  efect  of  amplitude 
on  'he  Vibrational  frequency  and  wave  shape  is  obtained  by 
nume  xal  integration  of  the  complete  nonlinear  equations  The 
second  problem  is  a nonlinear  vibration  prob'em  with  f nite 
amplitude  motion  generated  by  a thermal  forcing  function  The 
forcing  function  ts  represented  by  a dilute  apra>  of  combustible 
fuel  droplets  m an  oxidmng  environment  In  the  last  problem  a 
computation  in  transonic  flow  is  described  Author 

N74  22917  Von  Karmen  lost  for  Fluid  Dynamics.  Rhode-Samt- 
Oenasa  (Belgium) 

NUMERICAL  (NTEORATION  OF  NAVIER  STOKES  EQUA 
TION8 

H J Wirz  and  J J Smoldereii  /n  AGARO  Advan  in  Numerical 
Fluid  Dyn  Feb  1973  13  p refs  (For  availability  see  N74  229 1 4 
14.121 

Tha  Eulanan  form  of  the  Navier  Stokes  equations  is  analysed 
A System  of  padial  differential  equations  is  obt  imed  by  expressing 
the  conservation  of  mass,  momentum,  and  energy  m Eulanan 
coordinates  Several  categories  of  bcunoary  conditions  are 
considered  together  with  selected  discretn^fdon  metnods  The 
requirements  of  convergence  consistency  and  stability  are  dealt 
wrth  as  well  at  the  aspects  of  accuracy  end  error  bounds 

ur  L vj 

N74-2291B  Techmsche  Hochschuie.  Aacf.en  (\Nest  Germany) 
Aerodynamifches  Inst 

NUMERICAL  TREATMENT  OF  BOUNDARY  LAYER  PROB 
L£M8 

Fgon  Krause  In  AGARO  Advan  in  Numerical  Fluid  Oyn  Feb 
1973  21  p refv  (Fo>  availability  sae  N74  22914  14  121 

Finite  difference  solut'Ons  for  three-dimensional  compressible 
larruner  and  incompressible  turbulent  boundary  layers  are 
discussed  in  detail  Several  fmito  difference  approximations  are 
introduced  with  their  respective  stability  limits  as  obtained  from 
a Imeariied  stability  analysis  and  numer  cal  calculation  The 
imponarKe  of  the  domain  of  dependence  and  the  region  of 
iniluance  lo  three  dirnensionai  boundary  layers  is  elucidated  The 
equations  of  motion  a'e  given  m orthogonal  and  rion  orthr'gonal 
r.oordioates  A dlscut<ll:>r^  of  surface  and  external  Inw  oritontaterl 
system  of  coordinates  is  included  For  turbulent  (lows  the  erfdy 
Viscosity  concept  expressed  through  a mixing  lengih  is  adopted 

fc'  dejc'iptiO''  p*  th^  t'j'b'ji**n* 

different  apprcxunations  used  m the  recent  literature  fo'  closure 
assumptions  are  compared  witfi  the  transport  equations  for  the 
components  of  the  InrbuSeri:  shernng  sirbss  »'i  three  d'rnens'fjnat 
flows  at  givar.  try  bradshaw  The  finite  difference  solution 
ernpioyed  if  #n  implicit  on*  wfucfi  does  not  req.jire  additional 
assumptions  fo'  the  laminai  sut>layer  Sei.ord  and  (ri.i-iri  order 


finite  difference  approximations  enabla  acceptable  computation 
limes  Several  results  of  sample  calculations  demonstrate  the 
application  of  the  method  presented  Author 

N74-22919*  National  Aeronautics  arxl  Space  Administration 
Ames  Research  Center  Moffett  Field  Ca'if 

SURVEY  OF  COMPUTATIONAL  METHODS  FOR  THREE 
DIMENSIONAL  SUPERSONIC  INVISCIO  FLOWS  WH  H 
SHOCKS 

R W MacCormack  and  R F Aarmiog  In  AGAHO  Advan  in 
Numerical  Fluid  Dyn  Feb  1973  20  p refs  (For  availability 

see  N74  22914  14  12) 

Hyperbolic  systanis  of  partial  differential  equations  gr'vaming 
Supersonic  invisc<d  hows  are  discussed  and  analysed  Finite- 
difference  analogues  for  integrating  these  systems  m the  iriierior 
of  fluid  domains  are  de*:cribea  from  two  points  of  view  a 
differential  foim  approach  and  an  integral  form  approach  The 
algorithms  presentad  are  anr^ly^ed  for  sit*biliiy  and  accuracy  The 
concept  of  time  splitting  i$  discussed  and  supplied  to  these 
methods  to  achieve  increased  numerical  efficiency  Techniques 
for  troaiirg  cor^d■tlr>ns  at  the  boundaries  c*  the  fluid  domam 
and  shock  wave  discontinuities  at  surfaces  within  the  domain 
are  described  Author 

N74-22920  General  Dyriamics,  Astronautics  San  Diego.  Calif 
Aerospace  Oiv 

A SURVEY  OF  COMPUTATlONAI  METHODS  FOR  20  AND 
3D  TRANSONIC  FLOWS  WITH  SHOCKS 
H Yoshihara  M AGARC  Advan  m Numerical  Fluid  Oyn  Feb 
1973  35  p refs  (For  availability  *ee  N74  22914  14  12) 

More  recent  devaloprnents  in  the  calculation  of  steaoy 
transonic  flgws  with  shocks  us.ng  the  finite  difference  procedure 
ere  reviewed  For  the  planar  case  the  unsteady  procedure  of 
Megnijs- Ynxhihjf X re»*<*p  jr»d  thf  $’.-5ady  'e'3x?'*on  procedures 
cf  Murman  Cole  ismai,  disturbance)  Garabedian.Kom  lexacti 
and  Jameson  (exact)  are  described  stressing  their  viabiHy 
panicuiariy  m terms  ol  their  ability  to  capture  the  embedded 
shocks  properly  Numerous  examples  are  presented  The  review 
IS  then  concluded  by  a description  ol  isverai  axial  symmetric 
end  three  dimensionai  calculations  earned  out  by  NASA  Author 

N74-22921  Edinburgh  Univ  (Scotland)  Fluid  Mechanics  Unit 
NUMERICAL  TREATMENT  OF  FLUID  DYNAMICAL  STABIL 
ITY  PROBLEMS 

MAS  floss  In  AGAflD  Advan  in  Numerical  Fluid  Dyn 
Feb  1973  24  p refs  (For  availabihiy  see  N74  22914  14  12) 

Various  theones  are  reviewed  which  led  up  to  the  modified 
Rayleigh  model  for  finite  amplitude  disturbances  The  derivation 
and  properties  ol  the  Orr  Sommerfeld  equatior^  are  given  along 
with  applications  lo'  parallel  fiov/s  bounded  by  solid  walls,  pi^na 
poiseuille  flow  and  eif^enfunct'On  expansions  RjOlished  numenca 
methods  and  model*^  the  develonmeni  of  turbulence  ar® 
reviewed  whici*  include  implicit  methorJs.  explicit  i^ethods  single 
function  methods  parallel  function  methods,  and  the  treatment 
of  orihonormaiiiation  D L G 
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13  GEOPHYSICS 

IncliKles  •«ronomy  upper  tnd  lower  etmoiphere  utudies- 
oceanogrephv.  cartography,  tnrj  geodesy  For  rallied 
■nformaiion  see  also  20  Meteorology.  29  Space  Radiation, 
and  30  Space  Sciencas 


N72-26346^  Advisory  Group  lor  Aerospace  Research  and 
Davalopiriant.  Pans  (Franca) 

NOMENCLATURE  OF  TERRAIN  COLOUR 
I C Perry  (rieadquarters  Army  Aviation  Centra  Middle  tValljp, 
Engl)  Mar  1972  9 p In  ENGLISH,  partly  in  FRENCH 

Original  contains  color  illustrations 

(AGARO'AG  159  AGAR0ogr«ph'159|  Avail  NTIS  HC$3IX) 

A Simple  method  by  which  color  mey  be  universally 
rdentified  is  described  and  illusirated  The  system  is  designed  to 
(unction  a precise  color  identification  schema  regardiese  of 

language  translation  or  individual  mteiprataiion  Such  a tystam  is 
iihportanl  m air-giound  communications  of  aircraft  and  spacecraft 
and  various  other  scientific  endeavors  where  exactness  is 
necessary  £ H W 


N73-22--S0ii  Advisory  Group  for  Aerospace  Research  aivj 
Oevelopnieni.  Pans  (France) 

total  ELECTRON  CONTENT  AND  SCINTILLATION 
STUDIES  OF  THE  IONOSPHERE 
Jules  Aarons  ed  (AFCRL)  Mar  1973  1 12  p refs 
(AGAflO  AG  166  AGAROograph  1661  Avail  NTIS  HC  $7  75 
The  current  stale  of  know'edge  of  ionospheric  total  electron 
content  is  outtineo  with  special  emphasis  placed  on  the  North 
Atlantic  region  of  the  world  doe  to  NATO  special  requirements 
in  thi;  region  A numerical  mede'  of  total  electron  content  valid 
O'  er  the  European  continent  under  certam  conditions,  is  presented 
(or  systems  engineering  use  (or  an  average  nackground  total 
electron  content  correction  Typical  valuet  of  tolnl  election 
content  are  also  given  at  various  locations  m the  high,  middle 
and  equatorial  latitudes  Wiih  more  observatior.al  data  being  taken 
at  many  locations  an  overall  satisfactory  picture  of  the  world 
wide  behavior  of  this  important  parameter  is  beginriing  to 

Author 


__N  74  14084a  Art,  • iso^Y  Group  (or  Aerospace  Research  ano 

Development  F.im'  Francei 

NUMERICAL  MODELS  OF  TOTAL  ELECTRON  CONTENT 
OVER  EUROPE  ANO  THE  MEDITERRANEAN  ANO  MULTI 
STATION  scintillation  COMPARISONS 
^John  A Klobuchar  '/sFCRU  anp  Juies  Aa-ons  iaiCRL'  Nov 
1973  50  p refs 

(AGARD  AG  166A  AGAROograph  166mi  Avail  NTiS 

HC  $4  50 

A numeriLal  model  of  the  total  electron  content  over  Europe 
for  Sunspot  rnimmum  conTjittons  was  described  and  a complete 
computer  subroutine  of  the  model  is  given  A Tf  C rriodel  value 
was  obtained  Irom  the  subroutine  by  spe<*ilv'r'y  a season  for 
one  o'  the  sola,  flu*  conditions  coniameri  iri  me  model  a 
geograpliic  iaiMude  and  a local  time  Comp.jtpf  drawn  isocontours 
ol  the  or»ginai  TEC  data  are  shown  along  with  crjniours  of  thp 
fnor1?l  Output  For  individual  I'Hes  N74  14085  throuQti 

N74  14088 

N/4  14085  Air  f'j.'ce  Car  tjiidge  Researcti  Lai  ■■  L G Hanscom 
Field  Mass  ionosDt»en'.  ‘‘bysics  Lai* 

A numerical  model  of  tec  over  EUROPE  FOR 
bUNbPOl  MtNtMu^  CONDtTiONS  2 

John  A Klr>b^if  tijf  /n  AGARO  Numerical  M'j'Jeis  Of  Tr/tal 
fir^'.ifon  Conier't  uv*'  and  the  MerJiiF .1  anean  a“d 

M'jHi  Siaiiori  Scif'iiHaiion  CrjinDd'isons  Noy  ly/J  I-  ? 15  ref'» 
•I'j'  availability  v.?*;  *4/4  M084  05  1 j> 

rtii.  cornijltoie  fnO'll'l  *C"  <•>  givi.n  al’f-.y  Wilt* 

fhe  coefficie"ts  necessary  to  determine  TEC  at  ony  local  nme 
ir>d  latitude  tor  ea'.ti  of  r.me  different  seasons  Aisn  st’owf.  a'e 


Preceding  jiage  blank 


computer  drawn  isocontours.  redrawn  from  (he  original  data, 
and  isocontours  of  the  rrtodel  output  lor  each  seafror  Ajthor 

N74-14086  Air  Force  Cambridge  Research  Labs.  L G Henscorn 
Field  Mass  Ionospheric  Physics  Lab 

A NUMERICAL  MODEL  OF  TEC  OVER  THE  MbOITER 
RANEAN  AREA 

John  A Klobuchflr  /o  AGARO  Numerical  Models  of  Total 
Electron  Content  over  Europe  and  the  Mediterranean  and 
Multi-Station  Scintillation  Comparisons  Nov  1973  p IQ  22 
(For  availability  see  N74-14084  05-13) 

A nurrib''cal  computer  program  subroiitme  model  of  the  total 
electror>  content  !T£C)  of  the  ionosphere  over  the  Mediterraneai'i 
area  was  constructed  using  mean  seasonal  data  taken  at 
''thens.  Greece  Data  (or  four  seasons  a e avai'able  and  a separate 
numerical  r^odei  r6p>eser>tanon  of  the  data  was  made  for  eech 
season  The  TEC  of  the  iorx>sphere  produces  an  additional  delay 
in  the  travel  time  of  radio  waves  over  the«r  free  space  velocity 
Thus  a rtumencal  representation  of  this  additional  time  delay 
can  oe  useful  m plarinmg  and  operating  such  systems  Author 

N74  14087  Air  Force  Cambridge  Research  Labs  L G Hanscom 
Field  Mass  Ionospheric  Physics  Lab 

MULT)  STATION  OBSERVATIONS  NOVEMBER  1971  ■ 
MARCH  1972 

Jules  Aarons  /n  ACARD  Nurnencal  Models  of  Total  Electron 
Content  over  Europe  and  the  Mediterranean  and  Mult*- Station 
Scintillation  Comparisons  Nov  1973  p 24  29  refs  fFor 
availability  see  N74  14084  05  131 

In  November  1971.  cbservatioris  ol  the  136  MHt  beacon 
of  Intelsat  2F2  became  pfsssible  m Western  Europe  With  the 
advent  of  mjltisiatipn  observations  m Western  Europe,  a 
comparison  pf  middle  !c  low  'at  tude  da*?  became  fea^ihU 

Author 

N 74  14088  Air  Force  Cambridge  Re'.earch  labs  , L G Hahscom 
Field  Mass  Ionospheric  Physics  Lab 

THE  effect  of  THE  AUGUST  1972  MAGNETIC  STORMS 
On  SCINTILLATION 

Jules  Aarons  and  Eileen  Ma>irn  (Emmanuel  Coll  ) /n  AGARO 
Numerreal  Models  of  Total  Electron  Content  over  Europe  and 
the  Mediterranean  ano  MuHi  Station  Scintillation  Comparisons 
Nov  197. 1 p 30  44  ref  (For  availability  see  N741 4084  05 • 1 3> 
During  the  penod  2 August  to  10  August  1972.  a series  of 
(tares  on  the  Sun  triggered  another  senes  of  geophys.cai  events 
The  rei  Itmg  mag.nciic  storms  were  of  great  intensity  with  K 
sub  c reaching  values  ol  9 the  mammuni  inder  twice  The 
effect  or>  scintillations  is  of  interest  m two  ways  First,  it  provider 
a worst  case  period  so  that  a long  time  interval  can  be 
anaiy/ed  Secondly  it  provides  a test  for  the  descriptive  mooei 

Author 
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Includes  design,  inttslleiioi-.  end  testing  of  instiumentetion 
systems,  gyroscopes,  measuring  iristruments  end  gages, 
recorders,  transducers,  aerial  photography,  and  telescopes 
and  cameras 


N7t-20U02s  Advisory  Group  for  Aerospace  Research  and 
Oeveiopmeni  Pans  iFiancel 

A literature  survey  on  the  gyroscope  and  its 

APPLICATIONS 

Helmut  Sorq  iSiuuqari  Univ  . FfC)  ‘,071  23  p --els 
■ AGARO  582  7 ti  Avail  NTiS 

A consolidated  listing  is  presenied  of  all  known  unclassified 
lens  wriich  are  readily  available  to  scientists  and  cncnrieers  iiom 
commercial  sources  documentation  centers  and  public  as  well  as 
corporaie  libraries  Each  eni'v  cues  the  aurnor  publication  year 
title  documentaiion  center  source  and  a brief  uhstract  o(  the  work 

Author 


N71-36776#'  Advisory  Group  for  Aerospace  Research  and 
Development  Pars  (France) 

RELIAatLITY  Of  AVIONICS  SYSTEMS 

Jul  1971  191  0 refs  Mostly  in  ENGLISH,  partly  in  FRENCH 

Conf  iieij  ifi  Ruino.  1C  *7  Sep  1071  and  London  20  21  Sc? 
1971.  Sponsored  hy  Ayionics  Panel  and  Eichange  Programme 
of  AGARO  Its  Lecture  Senes  No  47 
IAGAflO  li-47  711  Avail  NTIS 

CONTENTS 

1 reliability  and  Survivability  e Keonpan 

(Grumman  Aerospace  Corp  ) 

2 TECHNIQUES  OF  SYSTEM  RELIAB'LITY  ESTIMATION 
INCLUDING  failure  effect  ANALYSIS  IFAiLURE  CONSE 
OUENCEI  W T Sumeflin  (McDonnell  Aircraft  Cn  St  Lours 
Mo)  29  p refr  (See  N7I  38777  23  15) 

3 CORRELATION  BETWEEN  ESTIMATION  TESTS  AND 
SYSTEM  OPERATING  OAiA  M M Tall  (RCA.  Monertown 
NJ  ) 9p  rel»  (See  N71  36778  23  151 

4 EFFECTrVENESS  OF  RELIABILITY  PROGRAM  ELE 
MENTS  W T Sumerlin  (McDonnell  Airciafl.  S(  (jO'jis.  Mol  9 p 
(See  N71  36779  23  l5l 

5 COST  EFFECTIVENESS  OF  BUILT-IN  TEST  PROVISIONS 

M M Tall  IRCA.  Moorestown,  N J ) 6 p reN  (See 

N7  I 36780  23- 15) 

6 HIGH  RELIABILITY  DESIGN  TECHNIQUES  APPLIED  TO 
THE  LUNAP  MODULE  J J Butsolini  (Grumman  Aerospace 
Corp)  34  p refs  (See  N7 1 367SI  23- 1 51 

7 TESTING  THE  RELIABILITY  OF  AVIONIC  EQUIPMENT 
FOR  SPACECRAFT  APPLICATIONS  G Vollhardl  ISeimens  AG) 
10  p ISee  N71  38782  23  15) 

8 METHODS  OF  SPECIFYING  AND  CONTROLLING 
DESIGN  RELIABILITY  J J Bussolini  (Grurr.man  Aerospsce 
Corp)  19  D refs  ISee  N7  1 36763  23  ' 5) 

9 RELATIONSHIPS  BETWEFN  PROGRAM  TEST  AND 

USER  SUPPORT  COSTS  M M Tsil  IRCA.  Mooresiown,  N j) 
9p  tel"  ISee  N71  36784  2j  15) 

9 RELATIONSHIPS  BETWEEN  PROGRAM  TEST  AND 

USER  SUPPORT  COSTS  M M Tall  IRCA.  Moorestown  N J) 
9p  refs  ISee  N71.36785  23  15) 

10  SYSTfM  OPERATIONAL  CONSIDERATIONS  AND 
THEIR  RELATIONSHIP  TO  THE  TEST  PROCESS  W T Sumerhn 
IMcDonneli  Airciift  Si  Luuis  Mo)  8 p refs  (See  N7 1-36798 
23  16l 

11  TECHNIQUES  OF  ANALYZING  ACCELERATION 
P Bienqusrt  (Centre  Nell  d Eiudet  dee  Telecomniunicetron, 
Unnion  Ftencel  8 o ISee  N7I  36787  23  231 


Preceding  page  blank 


12  THE  BENEFITS  OF  A TOTALLY  INTEGRATED 
RELIABILITY  TEST  PROGRAM  J J Bueeolini  (Grummen 
Aerotpaca  Corp  I 21  p refs  (See  N7 1 -36788  23- 1 6) 

’3  OPERATIONAL  CONSIDERATIONS  AND  SYSTEMS 
RELIABILliY"  8 E Biker  (Roysl  Air  Force.  High  Wycombe. 
England)  7p  (See  N71 -36789  23- 1 51 


N71-38777JI  M cOoni^ell  Aircraft  Corp.  $t  Logit.  Mo. 
Ei.ginaanng  Raliabilitv 

TCCHNiQUES  OF  SYSTEM  REUABIUTY  ESTIMATION. 
INCLUDING  FAILURE  EFFECT  ANALYSIS  (FAILURE 
CONSEQUENCE) 

W T Sumarlir^  In  AGARO  Reliability  of  Avionics  Syttemt  Jul 
1971  29  p refs  (See  N71-36776  23-14) 

AveJ  NTIS 

The  reliability  ettirriaiion  cf  an  avior.tc  system,  which 
tnciur*as  grots  estimates,  repid  estimates  and  dotailed  estimates 
it  discussed  Rrohttbility  of  attainment  is  then  studied  by 
selecttve  reliability  sllocation  among  subsystems,  followed  by 
feesibiiitv  estimates  based  on  experience,  complexity,  feilure  rate 
summations  and  or  other  effective  techniques  Constraints 
including  allowable  degradation,  alternative  mode  operation. 
•nvironrr>ent.  operator  effectiveness,  and  excellence  of 
meinianar>ce  will  pe>mii  improved  estimates  Failure  mode  and 
effect  analyses  serves  to  guide  conceptual  design  decisions  so  as 
to  eiimmste  single  point  faiU'ies  ar>d  identify  areas  for  judicious 
application  of  redundancy,  requirerr'ents  for  high  reliability  parts, 
special  environmental  control  and  beneficial  choice  Of  operating 
profile  Author 


N7 1-36778#  Radio  Corp  of  America.  Moorestown.  Nj 
CORRELATION  BETWEEN  ESTIMATION  TESTS  AND 
SYSTEM  OPERATING  DATA 

M M Tall  In  AGARD  Reliability  of  Avionics  Syaiems  jui 
197)  9p  refa  ISee  N71-36776  23-14) 

Avail  NTiS 

The  re)aiionships  between  estimation  tests  end  operational 
reliabiftiy  are  studied  by  regrasaion  analysis  The  analysis 
includes  equipment  complexity  and  avarage  mission  length 
Eleven  equipment  pieces  were  tested  and  results  show  that  m 
several  cases  the  reliability  surpassed  goals  established  for  the 
tests  Results  also  indicate  the  tests  may  be  used  to  refine  ihe 
designs  and  remove  defects  introduced  by  parts,  materials,  and 
manufacture  Only  evionic  systems  are  used  for  the  tests 

e H W 


N71-36779f  McOonneM  Aircraft  Corp.  $t  Louis.  Mo 
Engineering  Reliability 

EFFECTIVENESS  OF  RELIABILITY  PROGRAM  LLEMENTS 

vV  T Sumerlin  In  AGARO  Rotiabilitv  of  Avionics  Systems  Jui 
1971  9 p (See  N7 1-367  76  23  14) 

Avail  NTIS 

An  opinion  is  given  of  the  probable  relative  importance  of 
refiebfily  program  eleme.-its  including  reliability  requirement 
evaluation  end  allocation  proof  of  attammani.  parts  control, 
design  surveillance,  failure  analysis  and  design  correction,  and 
rahability  progress  measurement  Autho. 


N7l-36780f  Radio  Corp  of  America.  Moorestown,  NJ 
COST  EFFECTIVENESS  OF  BUILT  IN  TEST  PROVISIONS 

M M Tell  fn  AGARO  Reliability  of  Avionics  Systems  Jul 
1971  6p  reft  (L»ee  N71-36776  23  14) 

Avail  NTIS 

The  faasibility  of  utmg  built  m test  provisions  (BIT)  aa  a 
means  ot  improving  operational  eHectivene.*s  of  anurefi  tk 
discussed  The  primary  purpose  of  BIT  it  to  indicate  (o  the  user 
if  the  prune  equipmeni  operating  sansfoctonly  It  provides 
information  upon  which  a decisicri  to  abort  modify  or  continue 
a miss. on  may  (>e  based  Bit  may  also  applied  to  passive 
devices  In  highly  complex  equipment  BIT  may  indicate  degrade 
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of  porltons  of  the  equipment  8S  well  et  cetpelrophic 
feilure.  end  mdicete  the  uee  of  eny  eltemeie  mode  of  operetions 
The  coet  effectiveneu  of  BIT  it  elto  ditcutted  E H W. 


uted  at  an  index  of  reliability  to  describe  me  operational 
requirementt  and  to  relate  theta  requirements  to  tests  and 
verification  obtervationt  The  limitations  and  constraints  of  MTBF 
are  alto  ditcutted  E H W 


N71  367811  G i*ummen  Aerospace  Corp . Bethpage.  N Y 

Eng<r>#ering  Operations  and  Administration 

HIGH  reliability  DESIGN  TECHNIQUES  APPLIED  TO 
THE  LUNAR  MODULE 

J J Botaoimi  in  AGARO  Reliability  of  Avionics  Systems  Jul. 
1971  34  p raft  (Sea  N71-36776  23-M) 

Avail  NTIS 

A description  It  given  of  the  tigniricart  desicn  techniques 
applied  to  the  lunar  module  to  attain  system  reliability  The  use 
of  system  work  arounds,  functional  redundancy,  hi-rel  parts 
screening,  successive  stage  building  block  testing,  vehicle 
lestinQ.  overstress  tatting,  failure  mode  and  effect  analysis  and 
many  other  techniques  ere  described,  illustrating  their  relative 
importance  toward  the  success  of  the  progrem  Author 


N71-36782S  Siemens-Ochuckedwerike  A G.  Munich  (West 
Germeny) 

TESTING  the  reliability  OF  AVIONIC  EQUIPMENT 
FOR  SPACECRAFT  APPLICATIONS 

Guenter  Vollherdt  In  AQARO  Reliebility  o.  Avionics  Systems 
Jul  1971  10  p (See  N71-36776  23-14) 

Aveil  NTlS 

To  ascess  the  stress  limits  and  failure  modes  of  spacecraft 
equipment,  models  were  constructed  ervd  tested  urtder  venous 
stresses  and  environmentei  conditions  The  tests  show  feilure  to 
be  caused  by  errors  mechanical  or  electrical  design  end  drift 
of  elecir^el  arid  meci.enicel  parts  Circuit  analyses  as  well  as 
mechamcsl  and  ctm.at.c  tests  were  conJuctod  E H W 


N71 -367831  Grumman  Aerospace  Corp  Boti.pa^e.  N Y 

Engineering  Operations  and  Administration 

METHODS  OF  CPECIFYINO  AND  CONTROLLING  DESIGN 

RELIABIUTY 

J J Bussolini  In  AGARO  Reliability  of  Avionics  Systems  Jul 
1971  19  p refs  (See  N7 1-36776  23-14) 

Avail  NTIS 

Some  examples  of  techniques  used  to  accomplish  early 
determination  of  system  and  equipment  reliability  r«quireminis 
the  me'hods  use  to  specify  these  requirements  and  the 
contrectuel  techniques  used  to  test  and  demonstrate  comptieoce 
to  specification  requirements  are  examined  Incentive  -peneUv 
contracting  for  reliability  is  discussed  including  recornmcndetions 
for  relating  these  incentives  end  oenalt:es  to  conventional  end 
modifier)  demonstration  test  techniques  Author 


N71‘367$4|  Radio  Corp  of  America.  Mooreslown.  NJ 
RELATIONSHIPS  BETWEEN  PflOOf  AM  TEST  AND  USER 
SUPPORT  COSTS 

M M Tall  In  AGARO  Reiisbilih,  of  Avionics  Systems  Jul 
1971  9p  refs  (See  N71-36776  23-14) 

Avail  NTIS 

The  Significant  factors  that  should  be  included  m • cost 
ownership  enslya.i  of  svionic  equipments  are  discussed  The 
value  of  reliability  improvement  efforts  including  AGREE  type 
test  programs,  are  essested  Author 


N71-367S6IK  McOoone"  Aircraft  Corp  St  Lo-ns.  Mo 
Engineering  Hehebility 

SYSTEM  OPERATIONAL  CONSIDERATIONS  AND  THEIR 
RELATIONSHIP  TO  THE  TEST  PROCESS 

W T Sumeriin  In  AGAPD  Reliability  ot  Avionics  Systems  jui 
197!  8p  refs  (See  N71-36776  23-141 
Avail  NTIS 

Indicetors.  for  railing  no  leliability  of  a system  hc'dwere 
unit  through  burn  m ttstl  leilurf  enilysit  end  corrective  dtfign 
chen-»#».  ere  discussed  Mean  time  between  failure  (MTBF)  is 


N71  3S7B6*/K  Centre  National  d Etudes  des  Telecommunica- 
tions. Lennion  (France) 

TECHNIQUES  OF  ANALYZING  ACCELERATION  [LA 
TECHNIQUE  DES  ESSAIS  mCCELER::S] 

P Blanquart  In  AQARO  Reliability  of  Avionics  Systems  Jul 
1971  lEp  In  FRENCH  (See  N71-36776  23-14) 

Avail  NTIS 

The  reliability  of  electronic  components  after  acceleration 
tests  IS  discussed  The  effects  of  vibration,  humidity,  and 
temperature  on  degradation  are  considered  Mathematical 
models  and  regression  analysis  are  also  discussed  E H W 

N71-3B787a  Grumman  Aerospace  Corp  Bethpage.  NY 
Engineering  Operations  and  Administration 
THE  BENEFITS  OF  A TOTALLY  INTEGRATED  RELIABIL 
ITY  TEST  PROGRAM 

J J Bussoimi  In  AGARO  Reliahiliiy  of  Avionics  Systems  Jul 
1971  21  p refs  rSee  N71  36776  23  14) 

Avsil  NTIS 

The  benefits  derived  from  e totally  integrated  test  program 
in  terms  of  cost,  schedule,  end  resultant  system  reliability  ere 
discussed  Author 


N71 -367881  Royal  Air  Force  High  Wycombe  (England)  Strike 
Command 

OPERATIONAL  CONSIDERATIONS  AND  SYSTEMS 
RE  LIABILITY 

B E Baker  In  AGARD  Reliability  of  Avionics  Systems  Jul 
1971  7 p (See  N71  36776  23-14) 

Avail  NTtS 

The  problem  of  oeciUmg  what  reliability  to  specify  and  how 
to  ensure  that  this  reliability  is  achieved  is  discussed  An 
example  is  given  of  trade  offs  between  reliability  end 
mainte<nebi!ity  anri  p^rfoimance  parameters  The  need  for  a 
formal  reliability  program  is  stressed  and  parts  of  this  are 
discussed  m detail  The  value  of  rehebility  testing  at  the  end  of 
development  is  illustrated  by  a coated  example  Author 

N71  36789*  Sandia  Labs.  Albuquerque.  N Mex 
HIGH  INTENSITY  DIRECT  READING  HEAT  FLUX  GAUGE 
H C Hardee  and  A B Donaldson  Apr  »971  9 p refs 

Sponsored  by  AEC 

DR-710194)  Avail  NTIS 

A bign  intensity  direct  reading  heat  fiux  gauge  >s  riescnbed 
The  device  can  be  used  under  a wide  variety  of  field  test 
condM-ons  The  gauge  is  a quasi-sieatJy  state  type  end  offers 
advunta^ies  over  both  the  stoady-stet©  and  the  transient  types 
Because  .he  signal  output  is  directly  proponion#!  to  the  incident 
heat  flu*  .tete  reduction  errors  ere  minimued  The  device  has 
the  cepeb'lit>  of  a secondary,  transient  type  measurement  which 
provides  a chtck  on  the  primary  measurement  A lab  tost  was 
conducted  m winch  the  measuremonis  obtained  from  the  direct 
reading  gauge  we'e  compared  with  measurements  obtained  from 
a rahbraied  steady  state  gauge  Author  (NSA) 


N72  19483*  Advisor/  Group  for  Aerospace  Researct'  and 
Uevelopmeni  Pans  (Franc*?! 

avionics  in  spacecraft 

Ph  Haril  and  John  £ Iwu  n.  etJs  Sep  13  ? 1 349  p fcfs 

PfC>c  of  the  220  Tech  Symp  of  the  Avionics  Panel  of  AGARD 
Rome  3 1 May  4 J-jn  ’ 9 ? 1 

(AGAHU  CP  8 / / I ) Avail  Nll.i  ML  >t  UU  M r iU  ao 

The  proceedings  of  a confe  ente  on  avionics  for  spacecraft 
are  prvsented  Sutrier.ts  discus  .ed  ore  i ’■ » mi-.-oeieciromc 
erjuipment  l2)  serrvconcJuclor  devicv'S  (Jl  attitude  control  syslerns 
'4)  remote  sensors  lE>*  data  pror.©.  jUig  ©'luiproent  (6?  satellite 
(.onunurncaliciris  and  (7)  design  of  .elbrnotry  arid  iplec ornmand 
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links  for  mterplanatary  space  probes  A loial  ol  31  papers  was 
presented  For  individual  btles.  see  N72-19484  through 
N72  19514 

N72  194S4#  Air  Force  Systems  Commano.  Wright  Patterson 
AFB  Ohio  Air  Force  Avionics  Lab 
MICROELCCTRONICS  FOR  AEROSPACE  SYSTEMS 
H V Noble  In  AGARO  Avionics  in  Spacecraft  Sep  1971 
Up  reh,  (See  N72  19483  10  14) 

Avail  NTIS  HCS6  00/MF  $0  95 

The  reasons  lor  the  entry  of  the  USAF  into  microelectronics, 
some  significant  recent  achievements,  and  pred.ctions  of 
microeiectronic  davices  that  will  be  available  for  aerosp.  ce 
systams  for  tha  1975  1980  time  period  ar«  presented  These 
prec'ictiona  ere  based  on  the  entension  ol  advarKes  rnade  during 
the  past  law  years  plus  estimates  of  results  of  current  and  future 
USAF  programs  The  following  types  of  devices  are  coverad  (1) 
digital  and  artalog  circuit  devices  for  computer  and  data 
processing  12)  integrated  microwave  devices  for  both  receivers 
aryj  transmihers.  (3)  integrated  circuit  devices  for  high  data  rate 
transmission.  14)  integrated  circuit  • antenna  arrays,  and  (5)  size 
reduction  possibilities  for  computers  based  on  use  ol  advanced 
microcircuits  Author 

N72-1948SI  Royal  Aircraft  Establishment.  Carnborough 
(England)  ^5ce  Dept 

HYBRID  MfCROC;RCUlT  TECHNOLOGY  IN  THE  BRITISH 
NATIONAL  SPACE  PROGRAM 

H 0 Fisher  In  AGARO  Avionics  m Spacecraft  Sep  1971 
15  p refs  (See  N72-19483  10  14) 

Avail  NTIS  HC  S6  OO'MF  $095 

Experimental  equioment  to  be  flown  on  the  X3  satellite  m 
the  British  national  space  program  is  discussed  Arguments  are 
presented  m support  of  the  use  o(  hyond  imuiucuuvii* 
high  Quality,  low  volume  production  of  electronic  circuits  The 
cu'font  techniques  are  described  s.id  easons  for  the  choice  of 
technologies  are  given  Process  and  component  yields  are 
examined  Author 


I N72-19436#  Deutsche  Forschungs  und  Ver^uchsanslalt  fuer 

j Luft  und  flaum<3hfi  Oberpfalfenhofen  tWest  Germany) 

I CIRCUIT  DESIGN  FOR  SPACECRAFTS  WITH  COMPCE 

j MENTARY  MOS  INTEGRATED  CIRCUITS 

W Schambeck  In  AGARO  Avionics  m Spacecraft  Sep  1971 
lOp  refs  (See  N72  19483  10  14) 

Aval'  NTIS  HC$6  00  MFi0  95 

The  application  of  complementary  metal  oxide  semiconduc 
! inff  IC-MOSI  to  spRrwrrah  Rod  commercial  eauipmerit  is 

discussed  Tfie  use  of  C MOS  'or  eleciromc  clocks  and  portable 
instrumentation  is  desciibed  The  advantages  resulting  fio  n low 
power  dissipation  high  circuit  flexibility  of  C MOS  circuits 

are  examined  Some  cl  the  specie'  considerations  required  m the 
detign  and  operation  of  C MOS  circuits  are  explained  Author 


N72  1$4B7a  Communications  Research  Centre  Oitaw« 

I (Ontario) 

AN  IMPROVED  APPROACH  TO  SELECTION  OF  HIGH 
i riELIABlLlTY  SEMICONDUCTOR  COMPONENTS  FOR 

I SATE  LOVE  kpogh  ams 

A R Molo/Zi  i»nO  R F Haylhomthwaiie  In  AGARO  Avionics  m 
Spacecraft  Sep  1971  7 p (Sea  N72  1 9463  1 0 1 4) 

Avail  NTIS  HC$6  00  MF$0  95 

! Selecfon  procedures  to  improve  the  quality  o*  sen"  conductor 

j devices  used  on  the  Aiouette  ISIS  satellite  program  are  discussed 

{ Ihe  lack  of  reliability  irmerent  m mass  proriuci'un  uf 

semiconductors  and  the  impact  on  the  design  of  saielhtes  with 
' five  to  ten  year  Me  span  is  described  The  method  for  choosmg 

' semicondurtor  devices  m order  to  obiam  maximum  component 

reliability  IS  presenied  The  mie. reiai'on  of  circuii  desigri  and 
j component  selection  is  examined  Author 

i 

I 

I 


N72-19468/ir  Deutsche  Forschungs  und  Versuchsanstalt  fuer 
Luft  und  Raumfehrt.  Obnrpfaffenhofen  (West  Germany)  Inst 
fuer  Satellit^nelekironik 

SOME  NOVEL  METHODS  IN  FAILURE  ANALYSIS 
E Ress  and  G Ress  In  AGARO  Avionics  m Spacecraft  Sep 
1971  12  p refs  (See  N72  19463  10-14) 

Avail  NTIS  HC56  00  MFS0  95 

Methods  of  conducting  failure  analysis  ol  integrated  circuits 
are  discussed  The  application  of  scanning  electron  microscopy 
for  nondestructive  tests  m failure  analysis  is  described  The 
modes  m which  the  scanning  electron  microscope  ts  used  are 
presented  The  types  of  failures  which  the  scanning  electron 
microscope  is  capable  of  detecting  are  oesenbed  Author 


N72  19489iir  Moniecalmi  Edison  L X.  Milan  (Italy) 
INTEGRATED  CHECK  OUT  SYSTEM  FOR  SPACE 
LAUNCHERS  AND  AIRCRAFT  SYSTEMS 
Mauro  Falleni  m AGARO  Avionics  in  Spacecraft  Sep  1971 
16  p refs  (See  N72  19483  10  14) 

Avail  NTlS  HC$6  00  MF$G95 

A completely  integrated  system  capable  of  performing  all 
the  necessary  operations  lor  the  check  out  of  space  launchert  of 
the  l970s  generation  and  for  aircraft  systems  is  described  It  is 
to  be  considered  as  a general  purpose  system  Any  kind  of 
real-time  operation  necessary  for  check  out  operations  and  all 
the  post-flight  computation  can  be  carried  on  without  external 
aids  The  general  philosophy  ol  its  conception  is  such  that 
ceria-.n  attributes  such  as  simp'icity.  modularity,  minimum 
specialization  allow  for  the  widest  possibility  of  efficiency  ar>d 
expansion  possibly  required  for  future  more  elaborated  check  out 
procedures  A number  of  degraded  levels  ol  opcraiion  is  allowed, 
the  lowest  of  them  bemg  the  manual  operation  level,  m order  to 
face  diHereni  emergency  situations  Special  consideration  has 
been  given  ic  the  man  machine  relationships  and  to  the 
eHic*ency  of  maintenance  and  repair  operations  Author 


N72-19490a  Montecatim  Edison  $ p A Milan  (Italy) 
CONSIDERATIONS  ON  A SU3SVSTCM  FOR  HANDLING 
COMMANDS  AND  STIMULI  FOR  AN  INTEGRATED  AND 
AUTOMATIC  CHECK  OUT  OF  SPACE  LAUNCHERS 
Mauro  falleni  In  AGARO  Avionics  m Spacecraft  Sep  1971 
19  p refs  iSee  N72  19483  10  14) 

Avail  NTIS  HCS6  00  MF$0  9B 

A description  uf  the  stimuli  and  commands  subsystem  for 
the  EUROPA  3 launch  vehicle  is  presented  A description  of  the 
organization  and  functions  ol  the  system  is  given  Data 
trerysmission  format  and  message  structure  are  examined  The 
required  Circuits  tor  handling  ih»*  data  flow  are  presented 
Problems  concerning  the  reliability  of  transmitting  and  executing 
■*  O'**-*  cr  w 2'S  2*^2'yz**d  p3(i*8'iy  solved 

(hher  aspects  of  the  interfaces  between  this  subsystem  and  the 
other  pan  of  either  »ho  checkout  system  or  the  vehicle  have 
oeen  corisidered  and  solved  m reasonable  detail  Author 

N72-19491«  Phii:ps  GloeitampenfaUneken  N V Geldrop 
(Nethe'iandsi 

ANS  ATTITUDE  CONTROL  SUB  SYSTEMS 
P VanOtlerloo  in  AGARD  Avionics  m Spacecraft  Sep  1971 
*0  p (See  N72  19483  10  14, 

Avai:  NTIS  HCS6  00  MF$0  95 

The  attitude  comroi  subsysicm  and  onboard  co-mpuic'  lor 
the  ANS  satellite  are  d:scussc.‘  The  ANS  is  an  astronomical 
seteliiie  for  ultraviolet  a>-d  X ray  measurements  in  space  A 
description  o*  the  s^te’i'Ce  ;s  present^rd  The  requirements  cf  the 
ettiiude  confcl  suL»svste"n  and  the  onboard  compuior  are 
analyzed  The  subsystems  aro  described  end  iheu  various  modes 
of  operation  are  i-*firiinert  Auiiior 


N72-19492*  Selen>aSpA  Rome  tltaiyi 

THREE  AXIS  RF  ATTITUDE  SENSOR  OF  A GtOSTATION 
ARY  SATELLITE 

Beni|r>  Palurnt, rj  in  AGARO  Avonics  m Spacocrad  Sefi  197  1 
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17  p ($««  N72  19483  10  141 
AvaiI  NTIS  HC  S6  00.  MF  S0  95 

A three  4x15  ftdio  ssnso'  lor  satellite  appltcaiior^  is 
described  The  system  measures  the  attitude  error  of  a three-axis 
stabilited  geostaiior^arv  satellite  with  respect  to  an  earth  station 
that  transmits  a RF  beacon  signal  A phase  comparison 
two-dimensiooal  system  on-board  the  satellite  i$  used  for 
measunr>g  the  pitch  rind  roll  errors  The  error  around  the  yaw 
axis  IS  obtained  by  comparing  the  orientation  of  the  linear 
polarisation  of  the  on  board  antennas  with  the  polarization  plane 
of  the  ground  transmitted  signal  The  system  and  the  design 
criteria  of  the  components  are  rresented  The  pointing  error 
sources  are  analysed  and  the  accuracy  of  the  system  is 
evaiueted  The  required  characteristics  of  the  ground  citation  are 
indicated  with  reference  to  the  system  operation  Author 


N72-19493#  Teldix  Luftfahn  Ausruestungs  GmbH.  Heidelberg 
tWest  Germany) 

THE  ORALLRAO:  A FLYWHEEL  FOR  THE  STABILIZATION 
OF  SYNCHRONOUS  SATELLITES 

Heinz  Wehde  In  AGARO  Avionics  m Spacocrah  Sep  1971 
7 p (See  N72  19483  10  14) 

Avail  NTIS  HCS600  MFS095 

. The  application  and  operation  of  llywheeis  for  stabilization 

of  synchronous  satellites  is  discussed  Optimal  relations  between 
: angular  momentum,  size,  and  weight  are  calculated  Rules  or 

1^^  the  use  of  ball  beanngs  are  established  The  characteristics  of  a 

f]  brushless,  dc  motor  wth  optica!  commutation  and  permanent 

h magnet  excitation  are  described  The  electrical  and  mechanical 

|j  results  obtained  from  various  configurations  are  summarized 

Autnor 


1 NT2-19434;f  Mosscrschmm  9oc!kcw  Qlchm  GmbH. 

I (West  Germany) 

! ELECTRONICS  OF  A MASS  SPECTROMETER 

i V Gerber  M AGARO  Av.onics  in  Spacecra*t  Sep  1971  7 p 

(See  N72-19483  10  14) 

Avail  NTIS  HCSeOO'MF  $0  96 

A quadrupolo  rnass  spectrometer  consisting  of  an  ion 
source,  mass  analyzer,  multiplier,  and  asjocated  electronics  »s 
described  The  mass  spocirometer  will  measurt  the  absolute 
abundai.ces  of  neutral  atmospheric  constituents  ard  the  re'ative 
composition  of  ambiertt  ions  The  various  atmospheric  pur^rnetriri, 
which  can  be  determined  by  combined  d ita  f'om  the  mass 
spectrometer,  impedance  probe,  retarding  putennal  and  nyut'al 
atmospheric  temperature  expenmanis  are  discussed  Author 


N72-19496.a  Marconi  Space  and  Defence  Systems  Ltd. 
Fnmlev  (England) 

METHODS  OF  IDENTIFICATION  OF  THE  EARTHS 
HORIZON  AND  EXAMPLES  OF  APPLICATION  TO 
ATTITUDE  DETERMINATION  OF  SPACECRAFT 

G G Fuller  and  M L Reynolds  m AGARO  Avionics  in 
Spacecrah  Sep  1971  9p  /.^fs  (See  N72  ■ 19403  10  14) 

Avail  NTIS  HC  $6  00/ MF  $0  95 

The  altitude  determination  of  earth  orbiting  satellites  by 
sensing  earth  radiation  i$  discussed  Various  classes  of  missions 
and  their  relation  to  the  different  classes  of  earth  sensors  are 
exarriined  The  earths  radiant  field  for  visible  and  middle  mfared 
wavelengths  is  described  Examples  o*  several  missions  are 
presented  and  the  sensors  designed  to  fulfill  the  requuements  of 
each  mission  ^re  analyzed  Author 


N72  19496.*  Off'cme  Galileo  S p A Florence  lliaiyi 

SENSORS  OF  THE  EARTH  INFRARED  HORIZON  AND 
SOLAR  SENSORS  FOR  SATELLITE  ATTITUDE  DETERMIN 
AflON 

R Baldassini  Fontana  In  AGARD  Avionics  in  Spacecrah  Sep 
1971  10  p lefs  (See  N72  19483  10  )4) 

Avail  NTIS  HC  60  00.  Mf  $0  9S 

An  anai/sis  'i  ^. resented  of  a sensor  systerr.  to  t>e  placed  on 
board  of  a yeostaiionary  spinning  satellite  for  the  purpose  of 


II 


determining  the  satellite  attitude  during  the  transfer  and  final 
orbit  The  system  connsis  cf  sensors  of  earth  infrared  horizon 
and  Sun  sensors  The  magnitudes  to  be  observed  and  the  type  of 
information  to  be  obtained  in  connection  with  the  operational 
rond>*ions.  are  analyzed  In  addition,  the  results  of  the 
computations  deveiopeo  to  optimize  the  parameters  of  the 
sensors  end  to  ustablish  the  system  accuracy,  are  described 

Author 


N72-19497*  Officme  Galileo  SpA.  Florence  (Italy) 

SCANNING  RADIOMETERS  FOR  METEOROLOGICAL 
SATELLITE 

V Riizo  In  AGARD  Avionics  m Spacecraft  Sep  1971  11  p 

refs  (See  N72  19483  10  14) 

Avail  NTIS  HC  S6  00/MF  $0  95 

The  characteristics  of  imaging  radiometers  for  oiechamcal 
scanning  from  a satellite  platform  m the  infrared  and  visible 
spectra  ere  discussed  A survey  of  the  experimental  objectives 
ar>d  their  lonuence  on  the  choice  of  spectral  band  to  be  used  is 
presented  The  trade  of!  between  quality  of  picture  and  physical 
properties  of  Ihe  radiometer  are  examined  A typical  instrument 
•s  shown  m order  to  describe  the  nature  of  its  operation  Author 


N72-19498*  Mess^rschmitl-Boelkow  Blohm  GmbH.  Munich 
(West  Germany) 

SATELLITE  TELEVISION  SYSTEM 

O Hofmann  in  AGARD  Ai^iomcs  in  Spacecraft  Sep  1971 
lip  refs  (See  N72  19483  10  14) 

Avail  NTIS  HC  $6(X),  MF  $0  95 

The  operating  principles  of  a satellite  television  recording 
system  with  no  moving  mechanical  pans  are  presented  The 
television  recording  ■$  performed  by  continuous  line  scanning 
with  coristantly  open  aperture  The  scanning  line  is  divided  by 
severs)  mirror  strips  and  led  to  vidicons  By  miedion  of  prisms 
the  line  sections  can  be  dispersed  spectrally  The  essential 
characteristics  of  the  system  witii  emphasis  on  stereoscopic 
rs  ordmg  are  described  Author 


N72-19499*  Roya'  Aircraft  Establishment,  famborough 
(Englsnd) 

AN  cXPCRIMENTAL  CANOPUS  STAR  SENSOR 
P HasLefl  m AGARO  Avionics  m spacecraft  Sep  1971 
13  p .eS  N72-19483  10  14) 

AvaO  NTI$  HC$0X'MF$0  95 

The  Canopuc  star  sensor  or^d  Ms  application  to  the  stabilization 
cf  the  X4  technology  satellite  are  discussed  The  modes  of 
operation  performed  by  the  spacecraft  to  check  the  parameters 
of  the  sensor  are  explained  Subsidiary  experiments  which  rna/ 
Ko  c-jnducted  by  t^e  se^^spr  dunng  the  rni^sinn  jrp  exammerl 

Autho> 


N72  19600*  Lincoln  Lao  Nias.  Inst  of  Tech.  Lexingiort 
THE  USE  OF  VISIBLE  LIGHT  SENSORS  IN  SPINNING 
SATELLITE  CONTROL  SYSTEMS 

F Williams  Salles.  Jr  in  AGARO  Avionics  m Spacecraft  Sep 
1971  8p  refs  (See  N72  19483  10  14) 

Avail  NTIS  HC$eX  MF$0  95 

The  application  of  visible  light  sensors  m spinning  s.Meilile 
control  systems  launched  duni.y  the  Lmcoin  Expenmer^lal  Satellite 
tLES*  piogiar»i  is  discussed  Earth  location  .niormation  use  m 
either  an  intermittent  or  continuous  sensing  operation  is  described 
If  IS  concluded  that  an  accuia^y  of  one  tenth  ol  a degree  should 
be  realizable  m cucular  synchronous  near  equatorial  r^rbMs 

Author 


N72  lOSOli  Ccut'^chc  fc-rcchur^gc  und  Vcrsuchsancta't  fucr 
Luft  und  Raumfahri  Obeipfafferihpfen  (Wesi  Germany) 

THE  APPLICATION  OF  COMPLEMENTARY  MOS  CIRCUITS 
IN  PCM  SYSTEMS  AS  A QUALIFICATION  TEST 
Manfred  Mozer  In  AGARO  Avionics  m Spacecrah  Sop  19/1 
6 p refs  ;See  N/2  19483  10  14i 
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Av«>l  NTIS  HC  S6  00/MF  SO  95 

; Two  electronical  devices,  which  are  implemented  with 

complementary  MOS-circuits  are  described  One  of  these  systems 
was  pan  of  an  ESRO-payload.  by  the  aid  of  which  photographic 
drvj  photometric  measurements  in  the  soft  X-ray  reQion  had  been 
earned  out  during  e sounding  rocket  flight  The  aim  of  the 
experiment  was  an  investigation  of  the  sun  corona  The  electronical 
subsystem  of  the  experiment  had  bean  developed  for  the 
^ measurement  of  the  intensity  of  five  emission-lines  and  for  the 

‘ convers  on  of  these  results  mto  a PCM  signal  The  second  device 

L IS  a Quartt-clock  with  a PCM-outpul.  which  is  installed  m a 

^ recording  current  meter  fur  an  application  m ocaanography  It  is 

specified  for  a very  low  power  consumpt«or>  ar>d  has  to 

demonstrate  the  long  life  qualities  of  complementary  MOS-circuits 
for  the  undersea  current  meter  is  expected  to  have  a lifetime  of 
one  year  Due  to  this  long  time  and  due  to  the  necessity  of  low 
power  consumption,  the  seaprobe  is  an  iJesI  platform  for  ^ 
, qualification  test  of  components,  which  are  provided  for  ar^ 

^ application  in  spacecrafts  Though  both  devices  have  been 

y developed  as  functional  support  for  other  experimenters,  they  are 

r technological  experiments  of  our  institute  and  part  of  our 

activities.  VO  test  and  to  introduce  new  components  Author 


^ N72'19502/il  Royal  Aircraft  Establishment.  Farnborough 

I (England)  Space  Dept 

! DATA  STORAGE  FOR  SMAU  SCIENTIFIC  SPACECRAFT 

I A C Christmas  and  A H Spooner  In  AGARO  Avionics  in 

Spacecraft  Sep  1971  5 p (See  N72  19483  10  14) 

Avail  NTIS  HCS6  00/MF  $0  95 

The  reasons  for  on  board  data  storage  are  considered 
^ together  with  the  type  of  storage  necessary  This  covers 

spacecraft  status  continuously  changing  experiments  survey  or 
totalising  experimenis  and  the  organiiation  of  data  into  a form 
1 which  IS  suitable  for  storage  These  considerations  together  with 

[ telemetry  and  ground  receiver  requirements  effectivefy  specify 

I the  performance  of  a data  storage  system  Practical  examples 

’ are  given  showing  how  the  requirements  have  been  met  The 

development,  testing  and  orbital  performance  of  an  endless  loop 
tape  recorder,  including  the  mechanical  techniques  used  to  meet 
the  reiiabiliry.  powei  and  flutter  lequirements  are  described 
Future  needs  are  considered  and  compared  with  possible 
developments  tc  give  a forecast  of  the  type  of  data  storage 
which  will  be  employed  in  later  spacecraft  Author 


I N72-19603#  Royal  Aircraft  Establishment.  Farnborough 

\ (England) 

t A MODULAR  SPACECRAFT  PCM  DATA  CONDITIONING 

t SVSTEM 

^ L Smith  and  K McDonald  (Marconi  Space  and  Defense 

[ Systems.  Ltd  I In  AGARD  Avionics  in  Spacecraft  Sep  1971 

\ 17p  rofs  (See  N72-19483  10  14) 

I Avail  NTIS  HC  S6  00/MF  $0  95 

I The  PCM  system  developed  for  encodm.j  and  formatting 

. data  on  board  spacecraft  is  described  A set  of  standard  modules 

[ ‘ ha>  been  designed  which  can  be  arranged  m various  ways  to 

meet  the  many  demands  presented  by  the  program  Within  each 
module  components  are  welded  either  to  a mckei  wire  or  a 
nickle-mviat  interconnecl'or)  matrix  and  then  encapsulated  to 
\ form  slim  cards  These  are  assembled  and  wire-wrapped  to  a 

back  panel  to  produce  functional  units  such  as  an  encoder  or 

I*  decoder  Integrated  circuits  purefidsed  to  m house  specificatio.ns 

which  call  for  100%  inspection  a'  ,>il  stages  of  nianufacture  and 
lest,  have  been  used  wherever  possible  The  system  accepts  data 
ir  3 forms  (1)  digital  m parai'ei  or  (2i  serial  form  ar>d  (3) 
an»ir>oii«  in  th*  rang*  pi.j«  of  " ir^j.  5 vc.'ti  The  analogue  data 
IS  converted  into  6 bit  words  prior  to  msertton  into  the  mam 
data  stream  The  maximum  .ate  is  8.000  sampies  sec  which 
corresponds  to  a tit  rate  of  64  XH;  Syilam  feasibility  was 
demonstralecJ  using  a prototype  model  and  this  has  baan 
developed  and  engineered  into  fully  operational  X3  system 

Author 


N72  19S04I  Standard  Eiectrik  Lorana  A G . Stuttgart  (Wast 
Germany) 

PROGRAMMABLE  PCM  TELEMETRY  ENCODER  FOR 
SPACE  APPLICATIONS 

O Pabst  In  AGARO  Avionics  in  Spacecraft  Sep  1971  4 p 

(See  N72  19433  10  14) 

Avail  NTIS  HC  SeOO.'MF  S0  95 

The  function  of  the  programmabla  PCM  -Encoder  in  controlling 
tiye  deta  handling  necessary  for  transmission  •$  discussed  The 
programmability  has  many  advantages,  since  the  specifications 
char^ga  from  mission  to  nnission  Thera  are  pra-wired  and 
programmable  functions  Tne  gerteration  of  the  control  data  will 
be  achieved  by  a device  within  the  encoder,  very  similar  to  a 
small  computer  The  program  loading  technique  <s  compatible 
With  nearly  all  command  systems  The  weig'  t of  an  encoder  is 
within  the  range  of  1 to  3 kg  the  power  consumption  varies 
from  1 to  4 watts  depending  on  the  titrate  Author 


N72-19606I  Marconi  Space  and  Defence  Systems  Ltd. 
Portsmouth  (England) 

USE  OF  COMPUTERS  FOR  REAL  TIME  SATELLITE 
CHECKOUT 

M A Skinner  In  AGARO  Avionics  m Spacecraft  Sep  1971 
5 p (See  N72-19483  10-14) 

Avail  NTIS  HC  $6  (30/MF  $0  95 

The  application  of  computers  for  automatic  testing  and  data 
processing  during  the  checkout  of  satellites  is  discussed  The 
rationale  (or  selecting  a digital  computer  for  data  processing  and 
automatic  control  is  explained  The  requirement  for  the  checkout 
to  encompass  all  performance  pararneteu'  and  the  amount  of 
time  required  form  the  basis  for  computer  use  The  skills 
required  to  produce  and  use  a computer  controlled  checkout 
system  are  examined  Author 


N72-19606i*  IBM  Italia.  Rome 

AN  APPROACH  TO  NATURAL  LANGUAGE  FOR 
COMMAND  AND  CONTROL  SYSTEMS 
A Lanzara  In  AGARD  Aviomcs  m Spacecraft  Sep  1971  • 9 p 1 

refs  (See  N72  19483  10  14)  1 

Avail  NTIS  HC$6  00  MFS0  95 

The  development  of  a user  oriented  language  for  eHecdve  l 

man  machine  communication  is  discussed  The  feasibility  of  such  ; 

a language  for  command  and  control  purposes  is  examined 
Different  language  models  are  analyzed  and  the  basis  for  ! 

selection  is  explained  The  influence  of  batch  processing  and  ! 

on-line  processing  on  the  selection  of  the  appropriate  language  is  ■ ; 

described  Author 


N72-19507a  Lincoln  Lab  Mass  Inti  of  Tech.  Lexington 
A VARIABLE  COVERAGE  SATELLITE  ANTENNA  SYSTEM 

A R Oion  end  L J Ricerdi  In  AGARO  Avionics  in  Spacecraft 
Sep  1971  13  p refs  (See  N72  19483  10-14) 

Avail  NTIS  HC$6(X)  MF$0  95 

A m*ilii  beam  antenna  system  and  combiner  switch  capable 
of  producing  a variable  coverage  radiation  patlarn  are  described 
The  antenna  consists  of  a waveguide  lens  illuminated  by  e 
l9-eiemer)i  feedhom  array  The  combiner  switch  consists  of  e 
corporate  arrangement  of  variable  power  dividers,  the  latter  is 
rnede  up  of  two  phase  shifters  and  two  conventional  hybrid 
power  dividers  An  eanh  coverage  radiation  pattern  with  lest 
than  2 d6  ripple  and  an  antenna  gain  of  20  dB  >s  obtained  by 
equally  excitmg  all  ueams  of  the  muHi  beam  antenna 
Simultaneously  Excitation  of  a amqle  feedhom  results  >n  a 
narrow  beam  with  an  anten  gdni  uf  30  06  and  a near-m 
Side  lobe  level  less  than  minus  20  dfi  The  side  lobe  level  can  be 
reduced  appreciably  by  appropriately  exciting  the  adjacent 
feedhorns  Tfie  frequericy  bandwidth  corresponding  to  0 5 d6 
decrease  <n  amenna  gem  is  10  percent  A technique  for 
computing  the  radiation  properties  of  the  a.'ilenna  is  described 

Author 
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N72-19&08/V  Oeuisc^e  For^huogs  und  V«riui:h<,.mst«lt  luor 
LuN  uM  R#umtahn.  Oberpfat(«nholen  (West  Garinanv) 

design  of  telemetry  and  telecommand  links 
FOR  interplanetary  SPACE  PROBES 

E SioHa  In  AGARD  Avionics  in  Sgacecrtffi  S*p  1971  16  p 

r«N  (Sea  N72  19463  10  14) 

Avail  NTIS  HC$6  00  MF$0  9S 

The  concept  ol  spacecfdtl.'aarth  leiecommuoicai'on  links  is 
praaenied.  and  vanous  sv*te"'  parameters  with  their  influence  on 
link  perloimance  are  discussed  O*  particular  interest  are  (D 
power  division  between  earner  and  .'idebands.  (2)  rnoduiation 
indices.  O)  de^nodulanon/detectioo  losses  ol  RF  receiver  (4) 
subcarner  demodulator.  (5)  b*t  synchronaer  (6)  number  of 
subc8rf*ers.  and  parameter  tolerances  The  design  criteria  such  as 
data  rale  bit  eiror  rale,  and  spacecraft  effective  radiated  power 
are  discussed  An  opumuation  method  is  given  based  on  a 
criterion  ol  minimum  required  total  signal  to  noise  ratio  at  the 
receiver  Enamples  from  the  link  design  lor  the  HEUOS  solar 
probe  demonstrate  the  praciicaiitv  ol  the  approach  Author 


N72  19609*  Royal  Aircraft  Estabiishmer^t.  famborough 
(England) 

SOME  ASPECTS  OF  MULTIPATH  FADING  IN  AERONAUTI 
CAL  SATELLITE  SYSTEMS 

M J Sidlcrd  fn  AGARD  Avionics  in  Spacecraft  Sep  197  1 
iSp  refs  iSee  N72  19483  to  14) 

Avail  NTI3  HCS6  00  MFS0  95 

InformatiQi*  is  presented  which  allows  estimates  to  be  made 
of  the  amplitudes  and  frequencies  of  the  lades  which  occur  m a 
$«.'eliiie  to  aircraft  radio  link  due  to  interference  between  (he 
dirr '.i  waves  and  the  e reflected  from  the  earth  s surface  A 
wide  range  of  conditons  is  covered  involving  reflecting  surface 
pmpe'^ies  freq’ien'^Y  a.'d  fmiens^t'or*  n»  rh»  rariin  w*vas  a.frrah 
antenna  radiahon  pade'h.  and  saieDiie  elevadon  angle 
Experimental  evidence  of  muUipath  fading  over  sea  and  ice  is 
included  and  recommenda'ions  are  made  lor  the  aircraft  aeria< 
characienstics  required  to  reduce  this  fadmg  Author 


N72-I9610f  Deutsche  Forschung;  und  Ve‘$uchsanstaK  luer 
Luft-  und  flfumlaha  OberpfaH«nhr^‘nn  (West  Germany) 

RANGING  TRANSPONDERS  FOR  INTEflPUkNETARY 
SPACE  PROBES 

H Bassenberg  and  R Stoiber  /n  AGARD  Avionics  t 
Spacecraft  Sep  1971  12  p (See  N72  19483  10  14) 

Avail  NTIS  HC$6  00  MF$0  95 

Different  concepts  such  as  direct  .implification  use  of 
doublers  and  Iriplers  m so'id  stale  power  ampliliers  at  2 3 Gh; 
wijh  power  0u(pu«  up  to  20  •*»'  a»‘0  d»sco5»6J  The 

characteristics  values  ol  a doubler  concept  are  measured  with  a 
lest  set  up  of  1 15  CjHz  st'iplme  amplifier  u.i'ng  the  power 
t'anS'Sior  2N5921  F-Jithermo^e  versions  of  cavity  and  slnplme 
doublers  using  varactors  MA  43000  MA  48  300  BXY  19  G6 
and  striplioe  power  dividers  and  comb'ners  are  discussed  Power 
chains  connected  m parallel  make  possible  a 20  W amplifier  at 
2 3 GHz  With  9 total  efficiency  ol  better  than  30  percent 

Auiho' 


N72  19611a  Liricolo  Lab  Mass  Inst  ol  Tech  Lexmgion 

EFFICIENT  X BAND  POWER  GENERATION  FOR  SATELLITE 
COMMUNICATIONS 

0 M Snide'  In  AGARD  Avionics  m Spacecraft  Sop  197 1 
9 p refs  iSee  N72  19483  10  14j 
Avail  NTIS  HC  $6(X  Mf  S095 

The  efficient  generation  of  solid  state  X band  power  b 
utiii/mg  the  negative  impedance  charactonsdes  of  avalanche 
■ diixies  in  'eTiecnun  Mmpiiliers  ij  discussed  Lircuiis  with  low  level 

i gams  ol  1 3 db  with  500  me  fiandwioth  aie  OeicnberJ  Power 

outputs  of  one  watt  continuous  wave  with  5 dt>  gain  and  70 
percent  conversion  eMiwier>cy  m the  same  crcoM  i/e  e«ammerl 
Gain  response  curves  for  gallium  arsenide  d'Odes  are  mc.iuderl 

Author 


N72  19612«  Royal  Aircraft  Establishment  Farnborough 
(Englarul) 

MEASUREMENT  OF  ANTENNA  RADIATION  PATTERNS 
ON  SPACECRAFT 

A Stembridge  tf>  AGARD  Avionics  m Spacecraft  Sep  197  1 
1 1 p (Sec  N72  19483  10  14) 

Avail  NTlS  HCS6  00  MFS0  95 

The  measuremer^i  ol  antenna  radiation  patterns  on  s /dcecraft 
telemetry  and  telecommand  antennas  operatirig  m the  VHF 
(136  - 149  MHz)  and  UHF  (435  470  MHz)  Ireque'cy  ranges 

IS  discussed  Measurements  have  been  C3rrte6  out  or.  out  door 
ranges  by  full  scale  and  modal  techniques  which  are  det  cubed 
Facilities  lor  making  measurements  nave  been  limited  to  models 
weighing  less  than  1 00  lb  A new  facrfiiy.  now  under  construction, 
usmg  improved  techniques  and  capable  of  handling  models  up  to 
SOO  lb  in  weight  is  described  General  techniques  and  methods 
of  presenting  results  are  explained  and  typical  antenna  radiation 
patterns  are  given  Some  comments  on  merits  ol  ar>echoic 
chamber  and  out  door  methods  of  measurement  are  made 

Author 


N72  19S13«  Office  National  d Etudes  et  de  Reche'Ches 
Aerospatiales  Pans  (Fraikce) 

AUTOMAnC  TRACKING  OF  Q SWITCHED  LASER 
RANGEFINDERS 

Roland  Moreau  ht  AGARD  Avionics  in  Spacecraft  Sep  197  1 
12  p refs  In  FRENCH  ENGLISH  summary  (See  N72  19483 
to  14) 

Avail  NTIS  HC$6  00  MFS0  96 

The  autorr\at<c  tracking  of  0 Switched  laser  rar^gehnders  is 
discussed  Subjects  presented  are  iD  programmed  tracking 
through  ephemendes  <2)  mdapendent  t'ackmg  usmg  cariometric 
data,  and  (4)  semiautomatic  tracking  The  acquisiiion  period  lor 

sysi*»iT\  K si*'i1i®'1  with  ®mr»h.3S.^  no  tu,»r^iy  ho.jr 

>a(eii'tes  The  efleut  uf  Ifie  pulse  frequency  >s  analyred  when 
there  is  a partially  random  disptacernent  ol  the  largei  Author 


N72  19514*  Royal  Aircraft  Establishment  F arnboiuoyli 
lEnglaniJ) 

CHIRP  MODULATION  SYSTEM  IN  AERONAUTICAL 
SATELLITES 

G W Barnes  0 Hum  and  0 J Jame^  in  AGARD  Av*or»ics  i.n 
Soacecafi  Sep  1971  10  p (See  N72  19403  lO  I4i 

Avail  NfiS  HC56  00  MF$0  95 

The  advantages  of  chup  modulation  for  air  grourid  digital 
commur'ication  by  way  ol  geostdtionaf>  sateii  tcs  a'e  desd-bed 
The  eilectiveness  ir»  reducing  muMipath  rcceptior^  and  Doppler 
frequency  shiH*;  ■$  discussed  The  contr-bunon  uf  chnp  modulation 
to  reducing  the  iimiiations  ol  rnaiqii^ai  (>ower  budgets  on 
baieiiile  lu  aMuail  irnks  s exammeu  riiyhi  lesis  yf  experimental 
systems  a-e  mcluded  Author 


N7’^  25419*  Artw/C/  fiiuu(.  *0‘  Ae-ost)acr>  rtr»s*'.v  » mil 

Oeveiypmeni  Pjos 'France* 

GUIDANCE  AND  CONTROL  DISPLAYS  Technical 

F vaioviiun  RopoM 

rt  B lyoi.  -Jr  M.i‘  ‘R/.’  9 -r-fs  ‘•'‘•sr-'-tf*!  U'  I'Jt^’  Sy'"P 

4p(  AGARQ  tyuift.'.  I'.r*  anri  Control 
.AGARD  AR  43(  Avail  NTlS  mCS3  00 

riie  p'ini.i|)al  disciplines  inv'rlvcij  in  tin  Ji-s  .^""*'1 
f'Si.-iays  li’f  yiii'Jar.r.'  a'i'l  * ontroi  and  t'le  ' votut.un  ol  Piu  lies  -.  ' 
|Hi.’  ess  wr;ir.-  disr;u‘.sf”1  Am  rv-iluai.'ii'  pr**' r'nip'}  *;oiri  ihn.ri 
v.ewpu-'ils  i-i  8*i  aMo  npl  to  jirfiVi'!*-  .i  t,'’t!*-’  1. 1 i<Ji‘  S I ui li*  i u* 

■ - i-  nM.il  '.»'''liiriif;e  Tliesc  9.":  I ijf*i*r-i.i'  •..•.p,-  .)  ■..<  ..i  ('.»• 

ill  d)ipli\.9liyris  JIhJ  i3‘  •i‘*W  t»*^  finul''  Jy 

N72  25420*1  ArlviSfiiy  G'riup  Im  Af)rusi..i ,i.>  Hivija'**'  iii"l 

|rev*?ir»prn#*rn  Karis  ■r'.inn' 

FLIGHT  TEST  INSTRUMlNTATlON  SEHIfb  VOlUMf  3 
THfc  MEASUREMENT  OF  FUEL  FLOW 
J f'a'iCP  Mer  19  7?  3?  («  r«*f^ 

.nf,AMt)oyra|j:i  1 rj.3  Vol  3 AF.AHO  AG  lOO  >J|  J|  Avjil  frIlS 
HC  S3  75 
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The  rrtein  meth<)dt  ol  fuel  flow  measurement  are  discussed 
and  the  proep^f've  user  i$  advised  of  the  factors  that  should  t>e 
cohfttdered  tn  deciding  which  type  of  meter  to  use  and  what 
precttuiiOAs  to  take  m the  installation  Details  are  given  of  the 
three  rnath  types  of  flowmeters  in  common  use.  namely  lurbir^e 
orifice  and  angular  momentum  true  mass  The  the'^ry  of 
operation  of  each  lyoe  of  flowmeter  is  given  together  with 
details  of  accuracy,  pressure  drop,  susceptibility  to  inlet  and 
outlet  conditions,  form  of  output,  and  other  key  parameters  likely 
to  influence  the  choice  of  type  of  meter  to  be  used  A quick 
referencti  summary  is  provided  for  the  comparison  of  the 
perforrnanv  a of  the  three  types  of  meter  and  various  methods  of 
calibratir^g  Mowmaters  are  discussed  A separate  section  is 
devoted  to  apeciaiist  flowmeters  which  are  not  m general  use 
but  rnay  have  an  application  in  flight  test  work  Particular 
amphasis  is  placed  on  solid  state  flowmeters  which  due  to  the 
neod  to  obtain  improved  life  and  reliability,  are  the  subiect  o( 
much  reaearch  work  Author 


N72  32467#  Advisory  Group  for  Aerospace  Research  and 
Development.  Paris  (France) 

FLIGHT  RFCOHDING  IN  NATO  COUNTRIES.  SECOND 
EOITION 

Hoi  I It  G Zerkle.  ed  Jul  1972  7S  p refs 
(AGARO-AR  39)  Avail  NTlS  HC  $5  75 

The  characteristics  and  appiicatioiis  of  flight  recording 
metrumentt  in  NATO  countries  is  discussed  The  instruments  and 
systems  are  presented  according  to  manufacturer  and  the 
standard  format  contains  the  following  data  Ol  general 
information.  (2)  scope  (3)  bas'C  principles  (4)  mam  characierntics 
(Si  history.  (G)  operational  experience  ar^d  (7)  installation  Flight 
recordirvg  projects  leading  to  the  development  of  new  instruments 
ere  discussed,  usmg  similar  format  A bibliography  of  pertinent 
r%f>nrts  end  documents  on  various  aspects  of  flight  recorder 
epplicaiio.^  and  performance  'S  provded  Autnpr 


N73-1046C*  Advisory  Group  fo'  A^'rospace  Research  and 

Development  Pans  ‘fran'ei 

FLIGHT  test  INSTRUMENTATION 

Sop  1972  76  p refs  Pdrtly  m ENGLISH  and  partly  m FHENCh 
lAGARO  LS  50j  Avail  NTiS  HC$6(X) 

The  impact  o-  technological  deveiopmenis  on  imp'ovemeirts 
in  (he  operating  characierisucs  of  flight  test  dau  systems  is 
outlined  Special  efforts  were  made  lo  provide  the  non  engineer 
an  outline  of  data  acquisition  processing  systems  and  capabilities 
a look  at  mainemanr.ai  techniques  for  e«t'actiny  Oaia  from 
recorded  infor.-nat'On  and  illustrate  how  these  developments  have 
influenced  the  design  r.f  flight  test  programs  For  individual  tales 
see  N73  10451  ihrous^h  N73  10457 


N73  1D461  Boomg  Co  Seattle  Wash  Comrne-- 'al  Airplane 
Group 

FLIGHT  TEST  INSTRUMENTATION  SYSTEMS  OF  THE  70  S 
.Men  J Ferkovich  In  AGARO  Flight  Test  Instiumeniation  Sep 
1972  1 1 0 (Fo*  availability  see  N73  10450  0i  M' 

The  proieclecf  equipment  techniques,  and  procedures  used 
in  research  flight  lest  instrumentahon  syftiems  are  ouilmed  The 
impici  of  new  technology  on  comple*  aircraft  sysie.ns  is 

discussed  E h vv 

N73-10462  Advisory  (.roup  for  Aero  space  Research  and 
Development  Pans  tFranrei 

AIRBORNE  DATA  ACQUISITION  AND  PROCESSING 
BYhTEMS 

Alam  Klopfstem  h,  /Is  Fh^.ht  Test  instrumentation  Sep  VH/z 
12  p IFor  availabil  ty  see  N^3  10460  01  *i4l 

The  evolution  of  the  m flight  rr’easurenieni  system  concept 
frort)  the  mere  rompetibility  r>f  instruments  to  overall  airborne 
data  fiarvdlmg  a>iJ  process-rig  is  considered  as  well  ri . ns  impaci 


oil  s/siem  structure  lilustratijns  are  yiver.  ol  various  types  of 
equip*  lent  and  systems  and  of  their  utilisation  according  to 
paniculai  requirements  Author 

N73  10453  Ruy;vr  Aeronautical  S<>ciety  condcr  England.- 
ground  handling  TFCHNIQUES  AND  SYSTEMS 
J M L Trin.na..  'f'  AGAflO  FUqh;  Teat  Instrun.enialion  Sep 
1972  A p .f-or  avd-labiMy  sue  N73  10450  01  14> 

The  processing  of  Oai*i  from  ta  ge  c»vil  duc'alt  pa-'ticularly 
data  from  the  Concorde  s digital  rev-OrdiOirs  'S  discussed  Data 
cover  digital  n^aqneliC  tape  foi  quas.  static  p3id"»eters.  FM 
magnetic  tape  tor  dioamic  parameters  and  film  ar>d  paper  tape 
for  takeoff  and  ianomg  measuremenis  £ HW 

N73- 10454  french  Flight  Test  Center  Istres 
DYNAMIC  DATA  PROCESSING  SYSTEMS 
M B Per.nacchioni  In  AGARD  Flight  Test  Insir jiAeniaiion 
Sep  1972  18  p rfot  availability  see  N73  10450  Ot  l4j 

Aa  ar^alysis  was  rnade  ol  the  systems  used  to  measure 
irv  flight  idK^e  oH  run>.  or  Idr^d1ng  data  Data  are  cjiven  for  system 
flexibility  ease  of  pie  ar^d  post  processing  ease  ol  communica 
tion  between  use»  anti  rnjchme  bulk  (jf  sySiCn..  and  cost  Ol 
using  the  s,siem  Cof'Sideraiion  is  also  given  to  measuring  range 
sensitivity  and  accuracy  “I  the  system  t HW 

N73  10455  Pi  nceton  U mv  NJ  Depi  of  Aerospace  and 
Mechanical  Sciences 

THE  ANALYSIS  OF  STEADY  STATE  AND  RANDOM  FLIGHT 
DATA 

E J Ou»t*in  In  AGARD  Flight  Test  insWumeniatiOn  Sep 
19/2  3 p '‘■or  avaiiabiiiiy  see  N73  10460  0i  14* 

The  'uhcl'onai  depende-'re  ol  lest  time  ol  'ah-Jo"t  arid 
deieimrnist'C  flight  Jala  anatys  s is  mvesiiqateJ  The  mvas.-gation 
covers  test  plannmg  instrumentation  technology  and  data  analysis 

E H W 


N73  10466  Arizona  State  Univ  . Tempe  Lab  for  Measurement 
Systems  Engineering 

A UNIFIED  APPROACH  TO  HANDLING  NOISE  IN  MEASUR 
ING  systems 

Peter  K Stem  in  aGARD  Flight  last  Instrumentation  Sep 
1972  lip  '«'s  iFor  evaiiab'lilv  see  N73  10450  01  14) 

A small  portion  of  the  new  onifled  approach  to  the  enginaenng 
ol  measuring  systems  'S  presented  Ttie  presentation  an(3  example® 
are  selected  to  show  the  application  of  this  approach  to  the 
determination  suppression  and  documeniaiion  of  noise  levels 
m flight  test  measuring  systems  in  which  the  initial  measuring 
•s  of  analog  nature  A systematic  methodology  »s  developed  lor 
the  delerrmnahon  and  documentation  ol  noise  levels  on  any 
given  test  sel  up  at  any  time  Oelore.  during  u'  afle*  A test, 
arvd  Without  specific  knowldedge  of  the  env.ronmental  factors 
which  cause  these  noise  leva's  A strong  plea  is  made  for  the 
recognition  ol  measurement  systems  engineering  as  a discipline 
ir.  Its  own  right  which  can  and  must  be  ir>corporatod  into 
engmear.ng  curnculi  The  unified  approach  is  Offered  as  a Starting 
point  towards  this  end  The  need  for  additional  concept 
research  m this  field  is  identified  and  the  hope  is  expressed 
that  orbited  efiohs  among  various  nations  will  result  m the 
production  of  measurement-oriented  or  measurement-conscious 
engineers  of  alt  disciplines  and  at  all  Iwels  Author 

N73-10467  Messerschmitt  Boelkow-8iohm  GmbH  Munich 
(West  Germany) 

IMRACT  or  NEW  TECHNOLOGY  AS  ILLUSTRATED  IN  AN 
ADVANCED  OPERATIONAL  DATA  SYSTEM 
Josef  Herrmann  In  AGARO  Flight  Test  Insfrumeniation  Sep 
1972  11  p (For  availability  see  N73  10450  01  l4f 

The  impact  of  new  technology  m flight  test  mstrui-isr^taiion 

equipmarii  i>  giv«i.  fur  d comprehensive  2nd  edvenced  sif»»orr>e 

data  acquisition  system  and  ground  data  processing  station  This 
advanced  operational  data  system  is  used  Icr  flight  testing  of 
the  high  performance  MRCA  aircraft  involving  saveral  ancraft 
prototypes  for  different  tasks  at  different  test  sites  Author 
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N73  11407*  Advisory  Group  lor  Aerospace  Research  and 
Development  Pan$  (Fiance) 

V STOl  DISPLAYS  FOR  APPROACH  AND  LANOING 

Jul  19  72  SO  r 

lAGARD  R 594)  Avail  NTlS  HC  I4  50 

The  design  and  development  of  display  systems  were  studied 
for  developing  ail  weather  operational  capaL.lity  m terminal  areas 
for  V STOL  aircraft  Aspects  of  the  study  discussed  include 
operational  factors  and  ground  environment,  veh’tle  configuration, 
terminal  area  flight  profiles  pilot  factors  tradeoffs  guidance  and 
control  and  human  engineering  The  conclusions  of  the  study 
are  summarized  and  the  recommendations  for  future  research 
and  development  arc  included  FOS 


N73  Advisory  Group  for  Aerospace  Research  and 

Development.  Pans  (France) 

DISPLAYS  FOR  APPROACH  AND  LANDING  OF  V STOL 
AIRCRAFT 

Nov  1972  17  p 

lAGARD  AR  511  Avail  NTIS  HC  $3  00  CSCLOlS 

An  analysis  of  the  display  systems  required  for  approach 
and  landing  ot  V/  STOl  aircraft  was  conducted  The  various  factors 
considered  m :he  analysis  are  (i)  operational  factors  and  ground 
environment.  2i  guKlance  requirements  (3f  relation  between 
control  and  diiolay  sophistication  (4)  information  requirements 
(S)  human  factors  engineering  and  (6l  current  display  devices 
Oiagiams  of  proposed  instrument  panels  and  display  devices  are 
included  Author 


N 73-20499^  Advisory  Group  for  Aerospace  Research  and 
Development.  Pan>  (France) 

AQARO  FLIGHT  I N b I M U M fc  N 1 A T 1 0 N S£Ri£S 

VOLUME  2 IN  FLIGHT  TEMPERATURE  MEASUREMENTS 
F Trankle.  W Remhtfdi  W 0 Mace,  ed  sod  A Pool  ed 
Feb  1973  171  p reis 

(AGARD  AG-160  Vol  2 AOAROograph  160  Vol  2)  Avail  NTlS 
»!C  $10  75 

The  field  of  temperature  measurements  m a'rcrait  at  Mach 
numbers  up  to  2 3 and  altitudes  up  to  80  000  feet  is  reported 
After  a general  discussion  of  the  requirements  of  ai'crah 
temperature  -neasurements  and  the  available  temperature  sensing 
technologv.  the  detailed  techniques  of  using  resistance  probes 
and  thermocouples  as  wex  as  the  associated  eiectncai  leads. 
Circuit*,  end  indicators  are  explained  A discussion  of  heat  transfer 
processes,  primarily  between  moving  fluids  and  solids,  includes 
lermirtology.  the  systemaiics  of  tempe'atu'e  measurements  and 
the  concept  of  total  temperature  as  the  mam  operaiKDnai 
peremeter  One  section  deals  with  errors  m lemperatu'e 
measurements,  as  functions  of  various  parameters  m gases  iiquius 
er>d  solids  Typical  laboratory  and  »n  flight  calibration  techniques 
for  theimometery  are  described  followed  by  discuss'ons  of  data 
handling,  error  analysis  and  Ihe  limits  of  present  methods 

Author 


N74  14116«  Advisory  CWout^  loi  Aprospare  Hp-.*;a»rii  and 

Development  Pans  'francei 

AQARO  flight  TEST  INSTRUMENTATION  SERIES 
VOLUME  4 THE  MEASUREMENT  OF  ENGINE  ROTATION 
SPEED 

M Vedrunes  0 Mace  e-i  and  A Poo*  ed  Oct  19/ 3 
32  D refs  4 Vol 

lAGARO  A(3  ibO  Voi  4-  Ava.'  NTih  hc  53  ,'f, 

The  lechnuj'jes  jr  d user)  rneasure  ♦.ngine  'otahon 

Speeds  are  ar'aiy/ed  Chronoiacimnieters  td-.huq».ie'atn»s  an»J 
magnetic  sensors  arc  discussed  aiemg  i«7iiti  itie  design  of  airtx>fne 
measuring  systems  The  adva  ijges  and  disadvantagns  of  each 
type  are  presented  iric  tPicmeny  sv'*!*?".-,  .. 

procedures  are  desr.nOerJ  for  Vol  2 s»'»!  f^7J  2049  loi  Voi  3 
see  H17  2W0  <->  ■> 
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Includes  b««nng«  Mats,  pumps  and  oth«'  mechanical 
aouipmen!  lubncaiioo  friction,  and  xArear.  manufactunog 
processes  and  quality  cont>ol.  reliability  drafting  and 
materials  fabrication.  her>diing.  ar>d  inspection 


N72 -195411(1  Advisory  Group  for  Aerospace  Research  and 
Deveiopmant.  Pans  (Franca)  Structures  ar>d  Materials  Panel 
APPLICATION  OF  NON  D»-STRUCTIVE  INSPECTION 
METHODS  TO  AIRCRAFT  STRUCTURES 
P GaMinaro  ar>d  R B Ohvei  Oct  1971  34  p refs 
(AGARO  R 587  71)  Avail  NTIS 

Nondestructive  test  methods  are  defined  arvd  their  application 
for  inspection  of  aircraft  structures  is  evaluated,  based  on  the 
results  of  an  aircraft  industry  survey  For  individual  titles,  see 
N72  19S42  through  N72  19543 


N72-19642a  Advreory  Group  for  Aerc.^pace  Research  and 
Oevalopment.  Pant  (Fraryie) 

NONOF5TRUCTIVE  INSPECTION  OF  STRUCTURES 
P Gaiiiriaro  M Its  Appi  of  Nondestructive  Inspection  Methods 
to  Aircraft  Stroci  Oct  1971  p 3 14  refs  (See  N72  19641 
10  15) 

Avail  NTlS 

Current  methods  of  inspection  are  reviewed  and  their 
application  is  dafmed  for  three  major  areas  <1)  irvsp«ciior>  of 
adhesive  bonded  structures  (2)  inspection  of  welded  jumts  and 
(3)  inspection  of  riveted  or  boned  joints  C LG 


N72  19543#  Adviso~y  Group  lor  Aerospace  Research  end 
Development  Pans  (France) 

SURVEY  ON  The  application  of  nondestructive 
INSPECTION  METHODS  TO  COMMERCIAL  AIRCRAFT. 
1998  TO  1970 

Rooed  B Oliver  In  tts  Appi  on  Nondestructive  Inspection 
Methods  to  Aircraft  Struct  Oct  1971  p 15  20  (See 
N72  19541  10  15) 

Avail  NTIS 

Oeta  related  to  the  application  of  nondestructive  inspection 
methods  were  acquired  from  commercial  airline  overhaul  bases 
airframe  manufacturers,  research  laboratories  and  equipment 
manufacturers  The  project  was  aimed  at  (1)  evaluating  the 
in  nondestf urlive  inspection  (2)  i«*olBting  the 
best  nonoestruciive  inspection  procedures  and  (3l  making 
recommendations  to  improve  the  accuracy  of  the  methods  and 
to  stimulate  development  nf  improved  methods  The  results  of 
the  project  are  presented  m the  form  of  n state  of  the  art  review 
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raaaarch  aa%  26  Pt>va»ct.  Solid  Stato 


N72-26493#  Advisory  Gfoup  Aerospace  Research  and 
OavaloprTiani.  Pans  (France) 

LASER  Technology  in  aerodynamic  measure 

MENTS  AGARO  Lecture  Sories 

R C PanLhursi  ad  Mar  1972  249  p refs  Presentod  at 

Rhod#'Sair\t-Ganesa.  Belgium.  14-18  Jun  1971  sc>onsorad  by 
AGARD  Flutd  Dyn  Panel  and  von  Karman  Inst  for  Fluid  Oyn 
(AGAHO-LS-49)  Avail  NTlS  HCStAOO 

The  proceedings  of  a conference  on  the  use  of  lasers  for 
measuring.aerodynamic  applications  presented  The  subiectt 
discussed  are  U)  principles  of  holography.  (2i  mathematical 
methods  m coherent  optical  systems  analysis.  131  laser  beams  for 
aerodynamic  flow  field  analysis.  (4)  laser  Doppler  velocimeters 
for  wind  tunnel  applications.  (5)  laser  applications  for  high  speed 
photography,  and  (6)  laser  mairoiogY  For  individual  titles  see 
N72-25494  through  N72-25506 


N72-26494ill  Tennessee  Umv  . Tullahoma  Space  Inst 
AN  INTRODUCTION  TO  THE  LASER 

T H Gee  In  AGARO  Laser  Technoi  m Aerodyn  Maas  Mar 
1972  5 p reH  (See  N72-25493  16  16) 

Avail  NTIS  HCS14S0 

The  basic  principles  o1  laser  operation  are  discussed  The 
properties  which  characterise  its  performance  as  a source  of 
quati-monochromatic  radiatiori  m and  near  the  visible  rar>ge  of 
the  electromagnetic  spect-um  are  described  The  various  materials 
which  are  used  for  laseiv  and  the  construction  of  the  resonant 
cavitv  are  explained  The  three  classes  of  energy  levels  are 
discussed  and  schematic  representations  are  included  Author 


f N72-26496/if  Tennessee  Umv  . Tullahoma  Space  Inst 

PRINCIPLES  OF  HOLOGRAPHY 

i T M Gee  In  AGARO  User  Technoi  in  AercOyn  Meas  Mar 

[•  1972  13  p ref  (See  N72  26493  16-16) 

I Avail  NTIS  HC$14  50 

’ The  principles  of  holography  are  discussed  Holography  is 

1 the  process  of  recording  comple*  wavefronts  of  light  scattered 

by  a scene  'obiert*  and  subsequerit  release  of  the  recorded 
wavefronts  to  reconstruct  the  original  scene  The  reconstruction 
contains  all  of  the  ge^jmetricai  characteristics  of  the  onginai 
scene  which  one  would  observe  by  viewing  the  scene  through  a 
' window  whose  dimensions  are  those  of  the  recording  medium 

The  basis  of  the  recording  process  is  interferometry  A complex 

[ vvavcfrcn!  :s  made  to  with  ^ known  reference  wave  and 

the  result  recorded  by  a square  law  detector  Author 


N72-2S496/if  Tennessee  Univ  Tullahoma  Space  Inst 

MATHEMATICAL  METHODS  IN  COHERENT  OPTICAL 
SYSTEMS  ANALYSIS  FIRST  ORDER  .^NALYSlS  OF  A 
HOLOGRAPHIC  8CHLIEREN  SYSTEM 

T H Gee  /«  AGARO  Laser  Technoi  in  Aerodyn  Meas  Mar 
1972  7 p refs  (See  N72  25493  16-16) 

Avail  NTIS  HCS14  50 

The  mathematical  methcx3s  employed  in  the  analysis  of 
coherent  optical  systems  are  demonstrated  bv  an  illustrative 
example  This  example  involves  an  optical  ccnfiguiation  which 
may  be  employed  as  a holographic  Schueren  system  and 
illustrates  the  Fourier  transform  properties  of  positiv'.  tlon  lens 
holograrn  formation  and  reconstruction  magnificatiori  and  various 
approximations  which  are  normally  made  m a first  order  analysis 
The  coherent  optical  configuration  is  presented  Author 

N72  2S497ilf  Queen  Univ  iJj'fasi  (Northern  Irelandi 

EFFECTS  OF  COHERENCE  ON  FLOW  VISUALIZATION 
RtiTHOOS 


L H.  Tanner  In  AGARD  Laser  Technoi  :n  Aarodyn.  Meas 
Mar  1972  2 p (See  N72-25493  16-16) 

Avail  NTIS  HCS14S0 

The  application  of  coherent  light  to  How  visualisation 
procedures  is  discussed  Diagrams  illustrating  the  differer»cet 
betwaar^  lht*rmal  light  sources  and  coharent  light  sources  are 
presented  Tl.e  advantages  of  laser  light  over  conventional  light 
described  and  mathematical  models  are  included  to  support 
the  ‘heoreiical  considerations  Author 


N72-26498#  ARO  Inc  . Arnold  Air  Force  Station,  Tenn 
AERODYNAMIC  HOLOGRAPHY 

J D Irolmger  In  AGARD  Lasei  Technoi  in  Aerodyn  Meas 
Mar  1972  18  p refs  (Sea  N72-25493  1 6- 16) 

Avail  NTIS  HC  $'4*^.0 

Applications  or  holography  m aerodynamics  jnd  reiaiad 
mechanics  are  discussed  Included  are  holographic  generalised 
flow  viic  aiixaton.  inierleromeiry.  and  three  dimensional  recording 
The  high  resolution  arialysis  of  dynamic  r.jariy  transparent 
three  dimer. iionai  held  of  light  scattering  elen>ents  is  dascribad 
Specific  applications  of  particulate  matter  m explosions  plasmas, 
rocket  and  engine  e>  hausts.  arvj  m wind  tunnel  and  similar 
research  facilities  are  exan.med  it  is  concluded  that  holography 
provides  oata  not  obtamabla  by  other  means  and  has  ecorH>mic 
and  technical  advantages  over  conventional  means  of  dRta 
acquiSit-of^  Author 


N72‘26499x  Micnigen  Univ.  Ann  Arbor  Inst  of  Science  and 
Technology 

EXPERIMENTAL  HOLOGRAPHY 

J Upatnieks  In  AGARD  Laser  Technoi  m Aerodyn  Meat 
Mar  19V2  dp  refs  (See  N72  25493  16-16) 

Aveil  NTIS  HCS14  60 

The  formatter:  of  S ho'ogism  and  th»  r#/'firdmg  nf  the 
loiefterence  pattern  between  a reference  beam  aivd  the  light 
waves  reflected  from  an  object  or  scene  are  discussed 
Holography  IS  interferometry  and  the  technology  of  tha  subject 
applies  to  holography  as  well  The  factors  affecting  the  formation 
of  the  hologram,  the  Qual'ty  and  characteristics  of  reconstructed 
images  and  various  optical  systems  for  constructing  holograms 
are  considered  Author 


N72-2S500a  Michigan  Univ.  Ann  .Arbor  Radar  and  Optics 
Ub 

CHARACTERISTICS  OF  DIELECTRIC  HOLOGRAMS 
J Upetnieks  and  C D Leonard  In  AGARD  Laser  ”^ichnol  m 
Aerodyn  Meas  Mar  1972  9 p refs  (See  N72-25493  16-16) 

(Contrac’s  F33615  67  C 1814.  F3361  5 68  C- 1 310) 

Avail  NTIS  HC$14  50 

The  diffraction  efficiency  and  signal  to-noise  ratio  for 
two-dimensional  and  volume  diffuse  signal-beam  holograms  ere 
calculated  and  experimentally  determined  Calculations  are  based 
on  the  statistical  properties  of  the  signal  beam,  ar^d  exact 
integrals  rathe'  than  series  approximations  are  used  High 
signai-to-noise  ratio  and  high  diffraction  efficiency  are  poseible. 
with  the  peak  caicuia'ed  diffraction  efficiency  beir>g  22%  for 
two-dimensional  an.i  64%  for  volume  holograms  The 
experimentally  achieved  efficiencies  were  1 2% for  two-dimensronal 
and  36%  for  volume  holograms  Author 


N72  25601“*  TRW  Systems  Group.  Redondo  Beach.  Ceiif 
PULSED  LASER  HOLOGRAPHY 

R f Wuerker  and  L 0 Heflmger  In  AGARD  User  Techr>ol  in 
Aerodyn  Meas  Mar  1972  14  p refs  Previously  published 

in  The  Eng  Uses  of  Holography  by  E R Robertson  and  J M 
Harvey  Cambridge  Univ  Press  19/U  ibee  N/2-2b49d  I6-I61 
iContracts  NASw  1572  JPL-952023  F046  r. -67C01 05. 

F33615  66  Cll 19) 

(NASA  CR  1 267671  Avail  NTI$  HC  $3  00  CSCL  206 
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The  develcpmeni  of  optical  systems  used  in  hrioc'tpf'v 
which  compeneete  for  the  limited  spr.tia!  temoorel  coherence  of 
Q switched  ruby  later  :'uminetors  it  discosied  The  employment 
cf  the  equipment  to  record  prOfecttles  in  flight,  aerodynamic 
waket.  and  electric  discharge  plasmas  is  described  Diagrams 
and  drawings  are  supplied  to  show  the  constfjcticn  ar>d 
operation  of  the  sysiam  P N P 


N72'26$02#  TRW  Systems  Group.  Redondo  Beach.  Cah* 

RUBY  LA8CR  HOLOGRmPHY 

R f Wuerker  end  L 0 Hefhnger  /n  AGARC  Laser  Technol  m 
Aerodyn  Maas  Mar  1972  13  O refs  Repr  from  SPlE  J. 

V 9.  1971  0 122-130  also  from  Proc  of  the  Conf  tn 

Anaheim  Calil  14  17  Sep  971  (See  N72  2S493  16  16> 
{Contract  F33ril5  69  C 16301 
Avail  NTiS  HCS14S0 

The  solid  state  ruby  laser  for  recording  of  holograms 
without  either  the  granite  tables  or  vibration  isolation  equipment 
needed  with  gas  lasers  is  discussed  The  ruby  laser  is  unique  m 
thet  it  can  be  made  to  emit  several  joules  of  light  m a tenth  of  a 
microsecond  '•  then  more  conventional  form  these  lasers  are 
not  peaicuiari,  coherent,  due  to  the  widm  of  the  ruby  R sub  1 
lasing  iransition  Temporal  coherence  can  be  as  low  as  one 
cantimeier  The  development  ol  holograt  nic  configurations  which 
comportated  for  the  limited  spat<al  and  temporal  coherence  of 
ruby  lasers  is  considered  These  were  used  tc  record  transmission 
holograms  of  combustion  in  .ocket  engines  aerodynamic  ftcw 
patterns  and  particulate  matter  in  coal  furnaces  Author 


N72  26603a  Institut  Franco  AHemand  de  Recheiches.  bt  Louis 
(France) 

LAS6R  8€AM  PROBING  ROR  ACRODYNAMIC  FLOW 

riCLD  ANALYSIS 

6er  nard  Koch  /n  AGARO  Laser  Technol  m Aerodyn  Mv«rs 
Mar  1972  20  p refs  (See  N72  26493  16  161 

Avail  NTiS  HC$14S0 

The  application  of  laser  beams  for  the  measurement  of 
aerodynarriic  Mow  fields  at  supersor-ic  and  hypersonic  speeds  *s 
discussed  The  subjects  presented  are  (U  basic  methods  of 
optoelectronic  flow  field  probing.  (2)  single  beam  techniques  (3) 
small  diameter  beam  method  for  supersonic  free  jet  investigation 
(4)  twin  Of  multiple  beam  techniq«;es.  (5)  c ossiog  beam  method 
(6)  multiple  beam  interferometry  and  (7)  Doppler  diMerer^ce 
method  Autho> 


particular,  the  development  of  a self  aligning  system  to  r • /'ate 
the  basic  problems  inherent  with  previously  conceived  r iois. 
ere  described  The  Oesigr:  and  the  progress  made  on  a direct 
readout  ayttem  to  determine  three  orthogonal  components  of 
velocity  directly  are  presented  A number  of  Significar>t 
proof-of  principle  eipenmants  covering  a wide  variety  of  flows 
both  liquid  arvd  gaseous,  are  discussed  The  results  of  a number 
of  wind  tunnel  calibrations  verifying  the  superior  performer C6  of 
the  LDV  for  not  only  velocty  determination  but  also  to  perform 
DOunda^  layer  measurements  art  also  included  Author 


N72-2650Bir  ARO  Inc  . Arnold  Air  Force  Station.  Tenn 
Ceperimental  Research 

application  of  dual  scatter  laser  oofpler 

V£LOClMETERS  FOR  WIND  TUNNEL  MEASUREMENTS 

A £ Ler^neri  F H Smith  and  R L Parker  /n  AGARD  Laser 
Technol  m Aerodyn  F^.eas  Mar  1972  16  p rafs  (See 

N72  25401  16  161 
Avail  NTIS  HCS14  50 

A duel  scatter  laser  Doppler  velocuneier  (LDV).  usr.-d  m both 
forward  and  scatter  modes  and  a direct  data  readout 

system  are  descnbed  The  characteristics  of  the  dual  scatter 
system  are  such  that  no  seed:ng  of  flow  is  required  tc  effect  the 
measurements  With  minor  mc'1  f»catiOns  and  improv«  manis  the 
dual  scatter  LVO  sys.^m  bo:<>  forward  and  beck  scatter. 
Supplants  conventional  me%  .unng  devices  Descriptions  of  the 
apohcation  of  the  msirumeri*  to  actual  wind  tunne:  measure 
meots  including  calibration  of  a one  foot  Irensonic  wmd  tunnel, 
flow  field  measurements  ol  a s mulated  helicopter  downwash. 
and  flow  held  mapping  across  r high  lift  wing  section  are 
included  Auttior 
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N72-26604a  Max  Planck  Institut  luer  ’lasmaphysik  Munich 
(West  Germany) 

LASER  A LIGHT  SOURCE  FOR  HIGH  SPEED  PHwTQGRA 
PHY 

K Buechl  fn  AGARO  Laser  Technol  m Ae  odyn  Meas  Mar 
1972  22  p refs  (See  N72  25493  16  16) 

Avail  NTIS  HCSU50 

The  eppl'cation  of  iase>s  as  an  indirect  light  source  fo'  high 
speed  photography  is  discussed  Examples  of  such  applications 
are  laser  produced  plasmas  lor  vacuum  ultraviolet  i«ght  sources 
or  electron  sources,  ultrafast  trigger  and  c.  libration  of  image 
converter  cameras,  and  a light  gated  Ken  ceil  The  characieris 
tics  of  lasers  for  photographic  use  are  descr.bed  and  matt'emaiicat 
models  are  included  to  support  the  theorerical  considerations 

Author 


I N72-2660Sf  ^ ’0  Inc  Arnold  Air  '’orce  Station  Tenn 

Experimeniai  Research 
LASER  METROLOGY 

A £ Lenncfi  0 B Braylon  f L Crosswy  W H Ooelhert  and 
H T Ka!b  ir  AfjARD  Laser  Technol  m /'erodyn  Meas  Mar 
197?  9fi  p mf<  iSe#  N7?  25493  16  I6i 
Avail  NTIS  HCS14  50 

The  development  of  a laser  Doppler  velor  ly  instrument  to 
mossura  velocities  of  flowing  flu'ds  is  discussed  The 
electro  optical  ir.>|ruments  are  be>ng  developed  lor  enhancirig 
the  measu'ioy  capabilities  m wind  lu'ineis  The  bas._  design 
parameters  of  the  input  oligned  optics  LDV  system  and  *r. 
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17  materials,  METALLIC 

lncltid«»  c«rm«ts  corroftion.  ohyftiC«l  and  macharicai 
P'opartias  of  matanala.  mattiiurpY  and  tippltcatiO'«s  as 
structural  materials  For  basic  research  see  06  Chemistry 
For  related  inforrr^ation  see  also  1 8 Materials  f4onrneiaiiic 
ar\d  32  Structural  Mechanics 


N72-20i91a  AcJv»sor>  Group  for  Aerospace  Research  ano 
Oevaloprnent  Pant  (France) 

NATO  NATIONAL  REPORTS  ON  HIGH  TEMPERATURE 
CORROSION  OF  AEROSPACE  ALLOYS 

R I Jaffte.  ed  (Batlelle  Mem  Inst  Columbus  Ohio)  Feb 
1972  36  p 

lAGARO  R 691  ) Avail  NTlS 

A presentation,  m j <«nes  of  brief  statements  on  much  of 
the  research  ar>d  development  work  m progress  and  some  that  is 
planned,  in  mne  (9)  NATO  countries  on  high  temporeture 
corrosion  of  aerospace  alloys  is  g'ven  .Author 


N73-236P7i^  Advisory  Group  for  Aeiospace  Research  and 
Development  Pans  (France) 

HIQH  TEMPtRATURE  CORROSION  OF  AEROSPACE 
ALLOYS 

J Stringer  ed  t Liverpool  Univ ).  R I JaHee.  ad  (Battelle  Columbus 
Labs.  Ohio),  anc  T F Kearns  ed  (Navel  Air  Systems  Command) 
Mar  )973  338  o refs  In  ENGLISH  and  partly  in  FF.ENCh 

Conf  held  at  Lyngby  Denmark  to  12  Apr  1972 
(AGAR0  CP120)  Avail  NTIS  HCS19  00 

Results  are  presented  of  confererice  discussions  on  th's  ehects 
of  high  temper  iture  corrosion  and  oiidation  of  alloys  for  future 
apphcat.ons  m aerospace  vemcies  For  uijiv>uu<ii  «<Cc>.  se« 
N73  23698  through  N73  23618 


N73-2369E  M at  Plenck  Institut  fuer  Physikaiische  Chemie 
Gctungen  iSVesi  Germany) 

GENERAL  ASPECTS  OF  HIGH  TEMPtRATURE  CORROSION 
OF  STRUCTURAL  MATERIALS 

Carl  Wagner  M AGARO  High  Temp  Corrosion  of  Aerospace 
Allpvs  Wai  1973  p 3 7 refs  iFor  eva>'ab'iity  see  N73  23697 
14- 1 7l 

An  Ciida  tron  scale  for  high  (emperature  corrosion  of 
structural  materials  is  examined  and  its  requirements  established 
Scane  requirements  -nciude  ( 1 1 low  conceniridon  of  lonic  defects 
elective  m meta!  ■ n tianspod  (2)  negligible  vaporisation  of 
oxides  in  the  scale,  and  (3)  freedom  from  pores  or  cracks  and 
itrm  «dn*r«nr«t  tc  underlyinq  aHoy  even  during  rapid  temperature 
changes  Author 

N 73-23699  National  Oss  Tu  bme  Establisfiment  Pyestock 
(tngland) 

THE  ENVIRONMENT  ENCOUNTERED  BY  HIGH  TEv^PERA 
TURE  COMPONENTS  OF  THE  AIRCRAFT  GAS  TURBINE 

J E Resisil  In  AGARD  High  Temp  Corrosion  ol  Aerospace 
Alloys  Mar  1973  pll  3Of0fs(Foiavail^biMiy  see  N73  23597 
14  171 

A brief  exaniin  j1:oii  is  made  of  the  factors  governing  the 
behavior  ol  hot  components  combustion  chamber  oo/iie  guide 
vanes  and  turbine  rotor  blades  in  aero  engines  m the  absence 
of  a hot  salt  corrosion  environment  The  effects  on  cornponents 
in  engine  trails  of  controlled  edditions  ol  -ait  made  to  the  intake 
air  and  fuel  ere  oiscussed  Author 

N73  23600  Societe  NaiK>nele  d Etudes  el  de  Construction 
de  Moteurt  Aeronautiques  Corbeil  (France) 

MATERIALS  CURRENTLY  EMPLOYED  IN  HIGH  TEMPCr’.A 
TURE  COMPONENTS  OF  THE  AIRCRAFT  GAS  TURBINE 

M Bruneiaud  In  AGARO  High  Temp  Corrosion  of  Aerospace 
Allovs  Mar  1973  P 31  42  'n  FRENCH  ENGLISH  summary 
(Fot  evjilabtlity  see  N73  23697  14  i7) 


Ger\eral  aspects  of  the  high  lempereture  compor^ents  o-  the 
gas  turbine  are  briefly  reviewed,  along  with  mechanical  vnd 
chemical  properties  required  cf  materials  Commercial  nickel  nd 
cobalt  base  superalloys  are  reviewed  m terms  of  their  i(X.O 
hour  rupture  Strengths,  together  with  some  experimental  a'loys 
currently  being  developed  Tins  last  group  includes  powder 
metallurgy  aXoyt.  directionally  solidified  alloys,  and  allovs  b.tsid 
on  the  refractory  metals  Hot  corrosion  resistant  superaloi's 
contain  high  chromium  contents  at  the  expense  of  hn;h 
temperature  strength  Designers  are  cut<ently  attempting 
develop  wri  intermediate  group  of  high  strength  alloys  v/rh 
acceptable  corrosior>  resistance  complemented  by  elurrinM.ri 
based  diffusion  costings  AutI  or 

N73‘23601*  National  Aeronautics  artd  Space  Admimstrsti.n. 
Washington.  D C 

THE  ENVIRONMENT  AND  MA1ERIALS  FOR  GLI3E 
REENTRY  VEHICLES 

G C Deutsch  In  AGARD  High  Temp  Corrosion  of  Aeros.-r^ce 
Alloys  Mar  1973  p 43  59  tfor  availability  see  N73-2''597 
14  17) 

CSCL  22C 

The  onvironmenial  corditions  to  which  a large  glide  reentry 
vehicle  luch  as  the  spaco  shuttle  is  subjected  is  discus.ed  A 
cormparison  ts  made  with  t e state  of  the  ari  for  maien;ifs  and 
structures  to  meet  this  environmental  threat  The  options  that 
are  avadabie  are  stressed  as  are  ths  areas  where  additional 
research  and  devaiopmeni  is  required  Author 

N73-236D2  Belgian  Center  tor  Corrosion  Study  Brussels 

WHAT  ARE  THE  ADVANTAGES  AND  LIMITATIONS.  THE 
USE  OF  EQUILIBRIUM  THERMODYNAMICS  FDR  THE 
treatment  OF  COMPLEX  HIGH  TEMPERATURE  CORRO 
Sion  REACTIONS? 

M Pov'baw  In  acaRF)  Hioh  Temo  Corrosion  of  Aeroso3ce 
Alloys  Mar  1973  p 63  78  <efs  (for  avdiiobriilv  see  N73  23597 
14  17) 

The  conditions  of  theimodynamic  stability  of  every  species 
which  may  exist  >n  a given  system  whatever  the  complexity, 
may  be  represented  by  means  of  suitable  diagrams  These  enable 
one  to  piedict  the  general  conditions  (lemperaiure.  pressure, 
composition  of  ihe  gaseous  phase)  where  a given  solid  or  liquid 
compound  may  be  stable,  metasiabie  or  unstable  Three  types 
of  diagram  are  illustrated  m which  the  ordinates  and  abscssae 
.^re  respectively  log  P Sub  02  and  I T RT  In  P s-:b  02  and  T. 
and  F ui^d  T The  .elaiive  values  of  these  methods  of  representation 
are  discussed  and  ihe>r  applications  to  the  studies  of  corrosion 
r*roblems  IS  Outlined  Aulhoi 

N73-23603  Orleans  Univ  (France) 

RELATIONS  BETWEEN  INITIAL  ME 'ALLIC  SUBSTRATE. 
AND  FIRST  STAGE  OF  THE  REACTION  aND  FORMATION 
OF  OXIDF  LAYERS  (RELATIONS  ENTRE  L ETAT  INITIAL 
D UN  SUBSTRAT  METALLIQUE.  LES  PREMIERES  ETAPES 
OE  LA  REACTION  ET  LA  FORMATION  DES  COUCHES 
D OXYOE) 

J Bardoiie  In  AGARD  High  Temp  Corrosion  of  Aerospace 
Allovs  Mar  1973  p 79  95  refs  in  FRENCH.  ENGLISH 
summary  iFor  availability  see  N73  23597  14  17) 

The  influence  of  surface  preparation  un  the  state  of  crysiBiiua 
iioo  near  the  metal  surface  is  summanted,  and  »t  is  noted  that 
the  damaged  layer  introduced  by  mechanical  polishing  can  be 
removed  by  electropolishmg  Several  examoles  ai'  quoted  on 
the  effect  of  surface  preparation  on  the  growth  ol  thin  oxide 
films  Mmo'  irnpurifies  in  the  metal  or  at  the  oxidi/mg  surface 
may  have  a marked  effect  on  the  oxidahon  rate,  and  m particular 
on  the  scale,  metal  arJhasion  impurities  may  also  change  the 
ductility  of  the  Oxide  T.ie  mechar»i  ns  of  the  early  stages  of  an 
oxidation  reaction  a>e  bnefiy  summanied  and  ways  m which 
the  progress  of  these  may  ilfect  the  later  oxidation  are 
d:CC'J?5?d  Author 


N73  23604  Central  Inst  for  industrial  Research  Oslo  (Norway) 

TRANSPORT  PROCESSES  IN  SCALES  IN  HIGH  TEMPERA 
TURE  CORROSION 
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P Kofat»d  In  AGARO  High  T«mp  Cofro»ion  of  AeroH>®ce 
Ai;ovs  Maf  1973  p 97  M6  fols  (For  availability 
N73-2359?  14  17) 

Scales  are  characiemed  as  M ) porous.  (2)  dense  ar^d  compaci 
or  (31  continuous,  but  containing  appreciable  porosity  or  wcids 
Porous  scales  are  nu.  normally  assoc»aiod  with  pcotective  omdation 
behavior,  and  are  not  discussed  danse  and  compact  scales  are 
very  uncommon  m practice  but  can  usefuMy  be  discussed  as  a 
limiting  ideal  case  The  kinetics  of  the  growth  of  a scale  »n 
which  the  rate  limiting  process  ts  the  transport  of  eactants  and 
electrons  through  the  scale  is  very  briefly  summarized  The 
transport  properties  of  a number  of  o*ides  are  reviewed  to 
determine  which  is  the  nost  desirable  scale  to  be  formed  on 
an  omdalion  rusistant  alloy  Although  it  is  clear  that  the  formation 
of  a Cr203  layer  will  result  m a reducton  m the  oxidation  rate 
of  Ml  and  Co.  there  is  no  doubt  that  »he  most  protective  scale 
layer  would  be  AI203.  and  tf^s  is  consistent  with  observation 
There  are  many  possible  effects  of  impurities  on  diffusion  rales 
.n  oxide;>.  and  the  example  of  lower  valent  cations  dissolving  m 
an  oxygen  deficient  M 02  oxide  is  briefly  discussed  The  mfluence 
of  porosily  on  the  Qiowlh  of  a substantially  compact  scale  is 
discussed,  and  it  was  concluded  that  on  balance  it  'S  undesir 
able,  often  enhancing  the  oxidation  rate  and  weakening  the  scale 
Selective  and  internal  oxidation  are  dearly  of  great  importance, 
and  the  latter  is  associated  with  the  solutior.  of  oxygen  m the 
metal  The  effects  of  the  mechanism  of  oxygen  diffusion  of 
pretreatmeni  and  microitruclure  of  alloys,  and  of  alloy  composi- 
tion are  discussed  Some  aspects  oi  reactions  involving  sulphur 
are  also  revie^’ved  Author 

N73-23606  Cranfield  Inst  of  Technology  (England) 

WHAT  IS  THS  ROL£  OF  STRESS  IN  OXIDATION.  INCLUD 
ING  f'OTH  eXTERNALtV  APPLItO  AND  GROWTH  STR6S 
8E87  WHAT  ARE  THE  MOOES  OF  STRESS  RELAXATION7 
HOW  DOES  thermal  CYCLiNQ  AFFECT  THE  STRESSES 
AND  STRESS  RELAXATION? 

P Mxnrrwli  In  AGARO  High  Temp  Corrosion  of  AerOSPdce 
Alloys  Ma<  1973  p 117  128  refs  (For  availabilt'y  see 
N73  23697  I4  l7l 

The  isothermal  stresses  generated  during  oxidaiton  can  be 
aiiributed  lo  four  mam  causes  ( '•  i the  volume  rat>o  between 
t^e  metal  and  the  Oxide  formed  (2:  the  eniiaxiai  relationship 
between  the  oxide  and  (he  metal  (3)  composition  changes  in 
either  the  metal  or  the  oxide  and  141  the  influence  of  vacancies 
generat?d  during  oxidation  in  any  single  oxida:>on  process  ail 
of  thfs>;  factors  may  contribute  but  the  influence  of  component 
ceomeiry  on  these  p<ocesses  is  often  critical  ana  invariably 
neglected  Mechanisms  cf  stress  relief  include  cracking  of  (he 
oxide  film,  plastic  deformation  of  the  scale  and  in  some 
circumstances  deformation  of  the  underlying  metal  The 
mechanisms  of  plashc  deformation  of  the  scales  are  reviewed 
and  the  effects  of  thermal  stresses  considered  Author 


N73-2360S  Yale  Univ  . New  Haven,  Conn  Oept  of  Engineering 
end  Applieo  Science 

ENVIRONMENTAL  EFFECTS  ON  GAS  METAL  REACTIONS 
AT  ELEVATED  TEMPERATURES 

0 E Rosner  fn  AGARO  High  Temp  Corrosron  qI  Aerospace 
Alloy!  Mar  1973  p 129  144  refs  (For  availah'lity  see 
N73  23597  U \ 7) 

To  aniicpaie  the  el'ecis  of  unusually  severe  operaimg 
coodiiior^s.  or  to  design  readily  mierpreiable  oxidatron  kinetic 
expenmenu  consideration  is  given  lo  the  conditions  of  convectior., 
ditiuiion,  and  chemicei  change  m the  immediate  v cmity  of  the 
gas/solid  interface  Recently  exploited  methods  are  outlined  for 
accomplishir\g  this  by  combining  simple  conservaLon  principles 
with  computational  techniques  and  exponrnenial  data  developed 
by  chemical,  mechanical,  and  aeronautical  engineers  for  dealing 
with  sir^ilar  physical  siUanons  lmpor»ani  elfecis  on  gas^  solid 
oxidation  rates  associaied  with  ga»  flow  rate  enthalpy  pressure 
level  and/or  chemical  composition  (especially  dissocrairor'i  are 
dricusted.  bC’*h  (?cm  ♦►'c  po  ^'ts  oi  vew  pi  'ei'abie  ^ate 

predictions  based  on  available  chemical  and  physical  data,  and 
designing  kinetic  experiments  from  which  fundamental  information 
can  be  extracted  Author 


N73-23607  Ohio  State  Univ  Columbus 

VAPORIZATION  LOiSES  FROM  Cr203  PROTECTIVE 
SCALES 

R A Rapp  In  AGARD  High  Temp  Corrosion  of  Aerospace 
Alloys  Mar  1973  p 147-154  refs  (For  availability  see 
N73  2359/  14  17) 

Vaporijaiion  thermodynamics  and  kinetics  are  reviewed  The 
vaporization  o(  Cr203  scales  occurs  with  the  formation  of  Cr03 
and  Ci'(0H)2  vapor  species  The  maximum  possible  rate  of 
vaporization  IS  given  by  the  Hanz-Langmuir  equation,  but  m the 
practical  case  (he  rate  is  limited  by  mass  transport  through  a 
stagnant  boundary  layer  the  thickness  of  which  depends  on  the 
local  gas  velocity  In  turbulent  near  sonic  flow  the  vaporization 
rate  may  therefore  approach  the  theoretical  maximum  It  ts 
Suggested  that  the  only  possibility  for  th^  use  of  protective  Cr203 
scales  in  reactive  high-ve'omty  atmospheres  is  to  separate  the 
Cr203  scale  from  the  environment  by  a compact  and  stable 
sunace  oxide  which  is  low  m the  activity  of  Cr203  However, 
external  spmel  Scales  are  generally  spalled  through  thermal 
Shock  There  is  considerable  evidence  to  suggest  that  the  formation 
of  a protective  aipha-Ai203  scale  eiiectiveiy  inhibits  the 
evaporative  loss  of  chromium  'rom  an  alloy  Author 

N73-23S0S  Pratt  and  Whitnoy  Aircraft  East  Hanford.  Conn 

ON  THE  EFFECTS  OF  OXIDE  OtSPERSfONS  AND  RARE 
EARTH  T\PE  ELEMENTS  ON  THE  OXIDATION  OF  Cr  AND 
Al  CONTAINING  ALLOYS 

F S Pettit  In  AGARO  High  Temp  <!^rrosion  of  Aerospace 
Alloys  Mar  1973  p 155-172  'efs  (For  availability  see 
N73  23597  14  17) 

The  effects  of  oxide  dispersions  and  rare  earth  type  elements 
on  the  oxidation  of  alloys  upon  which  Cr203  or  A1203  scales 
are  formed  is  discussed  It  is  shown  that  oxide  dispersions  and 
rare-eanh  type  elements  can  both  apparently  aHect  the  adherence, 
growth  rate,  and  growth  mechanisr.i  of  Cr203  as  welt  as  the 
selective  oxiCJtion  of  chromium  in  alloys  In  the  case  of  alloys 
upon  which  A>203  scales  are  formed  however,  oxide  dispersions 
end  i«io  eeiih  eiemer.ti  jppcjr  to  affect  on'y  edherenr*  of 
the  scale  The  differences  between  effects  produced  oy  oxide 
dispersions  artd  rare  earth  type  elements  is  examined  Author 

N73-23609  Uverpool  Ui<iv  (England) 

THE  application  Oi  MULTiCOMPONE NT  DIFFUSION 

theory  to  the  oxidation  and  corrosion  of 

COMPLEX  SUPERALIOYS 

0 P WhiTile  In  AGARD  High  Temp  Corrosion  of  Aeiospace 
Alloys  Mar  1973  p 173-200  refs  (For  availability  see 
N73  23597  14  1 7) 

The  relevant  phenomenological  equations  (or  muUicompononi 
diffusion  and  meiho^ls  cf  obtaining  their  solution  are  briefly 
presented  Possible  forms  which  the  calculated  diffusion  paths 
m#y  adopt  are  indicated  and  the  relevance  of  these  to  the  oxida’ion 
and  Sulfation  of  alloys  is  discussed  The  multicomponent  diffusion 
equation  was  solved  for  iranspon  m the  alloy  when  one  of  the 
alloy  components  was  being  selectively  removed  by  oxidation  or 
sulfation  Two  cases  are  considered  where  the  oxidant  is  insoluble 
in  the  alloy  when  the  comrosiiion  of  the  alloy/ scale  interface  is 
nTiponar>t  in  determining  which  phase  is  stable  in  the  scale 
arid  when  the  oxidani  is  soluble  and  can  diffuse  into  the  alloy 
possibly  producing  internal  precipiration  of  sulphide  or  oxide 
The  relevant  conditions  for  internal  precipitat  on  are  also  presented 
in  both  cases,  the  imponance  of  diffus;onal  interaction  is 

Aotfer 

N73  23610  Admiralty  Materials  Lab  . Foole  (England! 

WHAT  ARE  THE  SEPARATE  AND  INTERACTING  ROLES 
OF  SULPHUR.  SODIUM  AND  CHLORIDE  IN  HOT  COR 
ROSION? 

J F G Coride  In  AGaRO  High  Temp  Corrosicr-  Of  Aerospace 
AKo/s  Mar  1973  p 203-220  »eis  (For  availability  see 
N73  23597  14  1 7i 

The  origins  of  the  sulfur,  sodium  artd  chloride  contaminants 
are  discussed  and  the  conditions  existing  in  the  gas  turbine  are 
• xemmed  Tlie  chemistry  of  contaminants  in  the  combuslior> 
environment  is  introduced  and  evidence  is  cued  to  show  that  m 
the  short  residence  times  available,  gas  phase  sulfation  of  chloride 
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<»  rtot  significart  machinism  of  sah  dapoaitton  m tha  gat 
turt>ira  on  ooiitet  and  blades  it  contidefed  briefly  and  tba  role 
of  tha  obviout  contaminants  sulfur,  sodium,  and  chloride  it 
eiaminad  in  raiation  to  sulhdatton  and  accetarated  oxidation  A 
modal  It  suggested  in  which  periodically  extremely  local 
r>on-aquilibrtunn  conditions  arise  on  the  surface  of  no2.tlet  and 
turbine  blades  due  to  impaction  o*  taa  tait  particles  <t  is 
suggested  that  such  conditions  may  permit  chloride  to  destroy 
the  integrity  of  protective  scale  layers  under  low  oxygen  pressure 
conditions  existing  benaatn  liquid  sulfate  deposits  Author 

N73'2361t  Centra  National  de  Recherches  MataMurgiques.  bega 
(Belgium) 

WHAT  ARE  THE  EFFECTS  OF  ALLOYING  ELEMENTS 
SINGLY  OR  IN  COMBINATION  ON  HOT  CORROSION? 

A Oavin  and  0 CoutsouradiS  /n  AGARO  high  Tamp  Corrosion 
of  Aerospace  Alloys  Mar  1973  p 221-233  rafs  (For  availability 
see  N73-23597  14  17) 

As  Single  additions  only  chromium  or  aluminium  are  reported 
to  improve  the  oxidation  resistance  of  mck<9<  and  cobalt 
appreciably,  due  to  their  forming  protective  scales  of  Cr203 
and  AI203  respectively  at  sufficiently  high  corK  .mtratu>ns  When 
the  two  elements  are  ackled  together,  the  presence  of  the 
chtomium  causos  a stable  layer  of  AI203  to  develop  at  lower 
aluminum  concentrations  than  in  the  bmary  systems,  due  to  the 
gatteriog  effect  of  the  chromium  m the  metal  which  impedes 
the  inward  diffusion  of  oxygen  and  prevents  internal  oxidatun 
o(  the  aluminum  Author 


N73-23612  Naval  Ship  Research  arvj  Oevalopmem  Canter. 
Anr.apcIsS,  Md 

ARE  C06ALT  BASE  ALLOYS  INTRINSICALLY  MORE 
RESISTANT  TO  HOT  CORROSION  THAN  ALLOYS  BASED 
ON  NICKEL? 

W L Wheatfall  In  AQARO  High  Temp  Corrosion  ol  Aerospace 
Alloys  Mar  1973  p 23S-2S4  refs  (For  availability  see 
N73-23597  14-17) 

A literature  search  was  made  m an  effort  to  determ;oe 
cobalt-base  alloys  are  intnnsic^Hv  better  than  alloys  based  on 
nickel  relative  to  hot  corrosion  resistance  Results  of  the  search 
did  not  confirm  whether  cobalt  alloys  were  inherently  more 
resistant  than  mckcl  alloys  Failure  to  reso've  this  controversy 
was  due  mamly  to  two  factors  (1)  losufficent  hot  corrosion 
data  comparing  pure  mckel  and  cobalt  and  {2*  contradictions 
with  regard  to  the  roles  of  sulfur  and  (he  l-quid  sulfide  phase  m 
the  hoi  corrosion  process  A discussion  and  comparison  of  results 
of  a number  of  mvestigatioris  are  provided  along  with  the  listing 
of  several  questions  wmh.m  mar  serve  as  the  tzz'.t  fc* 
research  oflorts  to  finally  resolve  whether  or  not  cobeli  base 
alloys  are  inirinsically  more  hol  corrosion  resisiani  than  alloys 
based  on  mckel  Author 


N73  23613  International  Nxxel  Co  . Ltd  . Birmingham  (England) 
CAN  FUEL  ASH  CORROSION  BY  VANADIUM  BE  COM 
BATTED  BY  ALLOYING  OR  COATING  WITHOUT  THE  USE 
OF  FUEL  ADDITIVES? 

K J Williams  and  P J Perry  In  AGARD  High  Temp  Corrosion 
of  Aerospace  Alloys  Mar  1973  p 255-266  refs '.For  availability 
sea  N73  23597  14  1 7j 

Materials  for  nozzle  guide  vane*i  and  turbine  blades  sub)eci 
to  attack  by  the  products  of  combustion  of  vanadium  containing 
fuels  a<6  ir'vestigated  Previous  eperatmg  experience  ol  irdustriat 
gas  turbines  burning  residual  fuel  is  referred  lo.  and  current 
ASTM  fuel  specifications  are  considered  Relevant  developments 
with  allo/s  and  ccatihg;  »'?  reviewed  Rwrumiv  announced  alloys 
containing  35%  SO%  chromium  offer  promising  corrosion 
resistance  and  an  indication  of  the  strength  attainabie  m the 
60%  Cr  base  is  given  High  chromium  coalings  applied  by 
pack  chfomising  have  performed  well  m recent  burner ng  tests 
There  IS  a need  tor  more  comprehensive  testing  of  these  new 
matcriaia  under  realistic  conditioris.  ar^d  over  a range  of 
vanadium  contertts  Author 


N73-23614  Nancy  Ur>'v  (France) 

WHAT  ARE  the  PROSPECTS  FOR  THE  SUCCESSFUL 
APPLICATION  OF  COATED  REFRACTORY  METALS  IN 
UNCOOLEO  TURBINES?  (QUEL  E8T  LAVENIR  DES 
ALLIAGES  REFRACTAIRES  PROTEGES  DANS  LA  CON 
STRUCTION  DES  TURftOMACHINES?) 

6 Roques  In  AG  \RD  High  Temp  Corrosicn  of  Aerospace 
Alloys  Mar  1973  p 269-282  refs  In  FRENCH.  ENGLISH 
aumr-iary  (For  availability  see  N73-23597  14- 17) 

Venous  protective  coatings  are  investigated  to  determine  the 
moat  effective  application  for  refractory  metal  alloys  used  n the 
structural  makeup  o'  turome  engines  The  results  indicated  the' 
coatings  based  on  Si02  ar%d  AI203  constitute  foundations  from 
which  improved  protective  oxides  may  be  developed  J M M 

N73  2361S  Liverpool  Univ  (England) 

ARE  THERE  NEW  APPROACHES  TO  ALLOYING  WHICH 
MAY  PRODUCE  OXIDATION  RESISTANT  REFRACTORY 

metal  alloys? 

J Stringer  In  AGARO  High  Tamp  Corrosion  of  Ae:o>pace 
Alloys  Mar  1973  p 283  294  refs  (For  availabil'iy  see 
N73  23597  14-17) 

The  oxidation  mechanisms  of  Nb.  Ta.  Mo  and  W f.re  briefly 
reviewed  Nb  and  Ta  forrn  non  protective  porous  scries  o(  the 
pentoxides.  and  at  the  same  lime  oxygen  dissolves  n the  metal 
producing  severe  embnttlement  It  was  found  that  at  elevated 
te  nperaiures.  both  Mo  and  W form  volatile  oxidef,  and  reduction 
m the  Oxidation  rate  requires  the  stabiiizanon  o*  a foreign  oxide 
or  the  development  of  a proisciive  noble  mel^l-nch  layer  at  the 
Surface  Some  molybdates  and  tungstates  appear  10  have 
promising  prcperiies.  and  chromium  rich  alloys  forming  Cr203 
layers  also  represent  Significant  improvements  Unfortunately,  all 
alloys  so  far  developed  which  have  significantly  improved  oxidatioh 
resiSter^rA  ere  eWo  very  bridle  Author 

N73-23616  Aerospace  Research  Labs,  Wnght  Peiierson  AFB. 
Ohio 

PROSPECTS  FOR  OXIDATION  RESISTANT  REFRACTORY 
COMPOUNDS 

Norman  M Tailan  In  AGARO  High  Temp  Corrosion  of  Aerospace 
Alloys  Mar  1973  p 295-309  refs  (For  availability  see 
N73  23597  14  l7) 

Recent  results  of  stanc  and  dynamic  oxidation  studies  of 
materials  which  combine  ootimurn  resistance  to  corrosion  thermal 
shock  fracture,  fatigue  etc  are  presented  Particular  aitenuon 
is  directed  to  the  poienuai  ol  such  materials  as  2r52  HfB2 
SiC  S'3N4  and  their  combinations  m a range  of  technologically 
important  appl>catioris  including  gas  turbines,  hypersonic  and 
re-entry  vehicles  Relation  of  the  details  of  the  oxidation  processes 
their  dependence  on  fabncot-on  variables  and  their  eHect  on 
material  performance  are  emphasized  The  use  of  these 

and  related  high  temperature  malendis  as  coatings  for  refractory 
melais  and  alloys  is  discussed  Author 

N73-23617  Bdttelie  Columbus  Labs  Ohio 
CONCLUDING  DISCUSSION 

R I Jaffee  and  T F Kearns  'Naval  Air  Systems  Coir.mand)  tn 
AGARO  High  Temp  Corrosion  ol  Aerospace  Alloys  Mar 
1973  p 313  314  fFor  availability  see  N?3  23597  14-I7t 

Reaction  kinetics  relative  to  corros«on  and  oxidation  resistance 
•n  refractory  metal  alloys  are  discussed  Emphasis  is  placed  on 
the  application  of  these  alloys  m the  elevated  temperaTiire 
environments  o'  gas  turbine  engines  The  arnas  dealt  with  include 
scale  lattice  defects  evaporation,  diffusion  hot  corrosion 
reaction  protective  coatings  scale  behavior  m thermal  shock 
applied  stresses  «n  oxidanon  effects  of  composition  ver.«bl»s 
on  scale  plasticity,  and  testing  procedures  J M M 


N73-23618  Baitelle  Columbus  Labs  unio 
ANNEX  B NATO  NATIONAL  REPOTiTS  ON  HIGH 
TEMPERATURE  CORROSION  OF  AEROSPACE  ALLOYS  A 
TOPICAL  LISTING  OF  THE  RESEARCH  PROGRAMS 

Ian  G Wnght  In  AGARD  High  Temp  Corrosion  of  Aerospace 
Alloys  Mar  1973  p 321  350  (For  aveilabiiity  see  N73  23597 
14  17) 
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The  cleta  presented  in  this  corn;iilation  represent  much  of 
the  currer^l  research  end  development  wo'k  in  NATO  countries 
on  high  temperature  corrosion  ci  eerospece  alloys  Author 

N74-23108e  Advisory  Gioup  lor  Aeiospace  Research  and 
Oevelopment.  Pans  '.France) 

METALLURGICAL  ASPECTS  OF  FATIGUE  AND  FRACTURE 

■.AGARO  R 6'0‘  Ava-I  NTlS  HC  $7  75 

The  prt  veedinqs  of  a conference  to  mvesiiaaie  the  Tal*pue  anci 
^f.‘»ciurK  o*>havior  of  aerOi^jace  structural  aHoys  are  piesenie/ 
The  effect  of  heat  irpatmi*rn  to  prevent  stress  corrosion  -..as 
analysed  to  determirie  possible  changes  m ihe  mech-.mca* 
properties  of  the  matenals  The  sut»iecis  discussed  mcijde  me 
following  (1l  metallurgical  aspects  of  fatigue  an^  fracture 
toughness  <2'  developments  m fatigue  and  fiiciure  *31 
iherrromechanical  procedures  to  improve  the  pror*mies  of  high 
strength  aluminum  magnesium  ?mc  copper  all'.-va.  and  i4l  *de 
mfluence  of  miciosiructure  on  the  growth  of  ^'itlgue  cracks  For 
individual  titles  see  N74  23109  through  N'’*l-23tl2 

N74-23109  Royal  Airriaft  Csiahlistimynt  farnborough  ,Englandi 
Mate-iais  Dept 

THE  METAl  LURGICAL  ASPECTS  OF  FATIGUE  AND 
FRACTURE  TOUGHNESS 

P J 6 Forsyth  in  AGARO  Met  Aspects  of  ^atigue  and 
Fracture  Toughness  Dec  1973  p l 22  refs  iFof  avaiijbii  iy 
•.ce  N74  23108  M 1 7- 

An  analysis  of  the  cause  of  fatigue  cracks  m mat*  /.als  af*»»' 
a penod  of  repeated  stressing  is  presented  The  effects  o'  crystal 
'^ifuctu-e  and  slip  plane  cracks  are  discussed  The  app-'cafion  o* 
thermomechanirai  treatmc.it  for  improved  mechanicsi  properties 
IS  desciibed  The  effects  of  anisotropy  of  micro  ar^d  macro  structure 
are  reported  with  respect  to  total  fatigue  life  and  crack  propagation 
rates  The  fracture  toughness  of  mater. als  .s  analysed  to  jhow 
me  efieuis  uf  uiyatei  it-uciv'e  a-'d  metd!  vvcrVir.g  Mathemat-ca' 
models  Ore  developed  to  express  fracture  toughness  and  plastic 
deforii-6t'0'  Author 

N74  23110  Connecticul  Univ  Storrs 

SOME  RCCENT  DEVELOPMENTS  IN  FATIGUE  AND 
FRACTURE 

A R Rosenfelrl  and  A J McEviiy  ‘Satteite  Columbus  Labs  » 
AGARO  Met  Asoects  of  Fatigue  and  Fracture  Tough, less  Dec 
*9?3  p 23  b4  refs  'For  availability  see  N74-23108  14  l7t 
The  micfosiructural  origins  0*  the  fracture  resistance  of  high 
strength  steels  are  analysed  Curves  are  presented  10  show 
srhcmalic  :racw  growth  versus  stress  miensily  The  mecharusnis 
rnnM(i#*red  are  fatigue  cracking  and  stress  corrosion  cracking 
both  'ifienomeng  exhibit  three  stages  oi  crack  growth  as  fullows 
111  a if'  eshold  tjelow  which  crack  growth  is  not  detected  (2»  a 
siparty  stale  reonin  constant  velocity  for  environmental  attcck 
ar'd  power  law  behavio:  for  fatigue  and  '3I  ar»  instability 
ch.Tiarteri^ed  by  the  fracture  toughness  for  piane  stram  thick 
seciio*'  b«!f-.avior  A-  thor 


T'  ITMT  and  final  FTV  Ti  thermomectianical  treatments  of  T AHA 
type,  which  as  is  kr'  wn.  cause  a super-i.ardening  effect  with 
an  accr^ptati'B  loss  ductility  may  lead  to  decidedly  new  p.'oducts 
w«fh  properties  tha.  are  rnuch  Superior  to  '.dose  of  commercial 
traditional  prodwiCis  Author 

N74-23112  P'.'i-Trans  Corp  . El  Segundo  Cahf 

INFLUENCE  (JF  MiCROSTRUCTURE  ON  TU-  GROWTH  OF 
fatigue  CUACKS 

G Scrioui  jnd  C Bathias  AGARD  Met  Aspects  of  Fatigue 
and  Fraciu  e Toughness  Dec  1973  p 77  90  refs  (Tor  availability 
see  N74  23108  14  17) 

The  application  of  the  failure  mechanism  concepts  to  the 
development  of  fatigue  induced  cracks  is  discussed  The  influence 
of  rr:cro5Uucture  on  the  propagation  of  fatigue  induced  cracks 
•s  jnaiy^ed  The  metaliurgic  parameters  which  play  a paa  at 
the  very  level  of  crack  propagation  mechanisms  are  examined 
d IS  stated  that  the  most  important  parameter  which  governs 
the  development  of  fatigue  induced  cracks  is  the  nature  of  the 
plastic  deformations  wh'ch  o'Cur  at  the  cracn.  tip  Such 
rleformations  are  essentially  related  to  the  shp  character  and  to 
the  stacking  fault  energy  The  influence  of  structure  on  fatigu#- 
induced  crack  developn-.eni  is  reviewed  w.th  emphasis  on  ' ie 
foimat'on  of  striations  and  on  the  environment  • str- _ture 
intera-'iion  on  crack  growth  Author 


N74  23111  istitulo  Sper  meniale  del  Metalli  Leggen.  Novara 
iltaly) 

IMPROVEMENT  OF  THE  PROPERTIES  OF  HIGH  STRENGTH 
AiZn.MgCi  ALLOYS  BY  THE  RMOMG  CH  ANICAL 
PROCEDUFES 

E OiRusso  if'd  S Siqnc  reiii  lArron  Militare  Italiana*  /n  AGARD 
Met  Aspo."is  of  Fatigue  Fraciuie  Toughness  De*'.  1973 

P 5S  76  ' Is  ■ Fo^  iivaiiabihr,  see  N / 4 2 3 1 08  14  1 7 » 

A ih«-m-ome{.han.ral  processing  technique  for  producing  plates 
and  forging,  of  7000  senes  aMoys  i7075  7049  7475  7050 

etc  I showi.u)  a less  transverse  effect  t'’an  s.i»nlar  convenrionaliy 
pro*  essed  materials  was  cleveloped  This  p.«>rerlu;e  called 
Inte. fTie-'jiaie  1 .ncrmorTiechanicai  Tfoatments  oTMT-  -s  based  on 
a co-iit)ina‘ion  of  warm  delof nations  and  tieat  ueatnients  wt-.'Ch 
mvo've  thf  rerdy stalli/ation  of  the  ifigot  iri  sniall  ecjuiaxod  grams 
in  an  inte'fT’-ediate  tot  fmab  stage  of  me  wu'suiy  As  a 'esuli  w' 
the  piocessinq  the  alloys  exhif)ii  heller  ductility  lougl  -ess  and 
stress  corrosion  pfQpeibes  for  a given  st  engn  *han  corrven|n.a 
al>v  tirf)r;ps  .e.)  materials  manrlv  i.”.  me  ■.  ho  t transverse  d»'ecfien 
Moioovei  i!  has  beer-  frjund  1' •^l  the  or>terr>pora'y  apfil’cat'on 
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toci>jde»  corrosion  mechanical  rropartias  r' 

mitarials  U g r.astics).  and  alastomers.  hvJrauiic  flu.ds 
4ic  For  hasK  research  see  06  Chemist. y for  'elated 
nformaticp  see  also  17  Materials.  Me*ail<c  2*^  Propel 
U'nis.  arj  32  Structural  Mechanics 


N71*20027a  Advisory  GfOuo  0-'  Afioscare  Research  and 
Ocv'.iopmeni  Pans  iFrance.' 

KANOBOOK  OF  BRITTLE  MATERIAL  DESIGN 
TECHNOLOGY 

W H Oukes  Feb  1971  161  p r*  is 

lAGARO  AG  1 52  7 1 AGAROrCRAPH  152)  Avail  NTiS 

S‘ruc!--fal  data  on  h - nc  nonmetaHic  lefractory  materials 
sucn  as  omcies  carbides  rjrides.  and  graphite  are  provided  lor  use 
«M  designing  teer'.i’,  vp.ncles  and  propulsion  systems  The  term 
b'lMie  maiei'a's  iS  u$p  j to  describe  materials  which  show  no  plastic 
(lelo'mat'.on  jncier  stress  but  deform  etasiicaliy  until  failure  The 
principles  jnd  *,rac*ices  for  achieving  reliability  wrih  structures 
constructed  ‘uih  brittle  materials  are  described  m detail  Design 
>i'e'>es  s.ress  analysis  mecha.^icai  properties  and  des'gri  criteria 
.*•€  disr  jssed  F O S 


h7l-27038»  Advisory  Group  for  Aerospace  Research  and 
Development.  Paris  iFrancei 

THE  CHARACTERIZATION  AND  APPLICATION  OF 
MATERIALS 

Mity  *971  151  p refs 
<AGaRO>IS-61-7U  Avail  Nllb 

COYTFNTS 

1 A syrtlms  approach  to  the  selection  ANO 

APf  LlCATlON  OF  materials  R Maddm  (Pa  Univ  , Philadelphia! 
20  p refs  tSee  N71-27039  15-18! 

2 CHARACTERIZATION  SELECTION  ANO  USE  OF 

HlCiH  strength  steels  VV  S Owen  t Northwestern  Univ  » 
19  p refs  iSee  N?  1-2  7040  15-17) 

3 nature  status  ANO  SELECTION  OF  CERAMIC 
MATERIALS  J A Pask  tCdhf  Univ  Berkeley  Lawrence  Radia'ion 
Ub)  66  p iSeeN7  1 27041  15  18) 

4 CHARACTERIZATION.  SELECTION  ANO  USE  OF 

POLYMERIC  MATERIALS  C Wippier  'Ecoie  d Apphcatton  des 
Mauls  Poiymeres.  Strasbourg  France)  14  p iSee  N71  27042 

1 5 1 3 • 

5 FIBRE  REINFORCED  MATERIALS  A Kelly  Nan 
Physi'.al  Lab.  Teddmgion,  Engi.and'  12  p vSee  N7  1 27043 
15  18) 

6 NEW  BASIS  OF  CLASSIFICATION  ANO  SELECTION 
OF  aluminum  ALLOYS  J Tigeot  iForqeal.  IssOire  France- 
28  p refs  iSee  N71  27044  15  lb- 

7 CHARACTERIZATION  SELECTION  AND  USE  OF 

TITANIUM  BASE  ALLOYS  R Syre  'SOCtcTE  TREFiMETAUX 
ARGENTEUIL.  FRANCE  - 46  p refs  -See  N7  1 2 7045  15  17) 


N71  27039O  P ei-nsyl-.  dm  a L-'rn^  Ph  il  adclpfi -a  Scho:>l  of 

Metallurgy  d Mdienais 

A SYSTEMS  APPROACH  TO  THE  SELECTION  AN-1 
APPLICATION  OF  MATERIALS 

Rcbert  Madd-n  . ■•  AGARD  Tf-«:  Chji„'*ieri;ation  and  AppI  of 
Mater  May  1971  20  p re's  -Sec  N7  1 2 /038  15  IS- 
Avail  NTiS 

Ar.alyses  '-naertaken  t>/  a mjioria'is  eri()ini  ».  . i a /riaiena's 
SyVte.'ii  concept  r.crib.i$i  uf  ma'Vi-t  applications  a,.*r*  of  .'equp.'cd 


parts  environmeniai  effects  on  e*posed  pan  material  properties  m 
relation.  lo  environme-'t  and  selection  of  rT^ale•  . s and  feas-bie 
manufacturing  processe.  Characieriiaiion  of  a material  includes 
precise  descriptions  of  -ts  chemical  composnio.i  impurn.es.  anp 
factors  associated  with  gran,  and  substructures  G G 

N71*27040f  Northwestern  Umy  . Gvenston.  Ill  Technological 
Ir^st 

CHARACTERIZATIUN,  SELECTION.  ANO  USE  CF  HIGH 
STRENGTH  STEELS 

W S Owe^^  In  AGAHO  The  Charecteri/ation  and  Appl  of  Mater 
May  '971  19  p re's  (See  N?  1-27038  15-18) 

Avail  NTIS 

The  principles  and  ideas  on  which  modern  ultra-high  strength 
steels  have  beeri  developed  are  outlined  and  a lew  concepts  of 
basic  importance  are  illustrated  by  a descnptior.  of  spec-f-c  alloys 
and  thermal  arid  mechanical  treatments  which  are  applied  to  them 
Considered  exclusively  are  those  alloys  intended  to  possess  a very 
high  strer^gth.  as  defined  by  the  yield  stress  or  the  flow  stress,  at 
a small  offset  (less  than  0 2%  strain)  combined  with  acceptable 
ductility  It  IS  assurned  that  components  made  from  these  steels 
are  Subjected  to  static  load-ng  a slow  applied  strain  rate  or  very 
low  frequer^cy  cyclic  loading  at  tempe'otures  withm  100  degrees 
of  room  temperature  Of  primafy  importance  'S  the  resistance  of 
these  alloys  to  stress  corrosior^  arid  related  effects  Most  of  the 
features  of  the  structure  of  importance  -n  this  context  are  those 
which  can  be  studied  by  opt-cai  microscopy  Author 

N71-27041B  ‘.-liforrna  Unr.  Bf-eiey  Lawrence  Radiation 
Ldb  l.iorgaruv  .Mdtyr.ai^  Rc‘'.r>0: Cfi  Di. 

NATURE.  STATUS.  AND  SELECTION  OF  CERAMIC 
MATERIALS 

Josepti  A Pask  .'.I  AGARD  T)'.e  Cha'actenration  ar-.d  Appl  of 
M-tc.'  Mr,-  ’9"»'  56  p 5or.r..,orpi  t,v  AEC  iSee  n71?7038 

15  I8i 
Avail  NT|$ 

Cc'dm.c  ir.aic.'iais  are  iJc.-.-ilied  as  havir.q  onic  covalent  bonding 
being  coir.posco  of  compounds  and  belf^9  c-tnei  ciystaiiir.e  or 
glassy  T-.c  o*idcs  O'e  of  fdUicuidr  uMuiest  because  of  the-r 
chemical  stability  up  to  .-igh  tan-ipeiatures  Bniiie  behavio'  makes 
them  sens'*. ve  to  flaws  either  intrinsic  or  extnnsic.  thus  re 
q-jiring  a miform  distribution  of  uniform  flaws  to  achieve 
re:. ability  int'insic  flaws  can  be  correlated  with  character 
features  Exinnsic  flaws  «n  themselves  are  character  features 
Both  of  these  features  can  be  correlated  with  mechanical 
properties  and  behavior  A number  of  applications  of  ceramic 
materials  based  on  then  unique  proyeit-es  of  cherr.ica'  resistance, 
high  strength , density  ra^lor^s  high  modulus  of  elasticity  ilensily 
ratios,  hardness  optical  transparency  and  electncai  resista.nce  are 
'evisec  Author 

N71-27042*  Ecoie  d Application  des  Hauls  Polymeres  Strasbourg 
iFrance* 

CHARACTERIZATION.  SELECTION.  AND  USE  OF 
POLYMERIC  materials  iPROPRiETES.  SELECTION  ET 
APPLICATIONS  DEG  POLYMERESl 

C Wippler  In  AGARD  The  CnaracterizatiOn  and  Appl  of 
Mate  May  197  1 14  p in  FRENCH  ENGLISH  surr-mafy  iSee 

N7l  27038  15  18. 

Avail  NTiS 

Polymeric  subyiances  are  classified  as  either  'neimosetting 
Of  ihe'rnoplastic  resms  The  first  calcqo'y  mLludes  pr.enolic  resif  s 
urea  and  metamir\  forrr.aidehyde  fesif.s  epony  res  '.s  unsatufated 
PDiyasters  and  eiastorr.e/s  These  are  poiyr  er-c  suystancfs  me 
syntheSiS  of  v.nich  is  achieved  during  the  procossi'-.g  oy  tr.o  cjf'nu 
phase  The  second  caii-yo'y  includes  polyvinyl  resms  Dt>iv:h,icr. 

pClyv' pO'V^lV'*)^*  Tr»oi»  PC,(;r>n(.All',  r)ppf»n-;s  f)n 

terr.perdtf'e  and  time  scale  Ttieu  p'Operiies  are  'r.lii.e.iced  not  o-.nl-, 
by  men  chenuca)  nato'e  but  aKo  by  then  mo'ecular  ■.veigrt!  arc 
no'ecula*  structure  The  seiecbor.  of  a poiy.i'enc  suLsta-ice  'or  a 
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given  application  depends  on  a number  of  pbysio  chemical 
characteristics  thermal  characteristics  mechanical  characteris- 
tics electric  or  optical  characreroncs.  and  on  its  cost  Author 

N71-27043|K  National  Physical  Lab  Teddington  (England! 

FIBRE  REINFORCED  MATERIALS 

A Kelley  In  AGARD  The  Characterization  and  Appl  of  Mater 
May  1971  12  p iSee  N71-27038  15-181 
Avail  NTIS 

A new  range  of  materials  which  are  made  of  strong  stiff 
fiber:  ernbedded  m a matrix  which  may  be  resm  metal  or  even 
glass  IS  considered  Some  of  the  properties  of  the  new  strong 
fibers  are  listed,  their  arraogernents  m a fiber-remforced  body  are 
strikingly  similar  to  that  found  m natural  materials  The  present 
state  of  knowledge  about  the  principles  of  fiber  remforcerneni  t$ 
reported  A clear  distinction  is  made  between  a bniUe  solid  which 
breaks  sharply  with  little  and  no  flow  and  a fragile  solio  which  breaks 
easily  Cracks  which  usually  lead  to  breaking  beha>;e  differently  m 
a fragile  solid  and  m a fib'ous  aggregate  though  both  are  brittle 

Author 

N71-27044(ii  Forgeal  Issoire  iFrance) 

NEW  BASIS  OF  CLASSIFICATION  AND  SELECTION  OF 
ALUMINUM  ALLOYS  (NOUVEAUX  CRITERES  OE 
CARACTERISATION  ET  OE  SELECTION  OES  ALLIAGES 
D ALUMtNUMl 

J Tigeot  rn  AGAftO  The  Characterization  and  Appl  of  Mater  May 
1971  28  p refs  In  FRENCH  and  ENGLISH  iSee  N71-27038 

15-181 
Avail  NTIS 

Aluminium  alloys  are  the  material  most  widely  used  m 
modern  airframe  construction  since  even  where  they  are  designed 
to  fly  at  around  Mach  2 5.  military  aircraft  do  not  hold  these 
speeds  long  enough  for  the  temperatu.e  mcrecse  due  to  airflow  to 
affect  the  performance  of  the  light  alloys  involved  The  aluminium 
alloys  most  frequently  used  are  aiurnimum.  copper  magrresium 
alloys,  or  aluminium  'zme  ■ magnesium  . copper  alloys  Reviewed  are 
attempts  to  improve  the  normal  mechanical  properties  of  ahoys. 
refine  assessment  of  the  susceptibility  of  an  alloy  to  bnttiy  fracture 
obtain  greater  understanding  of  corrosion  performance  and 
determine  fatigue  performance  Author 

N71-27045ii  Socete  TrefimeiauK  Aigenteu'i  Francei 
CHARACTERIZATION.  SELECTION  ANO  USE  OF  TITANIUM 
BASE  ALLOYS  | C A fl  A CTE  R I S ATI  O N . SELECTION  ET 
UTILISATION  OES  ALLIAGES  OE  TITANEI 
R Syre  AGARD  The  Characterizat-cn  and  Appi  of  Mate*  Ma> 
1971  46  o refs  m FRENCH  and  ENGLISH  N71-27038 

15  18) 

Avail  NTIS 

The  advantages  of  titanium  alloys  are  based  primarily  on 
iheif  mechanical  properly  density  ratio  developed  by  addition  of 
alloying  elements  and  heal  treatnients  Alloy  selection  for  the  two 
major  applications  lanframes  and  jet  engines*  based  on 
stfingeni  characterualion  cnleru  surh  as  fractuie  toughness  stress 
corrosion  resistance  and  fatigue  suengih  m addition  to  c-'eei> 
resisiance  low  cycle  fatigue  strer.gth  and  thermal  siabi'dv  fur  jet 
engine  design  Fasteners  hydraulic  tubmgs  and  castings  o'Ovide 
new  areas  of  application  for  titani-jm  Engmeen'^g  p-opeities  -.ary 
strongly  with  [he  alluy  niiciostruclure  Aulho' 

N72  12492«  Advisory  Grout)  for  Aerospdct*  Research  and 
Ceve!opmr*nl  Paris  iFrance* 

COMPOSITE  MATERIALS 

Sep  1971  226  p 'efs  Partly  m ENGLISH  partly  m FRENCH 

Cnnf  h»ld  ai  Pan*;  ? 1 4nr  1970 

(AGARD  CP  63  ■'1  AGAfiO  CONF  Proc  63*  A.ail  NTlS 
CON  .E  NTS 

1  PANE  I MEMBERS  APJD  MEM0ER5  UE  THE  VVORKING 
GROUP  ON  COMPOSITE  MATcRiALS  p n. 


2 FOREWORD  D IV 

3 SHORT  SURVEY  OF  THE  SYMPOSIUM  G C Leomand 

P V 

4 FABRICATION  0 EPROUVETTES  STRATlflEES  UNIDI 
RECTIONNELLES  C Genin  8 p 

5 DETERMINATION  OF  ELASTIC  CONSTANTS  OF  A 
UNIDIRECTIONALLY  REINFORCED  PLASTIC  G J Spies  and 
Th  de  Jong  1 5 p 

6 MECHANICAL  PROPERTIES  OF  EPOXY  SILICA 
COMPOSITE  materials  P DeMeester  P Oambre,  and 
A Oeruyitere  (Louvam  Univ  . Belgium)  11  p refs  (See 
N72  12493  03  18) 

7 THE  NPL  ULTRASONIC  TANK  ITS  USES  IN  POLYMER 
AND  FIBRE  COMPOSITE  TESTING  M F Markham  (Natl 
Physical  Lab  Teddingioo.  England)  8 p refs  (See  N72- 12494 
03  1 U 

8 MODULUS  OF  ELASTICITY  MEASUREMENTS  ON  RESiN 
FIBER  composites  H Guyoi  and  M Bediard  lOlfice  Natl 
0‘Etudes  et  de  Rech  Aerospatiales)  13  p refs  iSee 
N72  12495  03  18) 

9 LINEAR  ANO  NONLINEAR  CHARACTERISTICS  OF  A 
UNIDIRECTIONAL  EPOXY  SILICON  REINFORCED  COMPOSITE 
J Pabioi  (Centie  0 Elude  des  Maiieres  Plastiques.  Pans  France) 
15  p refs  ‘See  N72  1 2496  03  18) 

1C  ELASTIC  CONSTANTS  EVALUATION  OF  A REIN 
FORCED  PLASTIC  MATERIAL  A Bracco.  G Mannone  and 
M Saltm  (Fiat  SPA.  Turin.  Daly)  24  p refs  (See  N72-12497 
03  18) 

n Elastic  characterization  of  fiber  reinforced 
COMPOSITES  J M Siepeiz  (Army  f.iater  and  Mechanics  Res 
Center  Waieiiown  Mass'  10  p refs  -See  N72  12498 
03  18' 

12  MECHANICAL  behavior  OF  Si02  FP0.\  COMPOSITE 
F Daiwish  and  A S Teteiman  i(3alif  Univ  los  AngeleS)  7 p 
refs  -See  N72  12499  03  18* 

n n F TF  R M IN  A TiON  OF  MATRIX  A JD  FMAiytFNT 
STRESS  STRAIN  PROPERTIES  FROM  TESTS  MADE  ON 
COMPOSITES  R Papirno  and  J Slepetz  lArmy  Maiei  and 
Mechanics  Res  Center  Watertown  Mass ) 4 p refs  'See 

N72  12500  03-18) 

14  DISCUSSION  OF  STEEL WIRE  REINFORCED  ALUMi 
NUM  ALLOYS  INVESTIGATED  AT  BATE  LLE  1 NSTITU  T eV, 
FRANKFURT  AM  MAIN  U Seidelmann  iBattelle  ln$t  . Frankfurt 
AN  Mam.  W'est  Ger  ) 4 p refs  (See  N72  12501  03  1 7> 

15  strengthening  of  ALUMINIUM  BY  EXPLOSIVE 
INCORPORATION  OF  BERYLLIUM  WIRES  C V Jarvis  and 
P M B Slate  (Atomic  Weapons  Res  Estab  Foulness.  England) 
19  p refs  (See  N72  12502  03  17) 

16  PRODUCTION  OF  ALUMINUM -DE RYLLI UM  COMPOS 
ITES  BY  HOT  PRESSING  R Cousscrans  tGroupc  Pechmey 
Voreppe  (France)!  6o  i See  N 72 • 1 2 503  03  1 7j 

17  mechanisms  OF  FATIGUE  IN  FILAMENT 

Kansas  City  Mo  i 21  p refs  tSec  N 72  1 2504  03  1 ? ) 

18  A NEW  TEST  FOR  THE  GlASS-TO  RESiN  BOND  LIFE 
IN  GHP  COMPARISON  OF  TYPICAL  SYSTEMS  EXPOSED  TO 
WATER  M H Stone  iRubt>er  and  Plastics  Res  Assoc  of  Great 
Britain  12  p refs  (See  N72  12505  03  10» 

19  WETTING  AND  TREATMENT  OF  REINFORCING  FIBER 
filaments  FOR  ORGANIC  MATERiP'S  G Mavei  (Inst  de 
Rech  de  Chimie  Avancee  Pans  Fran.c)  9 p refs  (See 
N72  12506  03  181 

20  STUDY  OF  INTERACTION  BETWEEN  A BERYLLIUM 
FIBER  AND  AN  ALUMINUM  MATRIX  J P Trollier  and  R Graf 
‘Office  Natl  D Etudes  et  cie  Rech  Aerospati  jles  Pans  France) 
9 p refs  (See  N72  1 2507  03  17) 

21  CALCULATING  AND  PREDICTING  VISCOELASTIC 
CONSTANTS  OF  COMPOSITE  MATERIALS  N P Vinh  Touny 
(Inst  Supeneuf  des  Materiau*  et  de  la  Cons  ) 28  p refs  (See 
N72  12508  03-18) 

22  REMARQUES  AU  SYMPOSIUM  SUh  LES  MATERIAUX 
COMPOSITES  J Lemaitre  2 p 

23  REMARQUES  AU  SYMPOSIUM  SUR  Lf.S  MATERIAUX 
COMPOSITE  OE  L AGARD  J Pab-ot  2 p 

24  OEVELOPPEMENT  EVENTUEL  DL  PROGRAMME 
G O'xmier  2 p 

25  APPENDIX  DISCUSSIONS  ON  PRESENTED  PAPERS 

8 p 
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N72  12493*  Louvain  IJniv  (Belgium)  ln»t  voo<  Metaaikunde 

mechanical  properties  oe  epoxv  silica  compos 
ITE  materials 

P deMeester.  P Oambie  and  A OeruytlRre  In  AGARO 
Composite  Mater  Sep  1971  11  p refs  'See  N72-12492 

03  18) 

Avail  NTIS 

Composite  maie<i?is  consisting  ol  an  epoxy  matrix 
iongiiudinally  ieinforr:;d  by  oriented  silica  fibres  have  teen 
t^ted  for  tbeir  mechanical  properties  Primarily  rhe  elastic 
coe>i>rients  have  been  measured  For  this  purpose  static  and 
dynamic  I'^easurements  have  been  performed  Specimen  forms 
and  test  results  are  discussed  Other  mechanical  properties 
(U  T o ) are  also  presented  and  discussed  m view  of  the 
application  of  such  lic'p  remforced  materials  as  structural 
elements  Author 

N72  12494*  National  Physical  Lab.  Tcdoingion  (England)  Oiv 
of  Molecular  Science 

the  npl  utrasonic  tank  its  uses  in  oQLYMER 
and  fibre  composite  testing 

M F Markham  /n  AGAHD  Composite  Mate’  Sep  I9rt 
8p  refs  (See  N72  12492  03  I9i 
Avail  NTiS 

Muj  urement  of  ultrasonic  attenuation  on  composites  has 
been  shown  to  be  c valuable  Qualitative  meincd  of  testing  these 
•materials  for  voids  or  similar  defects  Emsience  o(  these  does 
seno-jsiy  reduce  the  strength  and  indeed  (he  eia  tic  constants  it 
IS  therefore  highly  desirable  that  all  samples  are  tested  m this 
manner  bgfore  (udher  tests  are  earned  Out  The  method  has 
been  applied  to  two  composites  S'lica  epOxy  and  siUca  phenolic 
sheets  Values  of  their  e'astic  constants  are  given  m the 
appendix  Author 

N72-12495*  Office  National  d Etudes  et  oe  Rocherches 
Aerospatiaies  Raris  (France) 

MODULUS  OF  ELASTICITY  MEASUREMENTS  ON  RESIN 
FIBER  COMPOSITES  (MESURES  OE  MODULES 
ELASTIQUES  SUR  composite  fils  RESiNEi 
H Guyoi  and  M Hediard  In  AGARO  Composite  Mater  Sep 
1971  13  p refs  In  FRENCH  ENGLISH  Sumnrary  (See 

N72  12492  03  18) 

Avail  NTIS 

Test  specimen  have  a rectangular  seciron  ol  4 n lO  n»m 
Elastic  deformations  are  measured  under  a ratner  tow  stress 
Three  exiensomelers  are  mounted  together  to  measure  tfic 
variations  of  total  widih  of  tctai  thickness  and  U'e  deiormatior^ 
stress  and  test  specimen  lengths  Wilhiri  one  percent 
measurements  are  reproductible  when  made  on  tfie  same  test 
specimen  uf  furnished  materials  But  irie'C  is  a rattier  great 
dispersion  between  differcrit  specimens  Moreover  test  specimen 
stressed  perpendicularly  to  silica  yams  show  a rather  consertueniial 
delayed  elasticity  Author 

F ’2  12496*  Centre  d Etude  des  Matieres  Piasuques  Pans 
(France) 

linear  and  nonlinear  characteristics  of  a 
unid:rectional  epoxy  silicon  reinforced  com 

POSITE 

J Pabiot  In  AGARO  Composite  Mater  Sep  197  1 15  p 

refs  In  FRENCH  ENGLISH  suir.Tiary  ;See  N72  12492  03  10' 
Avail  NTIS 

A method  for  determining  mdepefideni  mec-hanu.ai 
characteristics  of  an  epoxy  sihca  composite  rnaienal  m vshir.li 
the  reinforcement  IS  unidirectional  IS  presented  Tho  material 
takes  the  form  of  small  dirnension  sheets  Its  tharac.tefiS’i-.s 
must  allow  itie  guaniitative  response  [iredictiori  to  slates  o( 
stress  In  the  linear  domain  the  compliance  lenso'  anrj  m the 
non  linear  domam  a criterion  of  breaking  strengtf'  is  fJefmeri 
ineorebcaiiy  'he  vdiiuii»  vf  c'd  h-.v** 

been  confirmed  l>y  Submitiirig  the  cf'arattenst'cs  as  a f inci'on  ol 
the  angular  posdio''  of  the  oies  The  discussion  of  the  resiriis 
concerns  chicHy  the  percer^age  of  I'bcr  ds  d'^tohufon  a.-id  the 
physical  appearance  of  die  material  'csu'ling  (rorr.  .-eftam  stress 
conditions  Atphof 
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N72-12497*  fiatSpA  Turin  iKaiyi  Lab  Ricerche  e Controlii 
Auto  Avto 

CLASTIC  constants  EVALUATION  OF  A REINFORCED 
PLASTIC  MATERIAL 

A Bracco  G Mannone  and  M SaUm  In  AGARO  Composite 
Mater  Sep  19  i 24  p refs  (See  N72  1 2492  03  1 8) 

Aval  NTIS 

A thftorftical  and  experimental  analysis  lias  haen  performed 
to  e ^a-uate  the  elastic  constants  of  a silica  epoxy  composite 
materi^>i  Frr>m  a theoretical  standpoint  the  m.atenal  under  test 
has  bec  ' c-ansidered  as  an  homogerieous  body  and  assumed  to 
be  isotrop.*  <n  the  plane  orthogonal  to  the  fibers  direction  Unde' 
those  assi-h'otions  one  can  show  that  five  independent  elastic 
nonstantn  are  sufficient  to  describe  the  elastic  properties  of  the 
composite  rnais'ial  The  values  of  these  constants  have  then 
been  plotted  vfus  specific  weight  and  strain  rate  of  the 
samples  by  the  use  of  ad  hoc  suitable  equipments  Author 


N72-12498x  Army  Maiv'ia's  and  Mechanics  Research  Center. 
Watertown.  Mass  Theore.  v.ai  and  Applied  Mechanics  Research 
Lab 

ELASTIC  characterization  OF  FIBER  REINFORCED 
COMPOSITES 

J M Slepeu  In  AGARD  Compos-V  Mater  Sep  1971  10  p 

refs  iSeo  N72  12492  03  1 8) 

Ava.t  NTIS 

The  Jprqc  scatter  m test  data  obst-  ed  «s  consistent  wlh 
orevious  exp€rien'"e  in  fiber  reinforced  maif  ^is  Such  variance  is 
usually  due  m pad,  to  fabrication  var.ables.  va-.  rtion  m constituent 
properties,  and  delic»enc»es  in  test  methods  >•  also  has  been 
suggested  that  local  stress  cor.rent.'j’.ions  "anicoiany  .n 
transverse  normal  and  rhear  tests  affect  behavio  m the  g'Oss 
scale  and  account  for  part  oi  the  data  spread  Th.-*  specimens 
were  prepared  with  most  of  the  fabrication  variables  mmaiet^ 
vet  t^e  sc3ttc'  re^iiiix  «.iiii  excessive  This  s rgqesis 

that  converuionai  test  meifiods  are  at  fatU  o:  iha.  wde 
variations  »n  composite  properties  are  minns'C  to  this  cia.'.‘  of 
materials  in  any  case  the  designers  problem  of  predict-,  q 
structura'  behavior  or  of  specifying  leQui'Cd  P'Operlies  O' 
composites  IS  considerably  magnified  by  Such  uncenainiies 
concerning  matenal  properties  Author 


N72  12499»  California  Univ  Los  Angeles 
MECHANICAL  BEHAVIOR  OF  Si02  EPOXY  COMPOSITE 
F OarwiSh  and  A S Teielman  fn  AGARO  O-ir.pusile  Mater 
5ep  1971  7 p refs  'See  N72  12492  03  l8i 

Avail  nt:S 

The  effc'ts  ol  temperature  and  fiber  onentaiion  on  the  load 
Copaedy  ctreng’n  jnn  franurp  mode  of  Si02  epoxv 
resin  composites  have  been  m'vesligated  by  means  of  slow  bend 
and  impact  tests  Although  tough  and  strong  Atien  loaded 
parallel  to  »t$  fibers  the  composite  *s  shown  to  be  weak  and 
b'dile  when  loaded  transversely  The  composite  exhibited  lniie  or 
no  notch  sensitivity  for  notches  machined  along  planes  normal  lo 
the  fibers  whe'eas  foi  the  case  of  notches  machmed  parallel  to 
the  htiers  t^e  composite  showed  conside  ipie  notch  sensit'vity 
that  depended  on  the  lest  terripe'alure  Increase  m (esf 
temoe'atu'e  had  the  effect  ol  reducing  the  load  carrying  capacity 
of  both  the  notcheri  and  unncit.'.hed  samples  m both  the  slow- 
t?end  and  i.-npact  loading  Impact  pnnrcjy  values  measured  io'  the 
specniens  loaned  paialtel  lo  their  fibei:  showed  a sli-jM 

decrease  with  the  rise  m test  temperature  Autrio* 


N72  12500*  AffTiy  Materials  and  Mecha-uf Tii-i i-rt-'f  t-  Cenu: 
Walertciwn  Mass  Theoreii- .'ll  d'ul  Applied  'de'.’n*ni(.s  Pvsrrn-'  *' 
Lab 

determination  of  MATRIX  AND  FILAMENT  STRESS 
SIRAIN  PHOHEHlttb  FROM  TfcSTS  MADE  ON  COMPOS 
ITES 

Ralnh  f*api'n-i  and  Jof-n  M Slnpct;  <''■  A>'jARD  C(>f'-()OS'io 
Mate*  Sep  19^1  4 p refs>See%72  12497  03  18' 

# va  ' NTiS 
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A a mol<j  meihod  haa  been  developed  for  ihe  dete^n\ioatior» 
of  the  effective.  »n  situ  finodf  and  nonlinear  stress  strain 
response  of  the  matn*  and  reinforcement  from  load  strain 
metjuremenis  made  on  composites  Two  specirnens  with  slightly 
d'fferertt  but  predetermined  value  volume  fractions  of 
reinforcement  are  tested  An  analysis  of  the  load  stram  data  hum 
the  two  specimens  yields  the  average  for  the  two  specimens  of 
stress  str  sin  data  for  the  reinforcement  and  for  the  matrix  it  is 
shown  that  the  method  is  independent  of  the  shape  of  the 
component  stress-strain  curves  and  may  be  applied  m the  linear 
and  nonlinear  regions  General  principles  of  specimen  pair  design 
are  derived  based  upon  a sensitivity  <;nalysis  of  the  method 
which  takes  mto  arrOv..<i  the  precision  of  the  measuring 
apparatus  and  ths  relative  stiffnesses  of  the  components  of  tho 
compositns  Author 


N72-12501.I  BatteMe  Inst  , Frankfurt  am  Mom  iWest  Germany! 
OlSCilSHION  OF  STEEL  WIRE  REIfTORCeO  ALUMINUK: 
ALLOYS  INVESTIGATED  AT  0 ^ , TELLE  INSTITUT  eV. 
FAANKFijRT  AM  MAIN 

U Seioeirnann  M aGARO  Composite  Maicf  Sep  197  1 4p 
refs  (See  N72  12492  C3  i8i 
Ava'i  NT-S 

Results  cbiamed  m tensile  strength  measurements  made  on 
steel  wiie  reinforced  alurr  .num  alloys  arc  presented  Carbon 
wire  wncse  final  slrengtn  after  ircurporation  m ihe  composite 
was  anout  luO  plus  or  mir.js  10  kg  cq  mm  was  coated  with 
aluminum  alloys  and  after  hot  pressing  first  subiect^d  lo  lensil ; 
tests  With  filament  contents  of  20  to  60  volume  percent 
increases  m strength  of  200  to  350  percent  were  acn«eved 
these  values  approaching  -he  theoretical  values  In  dynamic  tests 
on  specimens  reinforced  with  ?0  volume  percent  the  strength 
values  .measured  after  2 * 10  to  the  seventh  puwer  load  cycles 
were  50  percent  higher  than  those  of  the  unreinforced  material 

A.jlhO: 

N72  12!*02»  Atomic  Weapons  Research  tstabiunment  fo-.i-ness 
'England' 

STRENGTJ'.ENING  of  aluminum  by  explosive 
INCORPORATION  OF  BERVLUUM  WIRES 
C V Ja-vis  ar'd  P M 8 Slate  in  AGARO  Composite  Mate* 
Sep  19V1  .9p  refs  iSee  N72  I2492  03  18' 

Avail  N 'iS 

|{  IS  shown  that  teryiiiuni  reinforced  aluminum  tjn  be 
prepared  -.ising  an  exp'oc  ve  bon'img  techmoue  The  mechanical 
properi'es  of  such  a coniposite  compare  veil  with  those  from 
samples  prepared  by  diffusion  bonding  Author 

n72  12603v  Groijpe  Pechmey  Vore;;pc  'France!  G'oupe 
rcciimey 

PRODUCTION  OF  ALUMINUM  BERYLLIUM  COMPOSITES 
BY  HOT  PRESSING  IREALtSATlON  DE  COMPOSITES 
ALUMINUM  BERYLLIUM  PAR  PRESSAGE  A CHAUD) 

R Cousserans  In  AGARD  Corriposite  Mate'  bep  1971  6p 
in  FRENCH  (See  N72  1 2492  03  IH 
Avail  NTIS 

Ho»  press-ng  of  licrytliurn  f'lie'S  pr  slnps  n.lO 
aluTiin-.im  beryllium  comoosi' - by  a semi  conim-uOus  ni-»:ho(j 
pro<J'j'_ed  speci  -lens  o*  la'yR  dimension?,  depending  on  >he 
fir  .ssgre  loa-Js  use  . A comb'nanon  ho!  pressing  tamindtmg 
( ror.odure  f jdu  .ed  son»t  rjiflir.-.jlties  tiec.^ ose  ttie  fragility  of  Ihe 
Der, Ilium  and  trie  ver,  irr^portarii  elastic  scpara'-or"-  between  the 
tjcry'liurr'  anij  the  alf  'imij.i'  alloys  cousorl  l»v  the  ferJu'hon  ra'e 
necessary  .o  obtair'  a good  fiticr  mai'**  co  n(M>unds 

Trans'  ti>  v"*  f> 

N72  12504u  Midwcs!  Reseu' Ins?  Kansas  '^  •ly  Mo  Cenie. 

lor  Appl.c.j 

MECHANISMS  OF  FATIGUE  IN  FILAMENT  REINFORCED 
METALS 

J R Ma.-  cock  A(iAH0  Comp/, site  M-He.  Sep  19’’ 

/I  (>  refs  bponsorPO  f-  part  by  Af'dl  See  N.’2  17492  03  Jo 
Avil  NTlS 


Ttie  mechanisms  of  low  cycle  fatigue  wero  s'udicJ  in 
composites  of  ?lummum  reinforced  with  34  vol  % of  continuous 
b^iyllium  fiiame-is  Tw  senes  r'  composite  specimens  were 
tested  ^f'e  series  fabricated  us»ng  as-drawn  trough  surfaces’ 
bervHiu.T;  wire  and  ano.her  usmg  electropolishml  (smooth  s'jrfaces' 
beryfl'om  wi*  *.  to  determine  ibe  ehecis  of  mechanical  interlock 
at  the  filamerit  matrix  interlace  on  fongue  performance  Axial 
sti  am -controlled  fatigue  tests  were  pedormed  The  cyclic, 
stress-stram  curves  were  identical  for  !he  two  senes  of  composite 
specimens  while  composites  reinforced  with  as  drawn  f;'aments 
eHhibiterf  lunge'  fatigue  lives  than  composites  reinforced  with 
eleciropolished  ncments  This  difference  m fatigue  hsas  between 
the  two  senes  of  c^l'Toosue^  . as  aitnb.  ied  to  the  difference  in 
the  rate  of  cracn  growth  pafooc  to  filament-mainx  mtnifaces  It 
was  concluded  that  rough  filament  surfaces  impede  interfacial 
crack  growth  Author 


N?2- 12505#  Rubber  and  Plastics  Research  Association  of 
Great  Britain,  Shrewsbury  'England} 

A NEW  TEST  ^OR  THE  CLASS  TO  RESIN  BOND  LIFE  IN 
GRP  COMPARISON  OF  TYHlCAL  SYSTEMS  ;X®OSED 
TO  WATER 

W H Stone  In  hGARJ  (Composite  Mater  Sep  1971  12  p 

refs  tSec  N72  12492  03  18} 

Avail  NTIS 

A rtfi  A.  metl’.'d  iS  described  L’  determining  the  I;'?  of  the 
glass  to  resm  bond  m GRP  exposed  to  water  The  electrical 
conductance  along  me  strands  i5  ineasu-od  as  a func'  .'n  of  nme 
of  exposufu  and  the  bord  life  defined  as  iht  time  taken  for  the 
concuctance  to  attain  a ceriam  value  A comparison  of  several 
glass  coupling  agent  combinations  in  epoiy  reim  exposed  to 
boihng  water  shov^ed  a 7 fold  range  of  bond  life,  with  the 
S-Q’ass  HTS  ireatmeni  combi.'.jtion  giving  the  most  duradia 
bond  Reiativ  bond  lives  at  60  arid  100  C fo'  an  E glass  epoxy 
‘•omposite  gave  ar'  ovcraii  dtiiv^tiur.  ^-nergy  cf 
30  Kcal  mole  lo  .he  oebonding  process  Authoi 


N/..  '2506-r  Insiitui  de  Recherches  -'e  Chimi.'  Avancc'.*  Paris 
rF'ance 

WETTINC  AND  TREATMENT  OF  REINFORCING  FIBER 
filaments  FOR  ORGANIC  MATERIALS  [MOUILLAGE 
E.  TRAITEMENT  DES  RENFORCEMENTS  FILAMENTAIRES 
ASSOCIES  A DES  MATIERES  ORGANIQU:S| 

0 Mavel  In  AGARD  Compos'ie  Mater  Sep  19?  > 9 p r»jfs 
.A  FRENCH  ENGLISH  summary  ;See  N72  12492  03  18) 

Avail  NTIS 

A tcchni'jue  fO’  measuring  the  wetting  of  a monohlament 
by  »he  resm  itself  m a lemperaiure  range  permissibly  tor  the  later 
dOij  an  along  the  hardening  process  is  described  S'^me  msighi 
f ' -jardm'j  the  preiniprogr  »ion  mcchdnibin  and  50  —.e  cba.'oc'.en^ 2 
, on  «}l  Ihe  f'lamer^i  riic!f.''tv  'S  n’‘>'»ided  Typica'  results  .ire 
described  lor  various  reinforcement'  Aullior 


N72  T2"07o  Oflice  National  d Etudes  et  de  Recherches 
»-.erospatid!es  Paris  iF.-ancc» 

STUDY  OF  INTERACTION  BETWEEN  A BERYLLIUM  FIBER 
AND  AN  ALUMINUM  MATRIX  [ETUDE  OE  LINTERAC 
TION  ENTRE  UN  FIL  OE  BERYLLIUM  ET  UNE  MATRICE 
ALUMINIUMI 

J P T.-oUmr  anrj  R Gra‘  In  AGARD  Cnrr.prjsite  Mater  Sep 
1971  9 ()  rel*.  Ir^  FFtENCH  LNGLISH  S'jmmaf  y iSee 

N7?  12492  03  i&i 

Avail  NTIS 

N'l.kei  plated  tieryllu-rn  Wires  have  tieen  covirerJ  by  an 
elei:!fr:l>»ic  al'jmiiiiwrri  rfyjtir'o  with  or  vvithou;  fc'merly  removirui 
the  f«rkel  layer  OiHuSKjn  pfienomena  h -■ /o  fjcen  studied  t)y 
V n,M«avtM.n  scarif.incj  microscope  exammaiion  and  micmprobe 
anaiyS’'.  afte*  a senes  of  ttiermai  trcai.Tienrs  of  variable  Oufanon 
at  350  derj  480  fJeg  ar  d 600  C ’f'.e  recystalhzaiion  stale  ol 
tr:e  wi-cs  anil  rr.ai.-,,  has  boe'*  '/bseivcd  by  X rays  The 

sanip'n  stfijr.iuff?  flofS  u(»t  iindc"-}o  ai'#  r.oiirealv'c  mol'I'canun 
at  2SO  C u-  t«j  sho.-i  !fi-.3imp:'iv  dl  4d0  C Autho' 
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N72-12u08|li  !n$titui  Supisrteur  d^s  Maidriaux  et  d«  la 
Conttructicn  Macaniqua.  Samt  Ouen  (Franca)  Uab  d Automaiiqua 
at  da  Macaniqua  Vibratoira 

CALCULATING  AND  PREDICTING  VISCOELASTfC 
CONSTANTS  OF  COMPOSITE  MATERIALS  (SUR  LES 
CAICULS  ET  LES  PREVISIONS  0E8  C0N8TANTES 
VISCOELASTIQUES  DES  MATERIAUX  COMPOSITES) 

N VinhTuooQ  /n  AG^RO  Compoftita  Matar  Sap  1971 
26  p rafi  In  FRENCH.  ENGLISH  summary  (Sao  N72- 12492 
03- 18) 

'vail  NTiS 

Tba  thaory  of  alasticity  i$  wtad  m coniunction  with  tha  Airy 
airaaa  ruo'iion  to  datarmma  alaatic  constants  of  uoidiractional 
ftbar  ra>i  ^orcad  composites  by  computer  programs  In 
alastodynamics.  d*sparsion  ralaimns  (or  the  propagation  of  elastic 
long  waves  yield  elastic  constants  m various  syrnmetnes  in 
vrscoalssticity.  upper  and  lower  bounds  are  obtained  separately 

Author 


N72  29589a  Advisory  Group  for  Aerospace  fler^eaich  and 
Oaveiopment  Pans  (France! 

COMPOSHE  materials 
8 Walter  Rusen  May  1972  12S  p refs 
lAGARO-LS-55)  Avail  NTlS  HCS0  2O 

The  material  reported  was  assembled  to  support  a lecture 
•anas  prase  tad  in  Oslo  (Norvsi'ayl  Lyngby  (Denmark)  and  Lisbon 
fPo'^ngal)  111  June  1972  The  obiaclive  of  the  lectures  was  to 
present  the  mod-'m  corrpo».ies  concept,  a review  oi  rriaier.ais 
for  advanced  cor.iposi’es  (fibers  remforred  piasncs.  meiai  matn* 
compesitas)  Considerations  m the  appiiuanon  of  advanced 
composites  and  airframe  appl'cat‘on  are  covered  For  individual 
titles,  sea  N72-29690  through  N72-29696 


N72*29SvO  Materials  Sciences  Corp  Blue  Bell  Pa 
DESIGN  OF  COMPOSITE  MATERIALS 
Walter  Rosen  in  aGARQ  Composite  Met  May  1972  22  p 

refs  (For  availability  sea  N72  29S89  20  18) 

Studies  of  the  relationships  between  the  effective  proped«9s 
of  fiber  composite  m‘:ieriais  and  the  mechanical  and  9eom»*-.«.c 
properties  of  their  constituents  are  reviewed  The  aims  of  such 
studies  are.  lust,  to  provide  the  ability  to  analyze  the 
performance  oi  siry-tures  utiiizmg  ihese  heterogeneous  materials 
and  second  to  provide  guideline^  I'jr  the  development  of 
impiDved  materials  The  raliur'Rle  for  designinrj  a material  to  suit 
the  application  :s  described  The  feasibility  of  a 'ornplishmq  th.s 
airr^  through  the  use  of  high  stiffness  anc  high  strencjth 
hlamentary  materials  is  discussed  It  is  emphasized  that  the 
ct-S:gn  cycle  with  composites  involves  many  more  steps  than  the 
sq'j'V9l«n»  mpf;»Hcr  MrLCtufal  design  process  The  relationship  is 
developed  governing  the  thermomechamcal  properties  oi 
composites  The  imponarice  of  heterogeneity  and  unisotfOpv  ore 
treated  Theoretical  results  are  presented  for  composite  elastic 
moduli,  thermal  e»pansio-i  coefficients,  thermal  . ^rcjuciiviii»*s 
and  specific  heats  F.asu  is  ate  presented  m a form  easily  usab'e 
for  parametric  study  ■*  candidate  *aterials  duunq  the  prelirmr  r’y 
design  phase  The  <it’ius  is  discussed  the  unde.'StendurS  ol 
the  tensile  compressive  and  shear  strengths  of  unidi-.ect»onal 
cornposiies  The  definition  of  the  mode  of  fadure  is  empi-auzed 

Author 


N72  i9691  Rensselaer  Polytechnic  I'iSi  froy.  N Y Materials 
O.v 

FI^ER  AND  MATRIX  MATF.ilALS  TOR  aOVANCEO 
COMPOSITES 

J Diefpi-i;'.'.’  In  AGARD  Cornp'iiite  Mat  May  1972 
20  p r^‘j  (^1  I availability  see  N72-29:  'T  2U  18) 

Cx>mpoii’e  materials  provido  a sdutiur  tor  the  engineering 
use  of  high  specific  Strengm  riign  specif»c  ihl/uuIus.  but  bfittlG 
materials  These  bntiie  materials  used  as  fibrous  reinforcomeni 
to  provide  strenrjih  ar*1  stiffness  n the  composite  The  fundamental 
principles  lor  selecting  the  reinforcements  ai€  descril>eo  as  well 
as  the  concepis  usc  l to  form  these  matena's  into  high  strength 
(ilament  Detailed  information  on  ttie  preparation  structure  anri 
properties  of  boron  carbon  and  organic  filament  are  piescntod 


Matrix  mais-'iais.  which  are  used  to  transfer  stress  to  the  fit>er 
ar^d  also  prevent  bnitic  failure,  ore  <-i.>c-js:ed  in  less  detail  The 
techniques  fci  combining  biamonts  and  matrix  mte  prepreg  or 
other  preforms  an(j  the  fabrication  into  structure  are  con^tUered 
Finally  the  mechanical  properties  of  composites  based  on  boron, 
carbon,  and  organic  fibers  are  presented  Author 


N 72-29692  Genpral  Dynamics  Fon  Worth.  Te* 

COMPOSITES  IN  THE  STRUCTURAL  DESIGN  PROCESS 
M E Weddoups  In  AGARD  Composite  Mai  May  1972 
13  ( refs  (Fof  availahhiiv  see  N72  29689  20  18) 

The  use  of  advanced  composites  as  a primary  structural 
material  for  aircrafi  structures  has  required  aiieratiun  of  Ihe 
characierization  and  design  process  Specfic  departures  from 
conventional  ligh;we>ghl  metal  design  practices  have  resulted 
because  of  the  fabricai.on  and  process  control  characteristics 
the  failure  chaiacteristics  uf  the  material,  and  the  additional 
strur:turdl  design  variables  Each  of  these  subject  areas  with  the 
attendant  impact  ol  composite  matenais  un  desigr  practice  are 
reviewed  Case  examples  for  actual  prototype  hardware  are 
presented  Author 


N72-29693  National  Physical  Lab.  Teddmgion  (England)  Div 
of  Materials  At  ( licdlions 

experimental  METHODS  hOR  COMPOSITE  MATERIALS 
6 E Read  and  G 0 Dean  In  AGARD  Composiie  Mai  May 
1972  28  p rets  (For  availability  see  N72  29589  20  18) 

A Wide  range  of  techniques  is  discussed  for  measuring  the 
elastic.  Viscoelastic.  uUimato  f w-nih  thermal  and  alectncal 
propenies  of  hber  reinforced  co.npos'tev  i*om  emphatis  is  given 
tn  »he  deiern  'nation  ol  tne  basic  propetinj  yl  gnidiiecliwmaHv 
emforced  comp.. '••ties  and  for  this  purpose,  i-’e  mechanical  test 
-ampies  considered  arc  mainly  m ti>e  form  ol  reciangular  l-ars 
However  some  consideration  is  givnn  to  rreihods  invclvir  g 
l»on©ycomh  sandwch  struC'ures.  cucu.ar  rods,  plates,  rmgs  a lO 
Cylinders  for  determining  the  state  Youngs  moduli  and  Poissons 
ratios  tensih.  and  compressive  tests  are  considered  m addition 
to  flexure  methods  (cantilever.  3 pomt  and  4-pomi)  and  also  the 
honeycomb  sandwich  technique  Methods  lor  measuring  the 
shear  moduli  include  both  torsion  and  oM  a*'S  tonsil©  lesis 
Comparative  elastic  data  obtained  by  these  methods  a«e  collect  »d 
«rd  discussed  for  unidirecti.inal  siliCa  fiber-epoxy  carl/’n 
liber-epOxy  boron  liber  epoxy  and  boron  liber  aluminum 
composites  Creep  and  stress  relaxation  methods  are  outlined  lor 
studying  time  dependent  viscoeiastic  behaviour  and  results 
illusiraiod  for  nylon  rubber  diiu  bo'on-epoxy  composites  beveral 
dynamic;  tesis  are  described  including  the  low  f.eguency  forced 
nonresonance  torsion  pendulum.  audiolrecjuenCy  resonance  and 
ultrasonic  pulse  techniques  Oynarnic  eiasiK  constants  and 
danipiitg  factors  ate  iHusuaiccl  lor  carbon  fibcf  epoxy  composites 
as  a function  of  frequency  and  liber  vok»rne  fraction  Methods 
ore  assessed  for  determinmy  the  tensiie  compressive  flexural 
and  shear  strength  fraciuftf  energy  and  fatigue  life  and  selected 
data  are  iiiusiraied  for  some  carbon  fiber,  boron  fiber  and  glast 
fiber  composites  Techn:fjucs  for  measuring  the  thermal 
expansion  coefficiani,  therr.ial  conOuciiviiy,  heal  capacity  electrical 
resistivity,  dielectric  constant  and  loss  or©  outlined  and  some 
results  presented  Inr  unidirectional  carbori  fiber  composites  Bnel 
mention  is  made  ol  magnetoresistive  aoj  tnemiomagneiic  data 
obtained  on  a compnsiie  lum-od  by  ihg  unidirectional  solidification 
of  an  eutectic  InSb  NiSb  mix'ure  Author 


N72  29694  Genera'  Dynamics  Fort  Worth  T-?i 
automated  design  ANC*  FUTURE  DESIGN  TRENDS 
M E Waddoups  In  AGARD  Composite  Mat  May  19  72 
10  p refs  (for  availability  see  N7?  20699  20  18) 

Example^  of  the  »iew  dass  ol  kor"  composites  related 
optimization  probh.-u  s ore  presenier)  .i  .conipamerj  by  illustrations 
of  the  application  ql  rr-odem  opliiriuaiiori  metf'ods  lo  cornposiie 
design  problerns  Author 
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N72  2939b  Brijish  A;fcfaf.  Cu.'i.  V\  hi,.  ■;  i«j!ai  i‘- 
Aii.  ralt  f-  . 

GENERAL  CONSIDERATIONS  IN  THE  APPLI»_  ‘ T*o vS  OF 
ADVANCED  COMPOSITES 

' r Tjfy  /.  Ac'iARO  Co^Doi'le  Mat  May  ^972  ’4  p • 

■fi,  ava.labil.lv  seo  N72  29589  20  l8i 

The  chafacitnstic<i  ol  iicivanced  compos»iies  are  compare  « 
inosc  of  convcniional  arfran^o  tnjie-'iaU  m »s  s^own  i?ia’. 

m..O'.  convifje  aliens  olhef  ihan  rofwpntiO  'al  rnecnaoi-- 3- 
.-.oueMir-s  .jod  Ubocat  on  lechouiouy  mMi.eont.'  n r liCler'.iGo  joo 
rpaii;al.on  n*  f»tfeciivo  aopl'Cai-jns  .-I  compo>.’#»'»  Part'cu.'.if 
arieniion  .s  n.we'.  lo  »*3e  jssessmLMit  o!  cosi  Lflari  venest  t.")  ii^f- 
achievement  of  mlegnty  m a broad  senee  including  o»oleciion 
against  advefse  en^ifonmeoiai  effects  and  to  some  practical 
aspects  of  producii  .lily  Trends  »n  material  and  manufacturing 
costs  are  presened  to  snow  that  .n  the  anframe  industry  most 
paris  of  the  sifutlure  couitl  bpnelii  from  the  extensive  use  o< 
compojites  in  the  next  ten  years  Expansion  anci  redirection  of 
the  research  and  development  alfoM  writ  be  nee<Je<i  tri  expiou 
me  economic  potential  ot  the  materials  Author 


N72  29596  British  Aircraft  Co»d  Wanon  •Encjianrli  Miliijr^ 
Aircraft  Oiv 

AIRFRAME  APPLICATIONS  OF  ADVANCED  COMPOoiTES 

I C Tauj  //>  AGARO  Composite  Mat  Ma>  19  72  12  p r>K 

;For  avjilahiii’v  see  N72  29589  20  18 

A Wide  va'iely  of  ijr.niary  and  secondary  Slru  tma' 

applications  t)f  aiJvanced  tipoMles  an-  pieseidod  H iii.is'-aies 
uS>ny  actual  or  iMo;octcrl  t .ampies  the  ti'og-'cvsivc  inirc'1*.'  1 ‘>i» 
■ service  of  COniponents  of  ir'Cf'iO'-'ng  cornpie^.i,  jn<;  cost 
cffei.liYcneSS  AH  p'fViouMv  un'.'oblistifd  inlorfi\j?ior'  relates  to 
carupM  fiber  epoxy  composites  und''*  -Jcvelopmrnt  in  ttic  UK 
but  to  broaden  it.e  picture  tfirr  cove'jrjr*  also  mclMdes 
boron  epo»y  carbOn  Cr0»y  J'hI  to  j Inss*’-'  rxtcni  tnMOn 
alijmifiini  apfilirtations  'H  the  USA  Ihr*  ran<»e  qI  r.ornjtorier.ts 
covered  includes  composite  rc<nlcirced  rn»tjl  mcrT  ite's  sandwch 
panel  sifuclures  sur.n  as  doo'>  Hoo<s  .'nd  conuol  surfaces  »od 
and  the  lube  r.ie' iLers  Irox  siru‘,(ur*.'s  such  as  tail  s.rrfaces  and 
wings  frames  biJkficads  arid  fus'da  jc  sh.  i'  sir.iciums  Parti  mar 

ernplia..is  is  given  to  Iht  ilesigri  p;m-'iplos  .,n:i  prjcfica;  ‘e.ilmes 
embodied  'O  eacfi  application  'llusl' alirig  a*'  fj'  as  puss't»‘n  if'i* 
ypncrj!  r,o-isir|eraiions  o*  the  prov.ouS  pa;-<;r  V\hi>ri-  iifoin-al.or. 
is  available  mass  savings  anrl  . risi  -dfei.iiv  -ness  'laia  ar<*  guomri 
and  COi:irnr.-nts  O'-  Ihn  «.•^Cral■n<|  ‘.r; | r r.(Msip;.vi?  ,« 
service  .V»»  tnriijnni  A«itt;0‘ 


N73  27474*  Advisory  Group  tor  Aerospace  Research  and 
j Development  Pans  tfrance) 

I IMPACT  OF  COMPOSITE  MATERIA' J ON  AEROSPACE 

VEHICLES  AND  PROPULSION  SYSTEFjIS 
May  1973  288  p .efs  in  ENGLISH  and  partly  <n  FRENCH 

Presented  at  Jomt  Symp  of  the  AGARQ  Structures  and  Mate' 
Panel  and  Propulsion  and  Energeti--s  Panel  Touicuse  20  22  Sep 
1972 

(AGARO  CP  112i  Avail  NTlS  HC$16  50 

The  proceedings  of  a conference  on  the  use  of  comoosite 
materials  m the  construction  ol  aerospace  vehicles  and  propulsion 
systems  are  presented  The  subiecis  rjiscussed  include  die 
following  M)  mechanical  properties  of  hiyti  poriormance  plastic 
composites.  (2.  design  concepts  using  composites  m airffamp% 
'31  design  and  manufacturing  aspects  of  composite  materials 
With  organic  matrices  |4)  application  of  arlvanced  f-brous 
composites  lo  aeronautical  gas  turtime  engines  and  (51  failure 
analysis  of  fiber  remforred  composite  motr^f  case 
t 

I N73-2747B  Air  Force  Materials  Lab  Wrigfit  Patterson  AFO 

I Ohio  Nonmetatlic  Materials  Oiv 

MECHANICAL  PROPERTIES  OF  HIGH  PERFORMANCE 
I PLASTir  COMPOSITES 

I Theodore  J ReinhaH.  Jr  In  aGARD  Impact  of  Conposi'e  Ma'.er 

1 on  /*,erospace  Vehicles  arid  Propulsion  Systems  May  1971 

I 27  p rels  IFoi  gv«.l9bii'ir  ,«e  N73  77474  18  I8i 

Data  and  information  are  prcsenlcd  on  h.gh  slrr.rvgth 
high  modulus  reinforcing  fibers  and  organ..:  resm  com()ositfS 
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fabricated  from  these  fibers  Glass  boron  graphite  various 
metallK  PRO  49-111  and  silicon  carbide  fiber  and  composite 
properties  a*e  discussed  Combined  fiber  or  hybrid  composites 
containmg  boron  and  S glass  and  beryllium  fibers  and  S-glass 
are  discussed  The  properties  of  the  various  forms  of  asbestos 
reinforcements  are  presented  along  with  the  mechanical  properties 
Ol  several  asbestos  reinforced  epoxy  res.n  composites  Fatigue 
"reop  arid  stress  rupture  data  are  presented  where  data  on  similar 
ccmoosiie  const'.'  .lOns  could  be  found  m the  literature  Author 

N73  27476  Oeu  ische  Forschungs  und  VersuchsanstdH  fuer 

Lufr  und  Rdumfahrt  Stuttgart  iWest  Germanyl  Inst  fuer 
Bauweisen  und  Konstruktionsforschung 

FIBER  REINFORCED  MATERIALS  FOR  APPLICATlO^  IN 
THF  COLD  PART  OF  TURBINE  ENGINES 

Gerhard  Gruenmger  and  Richard  Kochendoerfer  In  AGARD 
Impact  of  Composite  Mater  on  Aerospace  Vehicles  and  Pfopulsion 
Systems  May  1973  13  0 refs  (For  availability  see  N73  27-174 

18  18t 

The  strength  to  density  'al.u  property  ol  fiber  reinforced 
materials  with  plastic  and  rneiallic  matnx  is  discussed  The 
properties  of  fibrous  materials  used  in  slructsres  which  jre 
Submitted  to  uniaxial  loads  ar»  tnaiy/ed  The  s»  of  composite 
materials  for  blades  and  discs  of  iL-hme  engmes  lor  operation 
at  elevated  temperatures  is  analysed  Author 

N73-27477  Hawker  Siddeley  Aviation,  Ltd  Woodford  (Eng 
■ar\d> 

CARBON  fibre  COMPOSITES  PROMISES  AND  PROB 
LEMS 

W G Heath  In  AGaRD  Impact  of  Composite  Mater  on 
Aerospace  Vehicles  and  Propulsion  Systems  May  19'’3  11  p 

refs  'For  availability  see  N73  27474  18  18t 

Structures  ol  carbon  fioer  composite  show  great  prormse  in 
reduction  of  weight  ar.d  freedom  froni  fai.guc  an'^  corrosion 
They  a'so  perrr  i the  designer  to  ■ i-in  the  material  to  maicn 
the  applied  loading  There  ?'e  on  the  uh.er  hand  serious  problems 
to  be  overcome  the  high  cost  pi  the  rr.atenai  Unttie  nature, 
•is  susceptibility  to  erosion  and  its  lack  of  ro  business,  the 
variability  between  apparently  identical  components,  and  trie 
difficulty  of  making  lOmts  between  sub  assembties  Ihis  paper 
examines  the  promises  and  i robiems  m turn  it  shows  how  the 
promising  feotures  might  bi.-  exploited  n»ore  fully  and  seeks 
solutions  to  >he  prpblenis  Author 


N73  27478  Naples  Univ  ihaiv) 

PRODUCTION  or  FI9RUUS  METAL  COMPOSITES  BY 
POWDER  ROLLING 

I Criveil.  ViscOnti  P Jauch  (Acnio'ia  Naples)  ar.d  C Voto 
(Aeutaiia  f^ap’.es*  in  aGARO  irupact  of  Composite  Mater  o” 
Aerospace  Vehicles  and  Piopuisicm  0/sierns  May  1973  23  p 

pfo«  avA'i^r'.t.ry  XAP  N7T  774  74  1 0 18i 

The  loridarTter^ial  aspects  of  po.*,di-»  rolling  art*  Cfjnsidere'J 
•ega.'Oir.g  bolt*  lfic  p'OtJuCtiui.  of  Cr>-ilir'UOUS  strips  Sia''n  from 
rn«*iai  powder  anrj  the  {jiocJur.iiofi  ul  fibrous  metal  tomi.usnes 
olilaintd  tjy  COr»lem(iorary  rolling  of  powdc'  with  strong 
reinforcing  wires  The  method  can  Ijr:  applied  tr>  <»  l.irgi'  numt.er 
of  n.alrix  fibers  systems  of  aerr^naut"  .ii  ir.iernyt  Afte-  j d-  v 'ipiiou 
of  tt»e  inlluen.'e  of  ea-:.fi  liarafnr.lr  * fr*(^.;latnuj  |lii-  iiliyS"  .T 
1/  ujif'l'es  of  the  green  sI'Hi  I'Vi;  •i.ii  .g.jp  fee-'lirxj  .inn 

arid  si/r*  of  f)OwrJr;r  njH  diameb*'  nuiril-  ; of  fihr-s  su'ni;  ul 
ttieo^eticat  ar.d  pxfierifnenial  proiic  ti*’'.  r^f  systerrs  ul  tJ'a'-t.'.dl 
iniercsl  aip  ret)orted  From  the  results  otiiaim-d  dufti.y  the 
entire  work  on  ttiR  dcscf iticrJ  rneiiiorj  the  atlna'  (.•rtrnt.al  an<| 
arJvanidges  of  lh«s  rru;ttiorl  ul  nieial  corn[if)sil'’‘.  'dtiucaiiori  is 
rfiv-ussecl  in  /Qtaiiou  to  otl.e'  similar  rnr‘|h(;-K  arul  .1  lew  e*arnplr»s 
ol  possibl*?  dt»triicatiUf»s  a't*  g.YOn  Auttioi 

N73  27479  British  AircraM  Cofi»  F’restr^n  lEnglanrh  Military 
Aircraft  Oiv 

DESIGN  CONCEPTS  FOR  THE  USE  OF  COMPOSITES  IN 
AIRFRAMES 

I C Ta»g  In  AGARL)  lrr.,-)ai:l  r^f  f rnnpusiie  MhI*h  on  Ar»i.ispar  r> 
Vetiicif's  and  Propuls«(»n  Sysi.'m  • M.iy  1973  18  t»  rels  tFu' 

avdilafiililv  soe  N 73  27474  18  IH' 

A (>liiloS''t'f»V  frjr  firsigii  o(  filj.-i.i;  d.l'  , i 0rn|iO'.il0  '.fjinpfXiefds 


F 


w 


18  MATERIALS.  NONMETALLIC 


\ 


0rT  phatistng  integrity  and  cost  eHectivaness  is  outlined  This 
involves  intensive  development  oi  e limited  number  of  basic 
structural  concepts  Several  Such  concepts  applicable  to 
airtrano  structures  are  reviewed  starting  with  9 simplified 
assessment  of  their  structural  efficiency  (measured  m terms  of 
mass  saving,  «nd  including  a brief  discussion  of  features  relating 
to  integrity  and  fabrication  The  review  includes  composite 
reinforcement  of  metal  structures  solid  rods  tubes  and  beams 
sandwich  skm  panels  and  sandwich  bos  structures  stiffened  skms 
aod  wound  tubes  and  lattices  Particular  attention  ■$  given  to 
attachments  arv)  load  introduction  and  a brief  section  deals  with 
bonded  and  mechanical  lomis  The  paper  concludes  with 
•Mustrations  of  structures  embodying  some  of  the  concepts 
described  Author 

N73-27430  An  Force  Flight  Dynamics  Lab  Wnght  Patterso-i 
AFB  Ohio 

DESIGN  AND  FAILURE  CRiTtRlA  OF  ADVANCED  COM 
POSITE  PRIMARY  STRUCTURE 

Larry  G Kelly  In  AGAHQ  Impact  of  Composiie  Mater  on 
Aerospace  Vehir 'ns  and  Propulsion  systems  May  1973  8 p 

(For  availabiiit,  27474  18  18i 

The  design.  t«...  jt«on  and  flight  lest  of  a bo'On.epOxy 
Fill  stabiliser  are  discussed  The  applicability  of  this  composite 
material  to  airframe  construction  and  the  ability  to  achieve 
significant  weight  savings  are  reported  The  material  aiiowablec 
and  design  philosophy  ut;li2ec;  ri  the  evolution  of  this  structure 
are  employed  as  an  example  ol  an  approach  to  establishing 
logical  failure  criteria  from  which  eMioeni  designs  can  be 
developed  with  continuous  Ohgned  high  modulus  high  strerrgth 
composite  materials  One  of  (he  Outstanding  features  of  filamentary 
composite  materials  is  their  directional  properties  which  provides 
(he  abiiKy  (hrough  crossptymg  of  lamma  (O  (ailor  a structure 
which  meets  specific  toads  and  or  stiff'»v»  <cuu</«rr,c.'.ti  v.;th  2 
minimum  amount  (0  rr.alenal  and  weight  Thus  s mo'c  efficient 
arid  rei  able  r.  ethod  of  establishing  design  owabies  for  an 
laminates  of  interest  was  developed  The  approach  selected  was 
to  eiperimeniaHy  determine  the  stress  stram  response  to  simple 
unidirectional  laminae  at  the  required  design  temperature  and 
with  the  aid  of  a mathematical  model  establish  a failure  envelope 
to  serve  as  the  designers  (r^o)  for  selection  of  a suitable  laminate 
thickness  and  ply  oneniation  (Or  a given  set  of  load  conditions 

Author 

N73  27481  Stuttgart  ijmv  iWest  Gernnany- 

PH£5ENT  AND  FUTURE  POSSIBIUTIES  OF  HIGH 
sthenotm  and  stiffness  to  weight  ratio  com 
POSITES  IN  PRIMARY  STRUCTURES 

UInch  Huefter  /n  AGARO  Impd'  '■  of  Cornpy^ite  Maief  on 
A»,oipjce  V«h.cles  and  Pfopulsion  bysteini  May  19  73  14  p 

refs  rrcpoiru  n i c,' F•o^Fe^o;iO■■■  W.’h  Of  VL?.  St  uttgir!  jv  »'lAhility 
see  N73  77474  I8  18i 

The  a;j;ilicat''dfi  of  coniposite  riiatenals  lo  pnmaiy  dircrafi 
and  spacecraft  s'ructures  »s  dis'jusserj  Sorn"  of  the  limitations 
which  affect  t/ »:  use  of  the  composite  materials  for  certain 
purposes  are  dn>cribeO  Tfie  mecharn^al  and  physical  proporhes 
of  shell  Strijr-.luies  are  ;epOHe<J  A hypothesis  for  tompf^sile 
rnateridi  fc'*  is  deveiopcrf  Charts  graptis  and  diagrams  aie 
inc(urtF-'(  to  ‘.'arifv  the  IheurelKal  crjnccpts  AjChiji 


N73  27482  Messcrschniiit  Booif  OW  0lcifwTi  G rn  1;  H OMot)F«if»n 

(Wnst  Oerma'iyi 

APPIICATION  OF  COMPOSITE  MATERIALS  FOR  AERO 
SPACE  STRUCTURES 

F Och  and  W Jondi  in  AGARD  impact  ol  Cornpgfita  Maie.’ 
on  Airoipice  Vahiclet  and  Propultion  Sy»la/r>  May  1973 
top  lalt  iFor  avaiiabOitv  aaa  N73  27474  18  1 8, 

Tha  uaa  ol  remlorcad  compoada  matarioia  lor  aaoipaca 
ainirttjrai  diicuaiad  Component  davalopnteni',  lo,  in* 
application  cl  vanoui  compomaa  tuen  at  giatt  ca'boi.  and 
PRO  ai  wall  ay  combmaliona  ol  ylata  and  caipon  aia  la 
viewed  An  evempie  of  an  aii-oiaaa  compotiia  uied  m a ihnd 
aiege  of  e loclcei  leunchei  i|  preiented  The  epplic.iIion  of 
alt  caityon  compoyitei  loi  helicoptei  loioi  biadet  ij  'eponad  Tne 
mechanical  and  phyaical  propehiet  ol  PAD  49  organ'c  libe,  an 
anclyjed  A 
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nniicupiers  up  hayes  Ifcnoland' 

USE  OF  COMPOSITES  IN  HELICOPTERS  ADVANTAGES 
AND  DISADVANTAGES  »«uv«re  i Mueb 


H F Wmny  ;n  A.GAflO  Imped  ol  Composiie  Maier  on  Aerospace 
Vehicles  and  i^ropuision  Sysiems  May  1973  9 p rels  iFoi 

avaciabiliiY  see  N73  27474  18  iei 


A survey  IS  given  ol  the  use  ol  glass  arn)  carbon  liber 
compoiiie  materials  for  helicoptei  structures  H is  reporied  that 
giets  rcinforcer  plast.es  should  be  used  or.  roiorheads  ol  the 
sem.  f.g.d  types  and  on  rotor  blades  where  fatigue  sirengi  , and 
low  stiffness  and  density  are  required  to  save  weight  Carbon 
liber  reinforced  plastics  are  recommended  for  the  mam  heljcopiu 
•tructures  A Summary  of  the  strength  and  sfflness  p/opeh.et 
of  both  types  of  composites  .s  presented  Methods  of  overall 
fabrication  for  cost  efiert.ve  materials  are  proposed  Author 


N73  27484  Societe  Rationale  Indusinelie  Aercspatiaie 
Courbevore  tfrance)  Oept  Structures  Nouwelies 
COMPOSITES  IN  ENGINE  STRUCTURES  AND  THEIR 
ADAPTATION  TO  AERONAUTICAL  NEEDS  (LE8  COM 
ROSfTES  DANS  LES  STRUCTURES  D ENGINS  £T  LEUR 
ADAPTATION  AUX  SE80INS  AERONAUTIQUES] 

G Jube  /n  AGARO  Impact  of  Composite  Mater  on  Aerospace 
Vehicles  eno  ®.cpulsion  Systems  May  1973  10  p in 

FRENCH  (for  availability  see  N73  27474  I8-181 

The  use  of  hrghiy  ngid  compoiite  maienels  ir>  aircraft 
itructures  penicuieriy  engine  structures  it  examined  A deiailad 
-tview  was  made  of  the  use  of  reinforced  boron  and  cerbor^ 
filernentt  A comparison  wsi  also  made  of  the  fatigue  life  of 
the  two  materials  Tr«nsi  by  E H w 


N73-2748B*  National  Aefonautict  and  Space  Administration 
Langley  Research  Center  Langley  Station  Va 

ARRUCAT:ON  OF  COMPOSITES  TO  THE  SELECTIVE 
REINI-ORCEMENT  OF  METALLIC  AEROSPACE  STRUC- 
TUBES 

W A Brooks  Jr  E E Maihajser.  and  R A Pnde  /n  AGARD 
Impact  of  Composite  Mater  on  Aerospace  Vehicles  end  Propuiii&n 
Sysiertis  May  1973  16  p 10*5  'For  availability  see  N73  27474 

18  18f 
CSCL  IID 

The  use  of  composite  materials  to  se'ectiveiy  reinforce  metallic 
'uciu'es  provides  e low  cost  way  to  reduce  weight  and  a means 
•»'  mjr.i:,ii|ing  the  nsKs  usually  aftocated  with  (he  introduction 
of  new  materials  An  overview  is  presented  of  the  NASA 
Rnsearch  Center  programs  to  identify  the  edvenieges 
and  to  develop  the  potential  of  the  selective  reinforcement 
approach  to  the  use  of  composites  These  programs  have  shown 
that  Selective  'emlorcerntni  provides  UKCellent  strength  and 
stiffness  improvements  lo  metallic  structures  Significant  weight 
savings  can  be  obtained  m a cost  effective  manner  Flight  teoince 
prog.an.s  which  have  been  initiated  to  validate  further  the  menls 
of  selective  reinforcement  are  desc  <bed  Author 


N73  27406  Technische  Univeisitaet  Brunswick  4«yest  Germany) 
lost  fue>  Ftugingybau  und  Leichtbau 

EXRF.RIENCE  WITH  COMPOSITES  AS  OBTAINED  FROM 
GLIDERS 

/V  f Thielerr^ann  In  AOARO  Impact  of  Composite  Mater  on 
Aerospace  Vehicles  end  Propulsion  Systems  May  1973  7 p 

(For  availability  see  -N73  27474  16  iB* 

A survey  iS  given  of  the  design  and  mari-jfacture  of  gliders 
uting  gleet  fiber  and  carbon  fiber  lemforced  plastic  composites 
for  p*'"*C'V  Tnp  iwf;  m<jif.  p cIvantagF-'S  MteO  are  il) 

the  possibility  of  gelling  very  smoot'i  S'j  ’aLCs  (■)  lug''  ae‘-7  lyne'f''C 
qui-«ty  and  *2'  the  poss'b'i'ly  of  •f(J>j'‘i»ig  thr*  laljncr  lion  cosis 
by  producing  large  "tegret  st'urturcs  insloa*:  uf  assemuimg  many 
prelabricated  niQiaihc  sir«.-  tjrai  'Ji'in-h.  lh«  MA^ign  jlfctitems 
Structural  prublems  end  i 9'bj»  -ii^i.  ,e  test  do!  ' 'o'  '6.;  lo«ced 
plastic  construction  arc  reporte  l Author 
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N73-274«T  Army  Air  Mobility  Research  end  Development  Lab. 
Fort  Eustit.  Ve  Structures  0>v 

ADVANCES  IN  BAtLlSTlCAUY  TOLERANT  FLIGHT 

controls 

I E FiQ^e  Sr  In  AGARD  Impact  CoTipcsite  Mater  on 
Aerospace  Vehicles  and  Propulsion  Systems  M.-.y  1973  8 p 

lefs  (Fo*  aveiiebiiiry  see  N73-27474  l8  18j 

Combat  data  indicate  that  helicopter  flight  control  ccmporre.its 
ere  •'tceptionally  vulnerable  to  catasirophic  fuiiur^  upon  ballistic 
iropecl  The  ballistic  tolerance  approach  which  is  to  design  the 
critical  components  to  function  after  oaliistic  perietraiion  offers 
• eduiion  to  redu"'  /uinerabihiy  Studies  have  shown  that  th<s 
approach  can  virtually  eliminate  caiasi'ophic  failure  while 
achiovir>g  substantial  we-ghi  saving  and  reduced  production  co^ts 
Limited  date  indicate  th.,  approach  is  also  adaptable  to  (light 
control  bearings  and  attachments  Venimy  was  found  fo  reduce 
the  damage  on  the  exit  side  of  smdwich  structures  jnd  presiotimg 
was  found  to  prevent  deiam  r aiion  of  the  exit  face  in  the  a-'ea 
of  impact  Author 

N73-2748B  Royal  AircraP  Establishment  Farnbo'ouyh  i^ngiandi 
Structures  Dept 

INSTABILITY  OF  LAMINATED  COMPOSITE  PLATES 
G 2 Hiffis  /n  AGARO  Impact  oI  Composite  Msier  on  Ae/ospace 
VehiciM  end  Propulnon  Sysiemi.  May  1973  19  p tela  .fo/ 

availability  see  N73-27474  l8-t6i 

•he  response  cf  general  Kmnated  plates  to  applied  loading 
e iDits  a coupling  between  bendmg  end  exiensionai  modes  o' 
oe<ormeiion  Such  a larnmaie  wilt  for  example  undergo  a bendin-^ 
raspenie  when  load  i$  applied  .n  tne  plane  of  me  lammatrt 
Such  coupling  may  be  significant  when  shear  or  compressive 
load!  are  applied  m-piane  imce  the  additional  deformation  mowes 
may  reduce  the  buckimg  load  or  affect  the  post  bucki.ng  stiffness 
of  the  laminate  The  rjretent  paper  cons'de's  the  sitf'r^ess 
'mrr.sd  v.tely  after  buckling  of  two  types  of  par'el  y hich  undergo 
h'f'.'":i.V'Onjl  hiji^SliA^  The  fust  '■less  nf  nnAel  rnA^idere-S  one 
of  ei.gie-piy  type  A soiution  is  dr-'-ved  fo-  ih«  ictiai  uuckiiog  uf 
a rectangular  panel  to  which  is  ai^^hed  a constant  end  displace 
ment  The  pre-bucklmg  response  'S  one  which  exhibits  no  out 
of  plan#  displacements,  although  the  miiiai  buckling  load  is  affected 
by  the  existence  of  Out  of  plane  coupling  Tno  second  ciass  of 
panel  It  of  cross-ply  type  the  buCklmg  loads  being  deuved  fO' 
a long  parie'  having  a consiar^t  strain  edge  member  and  subiecied 
to  end  load  Author 

N73  27489  Royal  Metheriands  Aircraft  factories  Fokker 
Schiphol-Oost 

DESIGN  AND  MANUFACTURING  ASPECTS  OF  COM 
POSITC  MATERIALS  WITH  ORGANIC  MATRICES  FOR 
APPLICATION  AT  HIGH  TEMPERATURES 

J J Cools  In  AGARO  Impact  of  Composite  .Mater  on  Aarpspacr 
Vehicles  and  Propulsion  Systems  May  1973  IS  p refs  :For 
aveiiab'iiiy  see  N73  27474  13  I8i 

Some  design  and  manufartufing  asperts  are  o'eser>tei  o( 
the  mixed  structure  coricept  wti'cti  was  deveiotreti  fo'  dtipiK'.ai'on 
in  aerospace  structures  subjectert  to  high  temperatures  in  this 
cortcepi  a mM  composite  motenai  with  an  organic  mairix  is 
lemineied  between  meiafi'C  faces  to  comfj.nr  s.niuttarieousiv  the 
favorable  features  of  bptn  types  of  niateriais  Tr-.».  mm 
mate'iai  is  me  mam  load  carrynnj  cump^joeni  Tne  'i»cijiiu.  fa*  es 
protect  Iho  organic  matni  nyair.sl  t^xi'Jai'On  au  at  *•  gn 
lerrpefalures  piov.de  an  cici.trit  «|M,  oonOu-.i.ve  su'fa.-.e  of  'tie 
Structure  ar'u  coninbuie  to  stab'ii/ati.'jn  agamst  tiiicSim;)  The 
mixed  s’fjcture  concept  r.ari  also  be  appiieo  to  aurospacp 
strucl'jies  subjected  to  norma!  operating  lerrpr.-.aiuies  Author 

N73  27490  National  Gav  Tufb»riF  tMaui.'imurMt  PyesiucS 
(Englandl 

A LIMITED  REVIEW  Of  THE  APPLICATION  OF  ADVANCEO 
FIBROUS  COMPOSITES  TO  AERO  GAS  TURBINE  EN 
0INE8 

A vV  h Mums  in  AC  ARO  l.f.ptfCt  of  Co.T;posilo  Mate.'  or. 
Aeroepece  Vehic'ei  and  propulsion  Systems  May  1973  16  p 

ref|  (For  evaiiebiiity  see  N73-27474  18  lBl 

cscL  no 

A review  of  f<be.'  remforced  composite  rnaterisi  relevant  to 


jero  gee  lurbme  engine  eppheetton  is  presented  (or  systems 
tkOth  ^ommercraliy  available  and  proiected  Emphasis  has  been 
p«eced  on  those  mechemcel  property  requirements  er>d  febnee- 
tion  problems  which  ere  peculiar  to  gee  stream  corhponenti 
Although  high  strength  and  high  elestrc  modulus  composites 
ere  eveiiebie  >h  organic  end  irKjrgenic  matrices  for  low  ternpereturu 
application,  these  mstenais  exhibit  extremely  poor  impact  and 
erosion  characteristics  which  may  limit  use  where  foreign  object 
damage  is  prevalent  Several  engineering  solutions  to  the  problem 
ere  discussed  The  application  of  composites  m the  high 
tempersture  turbine  stage  fist  diHicuities  such  as  fiber  stability 
e.nd  thermal  fatigue  end  <s  considered  to  be  very  irnprectical 
The  development  of  directionally  solidified  eutectics  which  cer^ 
loosely  be  descMbed  as  composites  offers  more  encouragement 
ee  the  next  gene’Stion  turbine  material  Author 

N73  27491*  National  Aeronautics  and  Space  Administration 
Lewis  Research  Center  Cleveland  Ohio 

material  and  structural  studies  of  metal  and 

POLYMER  MATRIX  COMPOSITES 

Roben  A Signorelli.  Tno  T Serafmi.  and  Robert  H Johns  In 
AGARO  Impact  ol  Composite  Mater  on  Aerospace  Vehicles 
end  Propulsion  Systems  May  1973  16  p lels  (For  evailabilif, 

see  N73  27474  IR  tg. 

Fiber  reinforced  composites  and  design  analysis  methods  fo> 
these  -Materials  are  bemg  developed  because  of  the  vast  potential 
ol  . c nposites  fo'  decrees  g weight  and  or  increasing  use 
*emv^e-atuie  capabiiiiy  m aerospace  systems  These  composites 
have  potential  for  use  m airbreatnmg  er.qme  components  as 
well  as  aeronautical  and  space  vehicle  st'  ictures  Refractory 
wire  iuperalioy  con.posites  fO'  use  up  to  22iX7  F or  rnore  and 
metal  mat'ix  composites  lor  lower  lempe  atu'e  applications  such 
as  aerospace  structures  and  lurbojet  fan  tnd  compressor  blades 
are  uhder  mvesiigaiion  and  are  discussed  The  development  of 
a l^umber  of  resm  systems  including  polyimides  Ci.d 
pniynhunvioumoxaimes  is  described  and  the*'  poteonai  for  use 
et  tempeiaiures  approaching  315  C (6C>0  F»  ts  indicated  Vsnous 
molecular  modifications  thai  improve  processability  and.’or 
increase  thermal  and  oxidative  resistance  of  the  resms  are  also 
described  Stiuciurai  analysis  methods  are  discussed  for 
determining  the  stresses  and  deformahor^s  m complex  composite 
systems  Considerahon  is  also  given  10  residual  stresses  resulting 
from  the  curing  process  and  to  the  foreign  obfocl  damage  problem 
tn  Ian  blade  applications  Author 

N?3^7492  0 fficc  National  d Etudes  ot  Oe  Recherches 

Aerospatiaies  Pans  (France) 

EUABORATION  OF  REFRACTORY  COMPUSITE  MATERIALS 
BY  DIRECTIONAL  SOLIDIFICATION  {ELABORATION  DE 
MATERIAUX  COMPOSITES  REFRACTAIRE55  SO'JD'P 
ICmTICN  orienteei 

Maufce  ElGammal  in  AGARO  Impact  of  Composite  Mater  .:)n 
Aerospace  vehicles  ano  PropuiS'on  Sysiemi  Way  *973  *0  u 

refs  In  FRENCH  ENGLISH  summary  (For  availobiliiy  see 
N73  27474  18  iSl 

The  p.-iociples  of  directional  solidifical«on  lot  producii.g 
lemeilar  and  hbrous  composite  materials  Ifom  eutecoc  alloys 
are  discussed  Some  pseudo  binary  eutectics  and  more  complex 
alloys  a>e  compared  lor  high  mechanical  strength  at  elevated 
lemperauiies  The  pfopc>lies  of  the.f  materials  are  outlined  m 
order  t‘»  determine  me  use  lof  tu'bine  tiiadev  and  vanes  Problems 
involved  in  the  application  of  the  comoos.ie  materials  are 
presented  Author 

N73  27493  General  Electric  Co.  Cincinnati  Ohio 

DIRECTIONALLY  SOLIDIFIED  EUTECTICS  IN  GAS  TUR'^INE 
DESIGN 

L P Jahnkc  H J Brands  and  G 0 Ox*  Jr  in  AGARO 
Impact  of  f.'oniposite  Mater  on  Aorospace  Vehicles  and  PropulS'On 
Systems  May  1973  9 p refs  Fo'  dvdilab'hty  see  N73  274/4 

18  18) 

Comr>r»x«i*  xi  r i ir  i,,r  px  ronxistmij  of  high  Strength  fibers  or 
plates  in  ductile  matrices  witii  Outstanding  high  temperature 
properties  are  achievable  ir^  direcbonaiiy  solidified  eutectics  This 
new  dets  of  materials  represents  a rnajor  innovation  m gas 
turbine  blade  technology  The  advantages  and  limitations  of  the 
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two  fTK>r«  promirng  •ultctict  lYttimt  tnd  th«  relationship  of 
prooartios  to  turthna  Oitd#  Oatign  is  discussad  Inoovationt 
in  dasi^n  and  forihar  proparly  improvamams  will  ba  ragorad  to 
succassfullv  aipioit  thasa  matarials  m angina  hardwara  it  is 
concludad  that  tha  payoH  ot*arad  by  this  tachnotogy  fully  lustifias 
a maior  mvastmant  of  rasouicss  to  achiava  a practical  lyatam 

Author 

N73-274S4  Motoran  uod  Turbmsn-Union  Muarvehan  G rn  b H 
(West  Garmany) 

CUTECTIC  AUOYt  WITH  01  SECTIONAL  80U0IEICA* 
TION.  STUOY  ON  THEIM  USE  FOR  TUAftlNE  BLADEt 

c17 

H HuH  and  W Bati  In  AGARO  Impact  of  Composita  Matar 
on  Aarospaca  Vahiclts  ar>d  Propulsion  Systams  May  1973 
6 p refs  (For  availability  sa«  N73  27474  18-18) 

Tha  principle  of  directional  soiidif.cation  of  eutectic  alloys  «s 
briefi/  shown  and  the  infiue<>ce  of  ternperature  gradier^t 
solidification  rate  and  impurities  is  desenbad  Usmg  a list  of  the 
most  important  damirids  on  turbme  blade  materials  the  merits 
arKf  damarits  Of  direciionally  solidified  eutectics  for  this  purpose 
are  discussad  it  seems  that  there  are  good  chances  for  uniiimg 
this  compound  material  for  gas  turbmes  There  wiH  be  however 
a lot  of  fuHher  investigations  necessary  especially  with  respect 
to  casting  technology  Author 

N73-27498  Rolls  Royce  Ltd  Bristol  (England)  Engine  Oiv 
POTENTIAL  USE  OF  COMPCSITE  MATERIALS  FOR  GAS 
TURBINE  STATIC  STRUCTURES 

J W Sharp  and  L 6a^et^•to  (Fiai  SPA)  in  AGARO  impact 
of  Composite  Mater  on  Aerospace  Vehicles  and  Propulsion 
Systems  May  1973  14  p refs  (f or  avai'ad'iity  see  N73  2 7474 

18  18) 

'^he  applications  of  composite  materials  on  a number  ol 
static  gas  turbine  components  '*nd  assessment  of  these 
component?  h0v«  shnyyn  that  thev  Can  be  made  lighter  than 
their  metal  dasign  eguivaiani  Cost  savings  m some  cases  coutd 
also  be  eapected  although  some  improved  manufacturing 
tachmgues  ere  nacetsary  Tiie  ma<enais  considered  are  primarily 
giass  and  carbon  fibe*  reinforced  structures  with  a wortnng 
temperature  up  to  260  C Eiperience  with  such  composite 
structures  are  reviewed  including  failures  and  successes  Author 

N73-274B8  Sociele  Nahonale  d Etude  ei  de  Construction  oe 
Moieurs  d Aviation  Corbeii  (F  snee) 

APPLICATION  OF  THE  BASfc  COMPOSITES  OF  CARBON 
FIBERS  AND  BORON  WIRE  TO  COMPRESSOR  BLADES 
lAPPLlCATlON  OE  COMPOSITES  A BASE  OE  FIBRES  OF 
CARBONE  ET  OE  FILS  OE  SORE  AUX  AU6ES  OE 
COMPRESSEUHt 

9 •.•«roD  and  R Chevalier  In  AGARO  Impact  of  Composite 

Mater  on  Aerosnace  vehicles  Ji'd  Prupuisijn  System?  May 
1973  8 p In  FRENCH  tFor  avaiiabilily  see  N/j  27474  «3  '3i 

A critical  summary  was  rr.ade  of  the  fabrication  o-  compressor 
bierfes  from  metallic  composites  The  mechanical  resistance 
vibration  chaiacterisbcs  fatigue  and  erosion  properties  of  cartion 
epoxy  boron  epoxy  boron  aiur-'inum  composite  blades  were 
exarmned  Performance  tests  res  ms  are  given  m tables 

T ransi  by  (.  H vV 

N73  27497  Au  Force  Aero  Propulsion  Lab  Wrigtii  Patter<ori 
Af6  Ohio 

FATIGUE  TOLGRANCE  OF  DAMAGED  METAL  COMPOSITE 
BLADING 

T J Norbut  In  AGARO  Impact  of  Composite  Mater  on  Aerospare 
Vehic' -S  and  Propulsion  Sys’yms  May  1973  10  p refs  If  Of 

availability  see  N73  27474  10  IBi 

The  Successful  exploitation  of  ihe  lightweight  high  specific 
strength  and  modulus  features  of  metal  malrii  ca"MinSile  Sy^-rrns 

10  turbine  engine  bladmg  'eats  heavily  on  the  realistic  asses. n ^nt 

of  the  materials  inherent  tolerance  to  suatam  darria>;e  fron^ 
fp.’Mgr.  cb(CCti  ;r.gc;tcd  t;o  the  eng-'-e  ,,t  tf>r*ioi» 

ob|?Cl  debris  typically  contained  m n-niiiary  and  commercal  engine 
tpecificitioni  s summanred  to  obtain  a p**rspeclive  of  the  det^na 
cheiectensbcs  e turbine  engir^e  it  expected  to  mgett  end  reiiatMy 
toleiaie  The  scope  of  ihese  tpecificanons  served  as  the  betit 


lor  the  deveiopmont  of  e demeg*  timulation  technique  to<  e 
epeciltc  ciets  of  foreign  ob|#ct  debnt  403  ttemiets  steel  end  Ti 
6AI  4V  bledet  damaged  with  this  technique  were  compered  lo 
typical  field  damage  Medea  end  found  to  correlate  fevoreMy 
The  technique  wet  tubeequentiy  utiheed  lo  damage  lepreaentetive 
Boron/ Aluminum  eirfoil  tpeiiment  for  eveluetion  of  fetigue 
strength  degradation  effeett  It  wet  conHuded  that  Boron/ 
Aluminum  co  ate  seed  e contiderebiy  lower  rtotch  eenaittvrty  in 
high  cycle  fatigue  when  compered  to  the  notched  fatigue 
cherectenaiira  of  homogeneous  blade  metenala  Author 

N73-2749B  Pratt  end  Whitney  AircreN.  Eeat  Hartford.  Conn 
OORON  POLYIMIOE  REINFORCED  TITANIUM  FAN  OIBKB 
Hene  Stergerdter  gnd  K$r1  Jekobeen  /n  AGARO  Impact  of 
Compoaiie  Meter  on  Aeroepece  Vehtclea  end  Propula«pn  Sytteme 
May  1973  10  p (^or  availability  tee  N73-27474  18-16) 

The  design  febrication.  and  testing  of  boron-polyimide 
reinforced  titanium  f^n  disics  having  a temperature  capability  of 
BOO  F ere  described  The  high  modulus  ertd  low  density  of  this 
matenei  ellovir  for  a redesign  of  the  fen  disk  'vith  a reduction  m 
weight  of  36%  compered  to  the  conventional  design  Proceeemg 
techniques  involving  filament  winding  end  resin  curing  were 
developed  cn  10  inch  diameter  hoops  Two  fuiiscele  disks  were 
febnceied  end  evaluated  through  spin  testing  to  600  F Author 

N73  27499  Societe  Netionale  d Etude  et  de  Construction  de 
Moteuis  d Aviation.  Vilieroche  (Frence)  Dept  ResisterKe  des 
Meterisux 

STUDY  OF  DISK  BINDING  CF  COMPRESSORS  BY  BABE 
COMPOSITES  OF  30R0N  WIRE  (ETUDE  DU  FRETiAOE 
DES  OISOUES  OE  COMPRIBSEUR  PAR  DES  COMPOSITES 
A BASE  DE  FIL  OE  SORE) 

Claude  Stoit;  In  AGARO  Impact  of  Composite  Meter  on 
Aerospare  Vehicles  end  Propulsion  Systems  May  1973  8 p 

In  FRENCH  (For  availability  see  N73  274/4  18  18) 

A meoreiicai  study  was  meiie  vf  Ibe  gviieia!  piiMCipfes  of 
btf>ding  compressor  disks  with  boron  composites  Date  cover 
possible  weight  reduebons  and  peripheral  spoed  eugmentetiori 
Crack  end  endurance  tests  are  also  made  The  results  ere 
compered  with  predictions  TransI  by  E M W 


N73-27600  Arrr.y  Missile  Command  Redstone  Arsenel.  Ale 
FAILURE  analysis  OF  A FIBER  RkINFORCEO  COM 
POSITE  MOTOR  CASE  USING  DISTORTlONAL  ENERGY 
AND  MAXIMUM  STRAIN  THEORIES  OF  FAILURE 
Richard  J Thon.pjon  John  W Sotleris.  end  Charles  M Eidndge 
In  AGAPD  Impe  ol  CUjmposite  Meier  on  Aerospace  Vehicles 
and  Propoisicn  Systems  May  1973  3 p refs  (For  eviilebrlity 

see  N73  27474  18  18) 

A method  of  determining  the  failure  condition  of  fiber 
reinforced  composite  '.t  uciure  is  eilenOeO  (or  eppiiueiivn  to  an 
actual  design  and  analysis  proMem  The  original  method  uses 
the  distorlional  energy  end  maximum  slre*n  theories  of  fe'lore 
A finite  c:*jrneoi  st'ess  enelysis  program  was  rrodified  for 
application  to  fibe'  composites  This  worx  extends  the  failure 
program  to  include  hehcel  lubes  The  method  of  calculation  of 
wrap  angle  is  aiiered  after  hrsi  stage  yieidmg  as  pressure 
increments  are  increased  Provision  was  made  lo  eutomeiiceHy 
update  the  displacement  field  Alter  each  loading  increment,  the 
displacement  field  is  calculated  and  the  new  veiues  ere  added 
to  the  oUl  ones  Author 
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lrKlud«s  chmatolOQY  vv«*th«r  for«c*sttng  v<«ibiltty 

For  r«l«t«d  infcrm«tK>n  also  13  0*Cphyft>cs 
«rK]  30  Space  Sciences 


Advisory  Group  for  AerOSpiCi  Resecrch  •n'l 
Otveiopmem  Per>t  (Frencei 

A SUMMARY  OF  ATMOSPHERIC  TURBULENCE  RE 
COROEO  BY  NATO  AIRCRAFT 

Cyril  G Peckherr^  iTechnoiogy.  me.  Oeyton.  0^■o)  Sep  1971 

133  p reft 

• Conirec*  AGARO  OTAN  lMP  47<66) 

.A0AR0  A 6S6  71  UOC-561  661  51  Avan  NTiS 

A aurnmery  end  a>*>alytiB  Of  flight -meaaurad  Cumglativa 
acceleration  d>atribut>on«  due  to  atmoaphenc  turbulence  are 
praaented  Data  from  37  different  aircraft  wee  procetaed  A 
deacripiior^  of  the  recording  ayatama  and  ina  metnoda  of  daia 
procaaaing  la  givan  The  powar  apactrai  dartaity  mairioda  to 
oarive  Quit  veiocitiea  <a  dataiiad  Author 

N72-21690#  Advteory  Group  for  Aeroapace  Reaearcfi  aod 
Odvefopment.  Paria  (FrarKe) 

AflMOSPHERlC  POLLUTION  BY  AIRCRAFT  ENGINES  AND 
FUELS.  A SURVEY 

Robert  F Sewyar  (Celif  Unrv  Berkeley)  Msi  1972  40  p reft 
(AGAt.  AR-40)  Avail  NTIS 

A 'AirvOy  of  atmospheric  f.ollution  t^y  aircreft  ertgtnoa. 
aiicraR  fuels,  and  rafated  reaearen  work  was  condiKned  among 
several  Europaan  natrons  and  tha  Urtited  State*  Twenty  seven 
current  or  potential  problem  areas  are  described  Of  these  araaa. 
the  five  mos!  presairvj  are  111  enome  emiasKXt  charactertatici. 
i2)  lett  pMcedures.  13)  nitnc  onde  formation,  <4)  carbon 
monoiide  aod  hydrocarboni  at  low  powar.  and  (S)  affect  of  high 
altitude  emissions  It  was  recommended  that  research  be 
eiYcouraged  m all  27  areas  although  m some  caaas  only  a batter 
definition  of  the  nature  of  the  problem  as  opposed  to  a solution 
may  be  required  A selected  but  exienstve  bibliography  is 
provided  in  the  appendm  Author 

N7414271#  Advisory  Group  lor  Aerospace  Research  ar^<i 
Oevaiopment  Pans  (France) 

ATMOSPHERIC  POLLUTION  BY  AIRCRAFT  ENGINES 

Sep  1973  405  o refs  Mostly  m ENGLISH  partly  m FRENCH 
Conf  h«id  a(  London  9 13  Apr  1973 
tAGAROCP  l25i  Avail  NTIS  HC  $22  2b 

The  proceedings  of  a conference  on  (he  effects  of  aircraft 
engines  o'.  aimosphe'»c  pollution  are  presenied  The  impact  of 
rniliiarY  and  civ'lian  aircraft  operations  on  potiution  levels  are 
compared  with  the  pollution  lrorr>  other  sources  The  subiecis 
stresserj  are  (1)  ehecls  of  pollution  at  very  high  aliiludes  i?i 
effects  o*  pollution  r ear  airports,  and  i3i  methods  for  reduction 
of  pollutant  production  m combustion  processes  and  m engines 
A review  of  the  physiological  effects  of  an  pollution  is  included 
for  individual  tifles  see  N74  14772  through  N74  1430C 

N74  14272*  New  -tik  U nv  NT  Dept  of  Aeronautics  and 
Astronautics 

REDUCTION  OF  NO  FORMATIONS  BY  PREMIXING 

Antonio  ^ern  /n  AG/RO  Atmospheric  PoMution  by  Ancrafl 
Eogtnao  Sep  1973  10  p ref  iFor  avaiiabifitv  see  N74  ' 42  7 1 

06  20' 

(Grant  NGR  33  0i6  131' 

The  effects  ol  e*haust  gases  liom  supersonic  lians»x;rt  ai'C'sh 
on  the  eouil'brium  of  the  sliaiosphere  a'«  discusseri  A method 
for  reducing  the  amount  of  nitrogen  ojndes  generated  by  the 
engines  of  supersonic  transports  is  describes  The  e^gme 
requirements  tor  me  lu'DOjei  engmes  of  t'«« 

aircraft  are  defined  The  design  of  combusfion  chambers  to 
provide  premixed  flames  and  the  ihermodynamir,  properties  of 
nremnecJ  flames  are  analvyecJ  Charts  are  deveicjped  to  show 
the  isotherrms  of  the  ignited  mutures  for  various  conditions  and 
the  niass  fraction  of  niuogen  oxide  along  selected  streamlines 

Author 


N74  14273  Oapanmant  of  Transportaiion  Washington  OL 
UNITED  STATES  DEPARTMENT  OF  TRANSPORTATION 
RESEARCH  PROGRAM  eOR  HIGH  ALTITUDE  POLLUTION 
Alan  J Grobacker  /n  AQARO  Atmospheric  Pollution  by  Aircrah 
Engines  Sep  1973  13  p refs  (For  availability  see  N74  1427  1 

05  201 

A review  of  a United  States  program  to  provKSe  an  assessment 
bv  1974  of  the  impact  on  man  plants  and  animals  cf  chrnatic 
change^  due  to  parturbations  of  the  upper  atmosphere  by  the 
propulsion  effluents  o*  a world  h.gh  altitude  aircraft  fleet  as 
protected  (o  1990  is  presented  Some  physical  considerations 
which  must  be  taken  into  account  in  this  program  are  de 
scribed  including  represeritd*ions  of  ihe  stratosphere  m us 
unperturbed  state  of  the  effluents  of  vehicles  expected  <n  1990 
of  the  perturbed  stratosphere  of  1990  of  the  (>eriurbed 
ircposi'fiere  of  1990  and  2020  of  the  effects  of  climatic  changes 
on  the  biosphere  and  ol  social  and  economic  measures  of  these 
biological  elferts  Author 

N74  14274  C,  fo.nia  Uniy  Berkeley  Dept  of  Chemistry 
REACTION  OF  020NE  WITH  NITROGEN  OXIDES  AT  HIGH 
ALTITUDES 

Harold  S Johnston  and  Gary  Whitten  /n  AGaRO  Aimosphenr 
PoHufion  by  Aircrah  Engines  Sep  1973  13  p refs  Sponsored 

by  DOT  iFor  avaiidtiiiry  see  N74  1427  1 06  20i 

Oione  formation  m (he  stratosphere  by  the  dissociation  of 
oxygen  by  ultraviolet  radiahon  below  242  nm  is  discussed  0/ore 
IS  removed  from  the  stratosphere  by  *i)  the  reaction  o(  oiygen 
atoms  and  o;one  t2)  by  transport  to  the  iroposphere  i3)  by 
catalytic  reactions  w>rh  tree  radicals  based  on  water  an  - t4i  py 
catalytic  reachons  with  ihe  ondes  ol  nitrogen  The  most  imponari 
factor  n the  natural  removal  of  siraiosphanc  ozone  appears  n 
be  cat  iiybc  cycles  based  on  the  oxides  of  nitrogen  The  neturil 
'.ou'ce  s?r#ngih  h»x,  b#en  rainiUi^d  hv  three  different  invesiiqa 
tors  There  •%  dboul  d factor  of  four  uncertainty  in  the  nalu'd' 
rate  of  miirttion  of  niinc  oxide  10  ihf  stratosphere  There  is 
about  a fdc.or  of  four  uncertainty  m the  calculated  rate  of 
introduction  ol  nitr.'-  oxide  m the  Siraiosphere  from  full  sc*io 
operaifon  of  supersonic  irar*sports  of  current  and  pest  designs 
Wiihi-i  these  two  ranges  of  uncertainty,  500  supersonic 
transports  would  introduce  nitnc  oxide  m the  stratosphere  at  a 
rate  comparable  to  the  known  r^aiural  sources  Author 

N74  14275  Meteorological  Office  (Gt  0rit  ) 

NITROGEN  OXIDES.  NUCLEAR  WEAPON  TESTING. 
CONCORDE  AND  STRATOSPHERIC  OZONE 
P joidsmitfi  A F Tuck  J S Foot  E L Simmons  and  R L 
NeYvson  frj  AGARD  Aimospheric  Pollution  l>y  Aircraft  Engines 
Sep  1973  16  p re's  '*^or  availability  see  N74  I427  i 06  20) 

The  aitenuat'c'-  of  t- e earth  s ozone  shield  and  ar^  increase 

II*  ii* . u.irayiv/*^;  •v.jjidtion  .ejc.-ng  the  piansia'y  s'jrtjrA  berx<ix« 

of  ui'craft  engine  exhaust  product'.,  is  examined  It  is  staled  that 
insufficient  mve.>tiQaiion  has  t>een  made  of  the  effects  of  radiation 
phoiochen-istry  and  atmospheric  circulation  on  the  ozone  content 
The  -nifoduc'.ion  of  nitrogen  oxides  mio  the  stratosphere  through 
nuclear  tpsti  »s  compared  with  ihe  arnounl  expected  from  aimraft 
oper<»i'ons  Emphasis  IS  placed  on  the  chemica'  kinetics  of  heated 
air  IhecFemicai  process-s  used  m calculating  the  nitrogen  oxide 
giroduciio  ' in  ihe  hot  a-r  masses  created  by  the  nuclear  shock 
wdv^  arc*  »r'jiy/cd  Author 

N74  'i427t,  Pratt  and  Whitney  Aircraft  East  Ha-tford  Conn 
DETAILED  EXHAUST  EMISSION  MEASUREMENTS  OF 
THREE  DIFFERENT  TUR60FAN  ENGINE  DESIGNS 
A W Nols(>'»  /'•  AGARD  Alrnospfienc  Pollution  by  Aircraft 
Ef»qines  Sep  1973  13  p »efs  (For  avr'iiabihiy  see  N74  14271 

06  20- 

A senes  of  test  programs  was  conducied  to  better  define 
the  exhav*  -i  emission  ijharaclC'istics  of  three  different  aucrah 
<>nuine  models  the  JT3D  a low  bypass  ratro  lurbofan  engine 
the  JT90  a mixed  firrw  lurbofar^  engine  and  the  JT90  a high 
oypass  ra'io  lij'bofdn  ei'hine  Special  investigations  were 
..of'ducter!  on  the  .)T3D  and  JT9D  engi-ies  to  investigate  inlet 
l*»mpe-'a'.ure  «jnd  humidity  effects  Analysis  of  these  data 
s ippiemer^te')  with  prr-viousiy  obtairie'J  data  ■r'  to  increase 

P*e  raripe  of  variatiles  mvest'n»»crl  jTor  the  mmed  flow  JT8D 
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•o^me  were  conducted  ueir>^  tn  en^irw  esoociAlty 

mod><»«d  to  physicatlv  th«  feo  end  core  «tngm«  etieems 

ftO  tttftt  true  undiluted  emiesion  rreesure<rier\ts  could  be  obtained 
Three  diMerent  methods  were  used  to  eveiueta  the  errirsttor. 
levels  of  each  engme  model  multipoint  ratte.  eihaust  case  pressure 
p'Obes  er'd  super  deteiiel  traversing  Analysis  of  the  latter  method 
preduced  highly  refined  contour  plots  of  CO  ar>d  NOX 

emission  footprints  as  well  as  tihaosi  temperature  and  pressure 
variaiioof  at  the  plane  of  the  tailpipe  The  everege  emission 
levels  obtained  by  eacii  of  the  three  meesuremeni  methods  are 
compered  Author 

N74  *4277  Bonn  Univ  (West  Germany)  Inst  luer  Phytikalische 
Chemie 

PHOTO  OXIDATION  OF  AIRCPAFT  CNQINC  fMlSfilONS 
AT  LOW  AND  HIGH  ALTITUDES 

K M Beefier  end  U Schurath  /n  AGARO  Atrnospheric  Po-uiion 
by  Aircraft  Ln9ir>es  Sep  ^973  9 p reis  (For  availability  see 

N74  1427  1 05  20» 

The  mechanism  of  photochemical  smog  formation  is  an 
ammed  The  applicability  of  photochemical  smog  formation  to 
aircraft  emissions  is  described  It  is  concluded  that  photo  omdation 
mechanisms  ol  poMulants  from  aircraft  ■'rrd  other  sou'cas  in  the 
troposphere  undeigo  fundamental  changes  w th  altitude  radical 
and  atom  reactions  and  probably  reactions  of  me:asfebie  oxygen 
molecules  becoming  more  important  in  the  colder  regions  of 
the  troposphe'e  Serious  coniammaf  on  of  the  troposphere  by 
aircraft  IS  not  expected  beceuse  the  residence  time  of  pollutants 
•s  short  compared  with  emissions  rales  Author 


N74-14278  Oslo  Univ  (Norway)  Inst  of  Geophysics 
effect  of  supersonic  TRANSPORT  UPON  THE  020NE 
LAYER.  STUOIEO  IN  A TWO  DIMENSIONAL  PHOTOCHCMI 
CA.  M JOEL  WITH  TRANSPORT 

F.gi,  Mes«tv*rit  irt  aGARO  Atmospheric  Pollution  by  Aircraft 
Engrnes  Sep  1973  8 p refs  (For  avaiiabiMy  tee  N74  142/1 
OS  20i 

A needy  stete  two  d mensional  mode)  of  the  stratospheric 
02on«  layer  is  presented  Photochemical  reactions  involving 
oxygen,  hydrogen,  and  -‘tfogen  are  considered  along  with  the 
effect  ol  a parameten/ed  two  dimensional  transpon  by  mean 
motion  and  py  eddies  A perameierited  mendionei  distribution 
of  NOx  IS  aoplied  computed  from  one  dimensional  models  The 
mode'  IS  m fair  agreement  with  observed  oeone  data  The  reduction 
of  ojone  from  emission  of  NO*  from  supersonic  aircrah  »s  studied 
assuming  a fleet  of  200  aircraft  fiymg  at  given  altitudes  and 
uniformly  distributed  over  the  globe  The  effect  is  found  to  depend 
critically  upoi.  the  flight  level  For  mid  latituJe  summer  the  o^one 
column  density  is  reduced  by  0*1%  for  a flight  level  ol  18  km 
For  flight  levels  23  Lm  and  20  km  «he  reduction  is  1 6%  and 
2 3%  respeclively  Accordingly,  the  increase  m (jV  radiation 
amounts  to  epp'uAiinaieiv  0 8%  3 and  4 <5%  fnr  the  vame 
flight  levels  Acthor 

N74  14279  Institui  d Aeronomie  Spatiale  de  Belgique  B'us 

self 

CHEMICAL  KINETIC  IN  THE  STRATOSPHERE 
G Brasseur  in  AGARD  Atmospheric  Pollution  by  Aircraft  Engines 
Sep  1973  13  p rels  iFor  availability  see  N/4  142/1  O5  20) 

The  production  of  otone  m the  stratosphere  by  phoiodissocia 
tion  of  molecular  oxvgen  is  discussed  The  specihc  chemical 
reactions  are  analysed  to  identify  the  components  involved  and 
the  reaction  kmetics  for  various  regions  cf  the  atmosphere  It  >s 
corvciuded  that  hydrogen  compounds  r)lay  a sign'Iicani  role  in 
the  formation  of  nitnc  acid  and  atmosohenc  chennicBi  reacnons 
musi  accoun'  for  the  formation  and  destruction  of  hydroxyl  and 
hydroperoxyl  adicals  Author 

N74-142B0  Deutsche  Forschungs  und  Versuchsanstalt  fuer 
Luft  und  Haumlalni  Stuttgad  (West  Germ^jnyl  Inst  fuer 
Reakiionskineiik 

A NEW  ANALYTICAL  TECHNIQUE  FOR  CONTINUOUS  NO 
DETECTION  IN  THE  RANGE  FROM  0 1 TO  5000  PPM 


H Meine!  end  Th  Just  in  AGARD  Atmospheric  Pollution  by 
Aircraft  Engines  Sep  1973  5 p reU  'For  a><3iiabiiity  see 

N74  14271  05  20) 

An  analyticsl  technique  for  the  ~oru  nuous  oetection  of 
Sfraii  amounts  of  nitrogen  oxide  is  described  The  process  'S 
applied  to  analy^rng  the  amount  of  nitrogen  oxides  m engine 
erhausi  gas«'<  A schematic  diagram  of  the  ultraviolet  resonance 
absorption  nitrogen  oxide  dete^'-tor  is  provided  it  is  staled  that 
m terms  vf  sensihvilv  the  new  method  <s  superior  to  conventional 
continuum  absorption  techniques  m rhe  ultraviolet  and  inlrarecl 
regions  by  a factor  of  ten  to  thirty  Author 

N?4  142B1  Br  isiol  Univ  lErtgland)  Dept  ol  Aeroriautical 

Ersgirsaermg 

PROBLEMS  OF  CHEMICAL  POLLUTION  BY  AIRCRAFT  THE 
AIRPORT  AND  ITS  IMMEDIATE  ENVIRONMENT 

T V Lawson  n AGARO  Atmospheric  Pollution  by  Aircraft 
Engines  Sep  i9/3  3 p (For  availabil>ty  see  N74  14271  05  20i 
The  chemical  pollution  ol  the  airport  and  its  environment  is 
discussed  It  cal's  for  a careful  study  of  all  surveys  so  that  the 
-nbuilt  implications  nl  the  model  are  obvious  and  it  concludes 
that  the  problems  ol  chemical  pollution  oy  the  aircraft  themselves 
are  small  It  suggests  tha*  much  more  progress  will  be  made  m 
attemp;s  to  reduce  pollut-on  around  Airports  by  concentrating 
upon  organirauons  other  the  engme  manufacturers  It  doses 
by  suggesting  that  authors  ol  technical  papers  be  encouraged 
to  supply  an  epilogue  m whicn  they  surnman/e  the  findings  of 
thei'  work  for  the  berielit  ol  the  lay  public  Author 

N74-14282  Warren  Spring  Lab  Stevenage  (England)  Air 
Pollution  Div 

RELATIVE  AIR  POLL  'TION  EMISSIONS  FROM  Aff 
AIRPORT  IN  THE  UK  AND  NEIGHBOURING  URBAN 
AREAS 

A W C Keddie  J Parker  and  G M ftobens  /n  AQARD 
Atmospheric  Pollution  by  Aircraft  Engines  Sep  1973  9 p 

.«fx  (Tv.  avdiiafc:!;!-,  cee  N74  I4?7i  OS  70> 

A»r  pollution  levels  at  Siansied  Airport  m leiaiicn  to  emissions 
from  four  ned'by  tuwris  are  discussed  Calculations  have  been 
mad**  of  polijuon  emissions  from  these  four  sources  and  also 
from  the  airpori  and  the  expected  contributions  from  these  sources 
at  three  local  sues  have  been  examined  These  values  are 
compared  with  actual  measurements  at  the  three  sites  Author 

N74-14283  Chemical  Defence  Experimental  EsiabiishmetM. 
Ponon  lEnglandi 

GROUND  CONTAMINATION  BY  FUEL  JETTISONED  FROM 
AIRCRAFT 

N L Cross  and  R G Pickneti  IN  AGARO  Atmospheric  Pollution 
by  Aifcrah  Engines  Sep  1973  9 p rels  (For  avadabilitv  see 

N74  1427  1 05  20r 

A study  of  the  piobiem  ol  ground  pollution  produced  by 
fuel  lettisoned  from  aircraft  under  emergency  litions  was 
conducted  1 he  iixeiy  si/e  distnUuliori  of  drops  , reed  when 
fuel  IS  letlisoned  is  examined  7l*e  propodiors  of  .isoned  fuel 
which  survive  evaporation  to  reach  jhe  ground  are  determined 
It  IS  slated  that  the  coniammahon  density  on  the  ground  depends 
on  atmospheric  stability  wind  speed,  and  direction  of  flight  relative 
to  wind  direction  Data  obtained  from  flight  tests  of  leliisoned 
fuel  are  preser^led  m tables  and  graphs  Author 

N/4-142B4  Air  Corpwrations  JonM  Medical  Service  (BF.A.'BOAC) 
Lor^don  {England) 

POLLUTION  LEVELS  AT  LONDON  (HEATHROW)  AIRPORT 
AND  METHODS  FOR  REDUCING  THEM 

O M Bruton  In  AGARD  Atmospheric  Pollution  by  Aircraft 
Engines  Sep  1973  6 p ref  (For  availability  see  N74  1427  1 

05  20) 

Exhaust  pollution  levels  at  Heathrow  Airpoh.  Loniio.i  England 
were  conducted  Medical  surveys  of  the  interior  of  buildings  were 
conducted  to  determine  pollution  levels  It  wes  determmed  that 
pollution  levels  are  below  those  of  rnany  urban  areas  and  do 
ret  10  represent  either  a Short  Of  long  range  haiard  tO 

health  Local  pollution  problems  constitute  a source  of  annoyance 
to  ground  personnel  employed  at  the  aupori  Methods  foi 
reducing  the  exhaust  fume  emission  by  vehicle  selection.  en£,me 
uining  and  maintenance  practices  are  recornmended  Author 


20  METEOROLOGY 


219 


► 

h 

i 


! 

i 


N74  142ttb  Naval  Posig^aduaia  School.  Monterey  Cai«f  Dept 
of  Aeronautics 

PCLLUTION  CONTROL  OF  AIRPORT  CNGINC  TCST 
FACILITIES 

0 L Baily  P W Tower,  arid  A t Fuhs  /n  AGARO  Atmospheric 
Pollution  by  Aircraft  Engmfs  Sep  19T3  32  p lefs  (For  availability 
see  N74-1427  1 C5  20) 

Engine  test  lecilities  are  requ:red  to  meet  the  same  environ- 
mental standards  as  any  other  industrial  facility  To  meet  the 
stanoerdr.  for  smoke  noise,  gaseous  pollutants  etc  control 
equipmani  must  be  installed  Due  to  large  mass  flow  rate*.*  the 
control  equipment  is  expensive  careful  attention  to  design  is 
f>ecessary  to  control  costs  Pollution  control  forces  new  constraints 
on  exhaust  stack  temperature  flow  undormity  and  pressure 
Conversely  installation  of  poHutiori  abatement  an^aratus  rr.ay 
cause  a&j* operdhng  conditions  such  as  distorted  flow  into 
the  engine  ar>d  wrong  augmentation  ratio  The  internal  ae-*o 
Oynamics  cf  engine  test  cells  must  be  mastered  to  a level  not 
possible  previously  Scale  models  of  test  cells  were  'abricated 
in  modules  SO  that  some  7d0  diheieni  combinations  could  be 
tested  Distortion  at  the  engine  face  was  measured  and  correlated 
in  terms  of  component  factors  Augmentation  ratio  and  ceil 
depression  were  rrieasured  An  analytical  rriodol  correctly  predicted 
the  measured  quantities  except  for  dlslar^ce  from  engine  noz2te 
to  augmenter  inlet  With  the  data  accumulated  it  should  be 
possible  to  match  pollution  control  requirements  to  test  cell 
parameters  Author 

N74  14286  Moioren  und  Turbnen  Union  Muenchen  GmbH 
(West  Germany*  Engine  Dewelopr  eni  and  Testing  Oept 

EXHAUST  EMISSION  MEASUREMENTS  ON  THE  GE  T64  7 
TURBOPROP  ENGINE 

W Bergi  G Kappier  and  G MeiKis  /n  aGARO  Atmospheric 
Fuiiuiiori  bf  A:rc.'3h  Engines  S®n  1973  4 o refs  iFof  availability 
see  N74-1427  1 06  20i 

Exhaust  emiss-ori  measurements  have  been  earned  out  on 
the  engine  GE  T64  7 with  the  obiecdve  to  determine  quaiitativefy 
the  mass  emission  of  the  pollutants  carbonmononde  unbumt 
hydrocaibons  and  oxides  of  nitrogen  at  different  power  ratings 
Although  for  aircraft  engine  application  the  opeiatmg  mod:  s were 
)u$t  recently  issued  in  the  EPA  proposed  star>dards  for  control 
of  eir  poliotipn.  the  engine  was  run  through  a 13  point  California 
Teat  Cycle  as  applicable  to  Diesel  engines  for  vehicles  up  to 
6000  lb  gross  weight  The  numerical  evaluation  nf  the  measured 
exhaust  emissions  was  carried  out  using  the  method  o>  analysis 
establisned  for  the  above  mentioned  test  cycle  The  measurements 
were  taken  for  three  different  types  of  fuel  JP4.  Diesel  at  20  C 
arKj  Diesel  at  50  C The  exhaust  gas  sampling  usmg  heated 
sampling  hnes  and  the  analytical  system  set  up  for  the  measure 
menta  were  m agreement  with  SA6  Specifications  The  mstrumeniv 
used  in  the  analytical  system  are  snown  AuU>or 

N74‘14267  Deutsche  Forschungs  und  Versurhsanstalt  fuer 
Luft-  und  Reumfahn.  Stuttgan  (West  Gerrranyl  tnst  fuer 
ReekttonsKmetik 

NO  FORMATION  IN  FUEL  RICH  FLAMES  A <;TU0Y  OF 
THE  INFLUENCE  OF  THE  HVOROCARBON  STRUCTURE 

K H EbSriuS  and  Th  Just  /n  ACARO  Atmospheric  PoMui'On 
by  A ireraft  Engines  Sep  1973  0 p refs  (For  availability  see 
N74  14271  05  201 

Thn  formation  of  nitric  oxide  in  premixed  propane,  ethv'ene 
and  acetylene  flames  at  1 atm  has  been  measured  Large 
overconcentrations  cf  NO  were  found  m very  fuel  nch  flames 
The  NO  formatH)n  in  flames  could  be  reasonablv  separated  into 
three  classes  M)  Zeidovich  mechanism  with  equilibrium  0 
atom  concentration.  (21  Zeldovich  mechanism  with  the  remaining 
excest  0 atom  ccnceoiration.  and  l3i  other  reactions  mvoivmq 
radicals  at  CH  C.  C2  The  jistmctic^n  of  these  classes  can  be 
made  by  xiuuyiMg  the  te>r.pd>'aturc  dependence  oi  n-» 

formation,  by  analysing  the  curvature  of  the  NO  profiles,  o/ 
relating  the  reie  of  NO  formation  to  O atom  concentrations  and 
by  measuring  hCN  m some  flames  The  analysis  of  the  temperature 
dependence  of  tfie  NO  formation  m propane  Maries  gave  evidence 
that  in  these  fiamei  with  stoichiometric  ratios  h'*ween  1 2 anq 

1 4 and  terripa'atures  beiwaai  1050  K ond  2400  K reaction 


class  fcl  IS  the  mam  reaction  channel  A comparison  of  flames 
which  have  the  same  temperature  at  the  same  mixture  strength, 
but  diHer  in  the  chemical  structure  of  the  fuel,  shows  higher 
NO  concentrations  for  acetylene  flames  and  somewhat  smaller 
NO  ccncantre:«ons  for  methane  flames  relative  to  the  concentre 
lions  m propane  flames  Author 

N74 -M288  Direct  ■on  Technique  Avions  Pans  tFrancel 
Aerospaiiaia 

MEASURE  OF  MINOR  CONSTITUENTS  IN  THE  STRATO 
SPHERE  BY  CONCORDE  00l  (MESURES  OES  CONSTI 
TUANTS  MINEURS  DANS  LA  STRATOSPHERE  PAR 
CONCORDE  001) 

R Joatton  fn  AGARO  Atmospheric  Pollution  by  Aircraft  Engines 
Sap  1973  7 p refs  In  FRENCH  (For  availability  see  N74  14271 

05  201 

The  effect  of  aerospace  vehicles  on  stratospheric  pollution 
as  moasuied  by  equipment  onboard  the  Concorde  001  are 
discussed  Data  cover  carbon  rnonoxide.  several  nitrogen  oxides, 
and  hydrocarbon  emiss>on&  Soecial  attention  was  given  to  possible 
reductions  o*  sfatoxphenc  o20ne  and  the  effect  of  such 
reductions  or.  the  environment  Trans'  by  £ H W 

N74*  14289  National  Gas  Turbine  Esisblishrr eni.  Pyestock 
fEnglandl 

SOOT  FORMATION  IN  RICH  KEROSINE  FLAMES  AT  HIGH 
PRESSURE 

F H Holderness  and  J J Macfariane  lo  AGARD  Atmospheric 
Pollution  by  Airciah  Engines  Sep  (973  9 p refs  (For  availability 
see  N74  14271  05-20) 

Scot  aopeaiing  in  gas  turbine  exhaust  products  onginaies 
within  the  primary  flame  Model  combustor  experiments  are 
summarized  .n  which  soot  tomiaiion  was  measurnu  m a reacting 
ke'osme.  air  flame  of  uniform  composition  Op'^raimg  conditions 
are  6 !0  2 1 bar  and  equivalence  ratio  0 8 to  its  Cnemicai 
equilibrium  was  not  attained  for  equivalence  ratios  much  above 
unitv  Tne  available  oxygen  reacted  miiiaiiy  wuh  a pohion  of 
the  fuel,  the  lemamde:  appearing  as  pyrolysis  product  The  total 
amount  ol  this  material  including  soot  was  roughly  dependent 
on  equivalence  ratio  independent  ol  other  variables  the  fraction 
fully  degraded  to  soot  increased  sharply  on  raismg  pressure  from 

6 to  1 1 bar  There  was  a well  defined  threshold  of  soot  formation 

at  equivalence  ratio  I 3 to  1 4 ,n  premixed  flames  Soot  was 
observed  at  weaker  conditions  than  this  m spray  flames  and 
the  formation  ate  rose  ;o  apDfOximalely  10  percent  of  the  input 
carbon  at  equivalence  ratio  1 8 Author 

N74-14290  Massachusetts  insi  of  Tech  Cambridge  Dept 
of  Mechanical  Engineering 

SOOT  OXIDATION  TICS  AT  COMBUSTION  TEMPERA 
TUBES 

John  P Appleton  /n  AGARD  Atmospheric  PollgiiCn  by  Aurrah 
Engines  Sep  1973  1 1 p refs  (For  avdiiability  see  N74- 1427  1 

05  20: 

iGrant  NSF  GK  33933) 

Comparisons  between  soot  oxidation  .ate  measurements 
obtained  in  laboratory  flames  and  m a recent  shock-tube 
iovestigaimn  are  made  with  previously  reported  measurements 
of  the  Surface  oxidation  rate  of  bulk  samples  of  pyrolytic  graphite 
On  the  basis  of  these  comparisons  il  is  concluded  ;hat  the 
Surface  oxidation  rate  mechanisms  for  soot  and  pyrolytic  graphite 
are  the  same  and  (hat  the  rates  are  predicted  by  a semiempiricai 
expression  originally  proposed  for  graphite  oxioanon  which 
expresses  the  specific  surface  oxidation  rate  m terms  of  the 
Surface  temperature  and  (he  qas  phase  partial  pressure  of  oxygen 
Thia  expression  provides  a method  of  estimating  soot  oxidation 
ret^S  which  is  suitable  for  use  in  engineering  design  and 
performance  studies  of  most  practical  combustion  systems  such 
as  gas  turbine  combi*stors  Author 

N74-14291*  Massachusetts  Inst  of  Tech  Cambridge  Oept 
cf  Mechanical  Enqinee.-mg 

PARAMETERS  CONTROLLING  NITRIC  OXIDE  EMISSIONS 
FROM  GAS  TURBINE  COMBUSTORS 
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John  6 Hev'^'^ood  tnd  Thomas  Mikus  irt  AQARO  Atmospheric 
PolU  rion  by  Atrcratt  Engines  Ser  19^3  t6p  refs  (Tor  availability 
see  N74  1427t  05  ?0) 

(Gram  NGR-22  009  378) 

Nitric  OKide  forms  m the  primary  lone  of  gas  turbine 
cornbusio's  where  the  burnt  gas  cOmposioon  is  close  to 
stoichiometric  and  gas  temperatures  are  highest  It  was  found 
that  combustor  ai<  mlei  conditions,  mean  primary  zone  fuei-air 
ratio,  residence  time,  and  the  umlormiiy  of  the  primary  zone  are 
the  most  important  vanablas  affecting  mtnc  oxide  emissions 
Relatively  simple  morsels  of  the  flow  m a gas  turbme  combustor 
couplad  with  a rate  equation  for  mtnc  oxide  formation  via  the 
Zeldovich  mechanism  are  shown  to  correlate  the  variatior*  m 
measured  NOx  emissions  Oats  from  a number  of  diHorent 
combustor  corKepts  are  analyzed  end  shovxn  to  be  m reasonable 
agreement  with  predictions  The  NOx  formation  model  is  used 
to  assess  the  extant  to  which  an  advanced  combustor  concept, 
the  NASA  swirl  can.  has  produced  s lear-i  well-mixed  primary 
zone  generally  believed  to  be  the  best  low  NOx  emissions  burner 
type  Author 

N74-14292  California  Univ  Berkeley  Oept  of  h^echanical 
Engmaaring 

PACTOnS  CONTROLLING  POLLUTANT  EMISSIONS  FROM 
GAS  TURBINE  ENGINES 

R F Sawyer.  N P Cernansky  and  A K Oppenheim  In  AGARO 
Atmospheric  Polluhon  ty  Aircraft  Engines  Sep  1973  13  c 

refs  (rof  availability  see  N74  1427  1 OS  20) 

(Grants  AF-AFOSR  2299  72  AE  AFOSR  2200  72) 

^'imary  pollutants  emitted  by  aircraft  gas  tu'b.ne  engines 
are  carbon  monoxide,  hydrocarbons  aldehydes  smoke,  particul 
ates.  and  nitric  oxide  Factors  controlling  emissions  of  these 
poUutar^ts  are  analyzed  on  the  basis  of  aircraft  engme  exhaust 
composition  and  laboratory  studies  of  gas  turbme  combustion 
processes  Moreover,  an  analytical  prediction  o<  the  effect  of 
aircraft  operating  parameters  on  me  emis»>uM  ul  oxide  .s 

also  given  The  formation  and  destruction  of  these  poiiutants 
were  investigated  m a laboratory  gas  turbme  combustor  The 
oxidation  of  carbor>  monoxido.  hydrocarbons  and  aldehydes  was 
measured  m the  dilution  zone  where  therrnai  quench  phenomena 
were  observed  The  apparent  oxidation  of  particulates  m the 
dilution  zona  was  also  observed  The  formation  c nitnc  oxide 
was  observed  m the  primary  zone  and  m the  first  pai  of  the 
dilution  section  of  the  combustor  Operational  conditions  and 
engine  parameters  were  studied  analytically,  yielding  rational 
criteria  for  the  prediction  of  their  effect  on  the  emmission  of 
nitric  Oxide  Author 

N74  14293  Norwegian  Inst  for  Air  Research.  Kieiier 
A SYSTEMATIC  APPROACH  TO  THE  STUDY  OF  THE 
CONNECTION  BETWEEN  EMISSION  AND  AMBIENT  AIR 
CONCENTRATION^ 

Knot  Erik  Groenskvi  /n  AGAflO  Atmospheric  Pollution  by  Aircraft 
Engines  Sep  1973  10  p refs  iFor  ava. lability  see  N74  14271 

05  20) 

A systematic  approach  to  study  the  effect  of  a complex 
source  distribution  on  the  ambient  air  quality  is  described 
Measurements  of  emission  meteorological  peramete's  and 
ambient  air  concentrations  are  used  to  develop  a quantitative 
model  describing  the  important  physical  and  chemical  processes 
The  model  is  mathematically  loimuiated  m a modified  ferm  of 
the  continuity  equation  for  the  pp"  '*'On  component  To  imp«ove 
the  model,  regiession  analysis  can  be  used  An  example  of  this 
approach  IS  given  m the  study  of  a>r  pollution  m Oslo  where  it 
has  been  shown  that  a systematic  vertical  motion  is  the  most 
important  process  to  dean  the  au  in  Oslo  during  inversion 
Situations  Some  comments  are  made  on  the  model  approach 
to  the  air  pollution  probler;i  around  an  airfield  Author 

N74-14294  Office  National  d Etudes  et  de  Recherches 
Aerospatiales  Pans  iFrance) 

THEORETICAL  STUDY  OF  THE  RESIDUAL  EVOLUTION  OF 
POLLUTING  PRODUCTS  IN  TURBOJFT  EXHAUSTS 

Roiand  Borgh'  In  AGARD  Atmospheric  Pollution  by  Ak  iwii 
Engine  Sep  1973  1 1 p rets  In  FRENCH  ENGLISH  sumi..„;y 

iFor  availability  see  N74  i427  i 05  20* 


Efforts  underway  to  predict  and  control  the  quantity  ot  uu 
and  NO  polluting  products  produced  by  turboiei  nozzle  outlets 
are  reviewed  A numerical  method,  taking  into  account  turbulent 
mixing  phenomena  and  nonequilibnum  chemical  reactions,  was 
developed  Several  reaction  models  ware  compared  and  show 
that  CO  immediately  transforms  into  C02  upon  exhaust  However, 
a much  longer  time  is  needed  for  NO  to  disappeai  Author 

N74- 14296  Pratt  and  Whitney  Aiicraft  West  Palm  Beach  Fla 
DEVELOPMENT  AND  VERIFICATION  OF  AN  ANALYTICAL 
MODEL  FOR  PREDICTING  EMISSIONS  FROM  GAS 
TURBINE  ENGINE  COMBUSTORS  DURING  LOW  POWER 
OPERATION 

Stanley  A Mosier  Richard  Roberts,  and  Robert  E Henderson 
(AFAPLi  7n  aGARO  Atmospheric  Pollution  by  Aircraft  cr^gmes 
Sep  1973  12  D refs  (For  availability  see  N74  14271  05-20) 

A theoretical  cornbusior  model  was  formulated  for  predicting 
concentrations  and  distributions  of  unburned  hydrocarbons,  and 
carbon  monoxide  from  gas  turbme  engine  combustors  Essential 
componerits  of  this  model  include  an  internal  Howl. eld  model,  a 
treatment  of  the  physical  combustion  process,  and  a treatment 
of  hydiocarbon  oxidation  ‘jnetics  Model  connponents  were 
incorporated  mio  a corr^uter  program  with  a single  model 
structure  lor  sn nphcitv  An  experimental  program  was  also 
conducted  to  evaluate  combi-stor  oes.gn  techniques  for  lowering 
emission  leveis  and  to  provide  experimenial  data  against  whicn 
the  theoretical  model  could  be  testud  Ou.ner  exit-plane 
meas*.irerndr*is  of  unbuff^ed  hydrocarbons,  carbon  monoxide, 
nitrogen  otides  tempe-'etufe  and  oressure  were  made  Predictions 
of  exhaust  species  concer^trations  and  distributions  were  made 
using  the  iheoieiicai  combustoi  model  n support  of  ihe 
experimental  program  Results  a»e  discussed  with  respect  ’■  j 
mterr'dl  aerodynamic  and  chemica'  kinetic  arguments  withi'*-  the 
fraiTiewOfli  of  the  theoretical  formulation  Author 

N74-1429B  Pohiecn-co  o»  Miianu  liiely)  •»:  *1  f.lacchmc 
AN  EXPERIMENTAL  RESEARCH  ON  THC  BEHAVIOR  OF 
A CONTINUOUS  FLOW  COMBUSTION  CHAMBER 

C Casci  A Coghe  U Ghezzi.  S Pasmi  In  aGARO 
Atmospheric  Pollution  by  Aircrah  Lngmes  Sep  1973  1 1 p 

refs  (For  ava'lahility  see  N74  i-i27l  05-20) 

In  (elation  to  the  comb‘.*Mion  phenomena  area,  a contiotious 
flow  test  bench  was  dev<:ioped  to  study  gas  turbme  combustion 
The  feeding  system  i .ovided  a wide  range  of  au-fuel  avio  acit 
working  piessurp  for  investigating  different  test  conditions 
combustion  cr-^-nbei  was  arranged  to  sample  the  gas  compos  tion 
m different  ^osmans.  and  to  measure  other  magnitudes  suCh  as 
pressure  ar^d  an  and  fuel  mass  flow  rale  The  species  anai  zed 
were  carbon  monoxide,  unbumed  hydrocarbon  and  i »rogen 
r.«ides  The  pnmary  concorn  was  Ihe  evolution  of  ’ne  sliove 
species  along  the  can-type  imer  and  the  determination  ol  optimum 
working  conditions  Tn®  typical  design  features  Ol  the  cornbustion 
chamber  described  allow  a rompanson  of  the  results  optameu 
to  real  systems  but  the  k-..-;9tic  and  fluid  dyriamic  phenomena 
concerned  with  the  combustion  process  make  the  extrapolation 
of  (he  results  difficult  for  conditions  very  far  from  Ihe  experimental 
ones  m this  research  Author 


N74  14297  Air  Force  Dept  Washington  OC 
SESSION  4 DESIGN  OPENIN(>  REMARKS 
W Moe  In  AGARO  Atmospheric  Pollution  by  Aircraft  Engines 
Sep  1973  2 p iFor  availability  see  N74  14271  05-201 

Comments  are  made  concerning  the  design  of  combustors 
Emphasis  IS  placed  on  the  necessity  of  reducing  jet  engine  pollution 
without  deiraclii  g f'om  |el  performance  Military  involvement  in 
a'rctah  chemical  pollution  control  is  also  diScussed  K M M 

N74-14298  O'fice  ^-^“iionai  d Etudes  et  de  Recherches 
Aerospatiales  Paru  IFrance) 

MODELIZATiON  OF  TURBOMACHINE  COMBUSTORS  FOR 
POLLUTION  STUDIES 

Marcel  Bairere  in  AGARO  Atrnosphenc  Pollution  by  Airciafr 
Engines  Sep  1973  21  p refs  In  F R£ NCH . ENG  LI SH  eummiry 
(For  availability  see  N74  1427  1 05 
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A survey  was  made  models  curreritly  propOMd  to  calculate 
the  evolution  of  polluting  species  in  a turtx)mBChir>e  combutto' 
CHortt  were  made  to  improve  the  models  «n  order  to  (1)  utadict 
the  polluttng  species  generation  rate  by  the  combustor  for  various 
functK-mng  conditions.  (21  determine  mam  parameters  acting  on 
this  polluting  rate,  and  (3)  design  new  optimued  combustors 
generatmg  a minimum  of  pollutants  while  retaining  the  seme 
periormance  Author 

N74-14299  California  Umv . Serkeley  Dept  of  Mechanical 
Engineenng 

SMOKE  SUPPRESSANr  sOOITIVE  EFFECTS  ON  PARTlC 
UIATE  EMISSIONS  FROM  GAS  TUHRINE  COM9U3TOR8 

P J Pagni.  L Hughes,  and  T Novakov  In  AGARO  Atmospheric 
Pcilutior.  by  Aircraft  Fngmes  Sep  1973  tip  refs  (For  availability 
cee  N74- 14271  05  201 
(Grants  NSF  GK  27895.  ePA-AP-385J 

The  effects  of  mangjnese  based  additives  on  the  mass,  sue 
distribution,  and  chemical  composition  of  particulate  emissions 
from  gas  lurbtns  combustors  are  described  Enperiments  show 
that  the  additive.  2 methyl  cycio  peritadienyl  manganese 
tricarbonyl  can  increase  mass  emissions  if  used  excessively  The 
additive  shifts  (he  emit'.ed  particle  si2e  distribution  toward  many 
more  rr^uch  smaller  particles,  thereby  reducing  visibility  ''rimaniy 
by  reducing  the  sue  of  the  emmiied  particles  X-ray  photoelociror 
spectroscopy  studies  have  detarmmed  that  the  chemical  state 
of  the  emitted  manganese  is  manganese  monoxide  It  is 
recommended  that  combustor  redesign  and  collection  techniques 
be  employed  whenever  possible  to  Suppress  particulate  emissions 
from  aircraft  and  test  facilities  Anthor 


N 74  14300  General  Electric  Co  . Cincinnati.  Ohio  Advanced 

Combustion  and  Emissions  Coni.ol  Technology 

TECHNOLOGY  FOR  THE  REDUCTION  OF  AIRCRAFT 

TURBINE  ENGINE  EXHAUST  EMISSIONS 

Ooneld  W Bahr  In  AGARD  Atmospheric  Pollution  by  Aircraft 

Engines  Sep  1973  13  p lafs  (For  availability  see  N74  1427  1 

05  201 

Teats  of  both  production  and  advanced  engines  were 
conducted  to  determine  the  emission  characteristics  of  aircraft 
turbine  engines  The  results  of  these  engine  evaluations  are 
preser^ted  Also  presented  aru  the  results  of  exploratory 
mvsstigations  to  define  and  develop  design  approaches  for 
reducing  the  carbon  monoxide,  unburned  hydrocarbons,  and 
nitrogen  oxides  emission  levels  of  high  performance  annular 
combustors  with  alieady  developed  low  smoke  emission 
characteristics  in  these  latter  investigations,  the  emissions  level 
reductions  obtainable  through  the  use  of  advanced  primary 
combustion  zone  stoichiometry  control  methods  and  advanced 

iniATtinn  techmoues  ware  evaluated  in  addition  results 
presented  on  the  use  of  water  miection  techniques  to  suppress 
the  formation  of  nitrogen  oxides  m combustors  it  >s  co.icluded 
that  future  engines  can  be  developed  wth  significajitiy  lower 
levels  of  these  gaseous  emissions  than  those-  of  current 
er^gmes  Author 


N74- 14301  Craofield  Inst  of  Technology  iCnglandi  School  of 
Mechanical  Engineering 

A PRELIMINARY  STUDY  ON  THE  INFLUENCE  OF  FUEL 
STAGING  ON  NITRIC  OXIDE  EMISSIONS  FROM  GAS 

turbine  combustors 

A M Lefebvre  and  R S Fi-jtcher  agARD  Atmospheric 
Pollution  by  Aircraft  Engine'.,  Sep  1973  7 p refs  <Fo' availability 
see  N74. 14271  06  20' 

The  results  ere  presented  from  a preliminary  irivestiganon 
carried  out  on  a tubular  aircraft  combustor  chamber  which  was 
rierlectiv  stxrjard  apari  from  an  additional  fuel  miector  located 
just  dowPiiream  of  the  primary  zone  Measurements  of  mtne 
oxid#  oxhaost  emissions  were  carnjd  out  over  a range  of  fuel 
*u  bo*h  primary  and  secondary  zones  and  the  results  compared 
v»ith  predictions  based  on  a previously  derived  mathematical 
model  Aulho' 


N74-14302*  . National  Aeronautics  and  Space  Admimsirattori 
Lawis  Research  Center  Cleveland  Chio 

DESIGN  AND  EVALUATION  OF  COMBUSTORS  FOR 
REDUCING  AIRCRAFT  ENGINE  POLLUTION 
Robert  E Jnnes  er>d  Jack  Grobman  In  AGARO  Atmospheric 
Potiution  by  Aircraft  Engine  Sep  1973  8 p refs  (For  availability 
see  N74  14271  06  201 

Various  techniques  and  test  results  are  briefly  described  and 
referenced  for  detail  The  effort  arises  from  the  increasing  concern 
for  the  measurement  and  control  of  emissions  from  gas  turbine 
engines  The  greater  part  of  this  research  is  focused  on  reducing 
the  oxides  of  nitrogen  fo  med  dunng  takeoff  and  cruise  in  both 
advanced  CTOL.  high  pressure  ratio  engines,  and  advanced 
superuontc  aircraft  engines  The  experimental  approaches  taken 
to  reduce  oxides  of  nitrogen  emissions  mciude  the  use  of 
rrj'tizone  combustors  mco'poratirg  reduced  dwell  time  fuei  au 
piat  *xing  au  atomization,  fuel  prevaporization.  water  injection, 
and  gjxeous  lueis  In  the  e::penments  conducted  to  date  sorne 
of  these  techniques  were  rriore  successful  than  others  i;*  reducing 
oxrdas  of  nitrogen  emissions  Tests  are  being  conducted  on 
fu!*-annuiar  combustors  at  pressures  up  to  6 atmospheres  and 
on  combustor  segments  at  pressures  up  (O  30  atmospheres 

Author 

N74- 14303  Societe  Europeene  d Etudes  et  d Essais  d Lnvironne- 
ment.  Buc  (France) 

MOTORIST  POINT  OF  VIEW  ON  THE  EFFECTS  OF  LOW 
BURNING  RATES  ON  POLLUTION  (POINT  OE  VUE  DU 
MOTORISTS  SUR  LA  CONCEPTION  OES  FOYERS  A FAISLE 
TAUX  OE  POLLUTIONI 

Alam  QuiMovere.  Raymond  Briancon  and  Jean  Qecoufiet  ff> 

AGARD  Atmospf  ric  Pollution  by  Aircraft  Engines  Sep  1973 
19  p refs  In  FRE  -fCH  (For  availability  see  N74  1427  1 05  20) 

Possible  ways  of  reducing  CO  NO  and  hyOrocarbotts  emitted 
by  turbojets  are  discussed  by  their  de..>igners  It  was  suggested 
that  high  pc.'^ormor.cc  snnular  chamhers  reduced 

air  speeds,  and  modification  of  existing  designs  may  reduce 
emissions  particularly  NO  emissions  The  use  of  injector  systems 
to  reduce  pollution  was  also  examined  TransI  by  E H W 

N74. 14304  Air  Force  Ae'O  Propi.ls'on  Lab  Wnght  Patteison 
AFB  Ohio 

AIRCRAFT  GAS  TURBINE  POLLUTANT  LIMITATIONS 
ORIENTED  TOWARD  MINIMUM  EFFECT  ON  ENGINE 
PERFORMANCE 

Roben  E Henderson  and  Wilham  S Blazowski  m AGARD 
Atmospheric  Pollution  by  Aircraft  Engines  Sep  1973  13  p 

refs  '.For  avaiiabiiity  see  ^l74  14271  05  20i 

' 'e  proposed  Environmental  Protection  Agency  (EPA) 
reguleiions  for  aircraft  r,>ngme  emissions  are  examined  m terms 
of  their  impact  on  the  application  to  military  aucrah  gas  turbine 
eng.r.es  A guantitat.ve  ussessmant  cf  ru.'.'cn:  cng.nc  crr.-.zz-.on. 
levels  design  trends  and  potential  emission  control  techniques 
l^  piesented  It  15  curicluded  that  special  consideraiions  rtiust  be 
afforded  to  military  aircraft  relative  to  direct  appiicavon  of  EPA 
regulations  however,  mariy  future  emission-  reducmg  advahees 
will  be  applicable  to  military  gas  turbines  U S Air  Force  goals 
were  establisfied  10  insure  thji  new  engines  take  advantage  of 
this  techr.niovjY  and  are  in  accordance  to  the  greatest  degree 
possible  with  what  EPA  requires  of  commercial  aircraft  These 
goals  are  m terms  cl  minimum  jdie  combustion  inefficiency 
maximum  allowable  Oxides  of  nitrc^en  (lb  1000  lb  fuel)  and 
maximum  allowable  smoke  number  The  rationale  behind  using 
these  parameters  and  the  means  by  which  the  n-jmerical 
limitations  were  derived  are  described  Author 

N74  14306  Pisa  Univ  iltalyi  1st  di  Macchirid 
PHOTOMETRIC  MEASUREMENTS  OF  EXHAUST  SMOKE 
TRAtlS  BY  JET  ENGINES 
M Lucchasini  and  D Dmi  /'i  AGARO  Atmospheric  Pollution  * 

by  Aircraft  Enqmes  Sep  1973  12  p ryfs  (For  availability  see 

N74  1427  1 05  20* 

The  puffose  of  this  study  is  twofold  tl)  dovelcping  a 
photographic  Dholomeiry  method  to  measure  density  ar^d  visibility 
of  exhaust  smoke  trails  and  (2l  obtaining  an  objective  index  for 
the  smoke  emission  o'»  degree  ty  turt>ojeis  Tests  show  the 
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P W JT809  as  twmg  one  o<  the  most  cCMtammeting  |et  enyines 
m airline  service,  giving  T values  of  about  74  percent  Transmission 
values  wore  measured  m many  cases  at  different  distances 
from  the  nc  u\e  and  for  several  angles  between  optica!  and  trail 
axes  This  is  done  to  show  dependence  of  T from  the  aerodynamic 
airplane r engine  configuration  and  from  the  optical  path  L 
('-rough  th»,  irail  Author 

N 74  14306  Aerospace  Medical  Research  Labs  Wnght-Patterson 
AF8.  Ohio  Toxicology  Branch 

ENVIRONMENTAL  TOXICOLOGICAL  IMPACT  OF  AIR 
CRAFT  operations 

Kenneth  C Back  fn  AGARO  Atmospheric  PoHutation  by  Aircraft 
engines  Sep  1973  6 p refs  (For  availability  see  N74  14271 
05  20i 

Sources  of  pollution  from  aircraft  operal-on  include  such 
chemical  substances  and  decomposition  products  as  jviation 
gasolines  let  fuels  advanced  fuels  oils  lub'icants  hydraulic  fluids 
coolants  deicers  and  various  additives  used  m these  forrrulations 
These  may  ente»  the  environment  as  the  result  of  normal  mission 
accomplishment  and  attendant  ground  cperaiions  inadvertent 
malfunctions  and  spillage  and  necessary  periodic  disposal 
processes  Physiological  effects  of  the  more  important  compounds 
which  are  current  problems  with  aircraft  pollutants  problerns 
associated  with  obtaining  such  biological  data  mechanisms 
necessary  to  comply  with  current  pollution  control  directives, 
and  standards  which  are  now  .nctionai  aie  also  discussed 

Author 


N74  15349a  Aevisor,  G'Ovip  fo'  Aer<  soa  Tesearrh  ar.d 
Development  Paris  'France' 

TECHNICAL  EVALUATlOfi  REPORT  ON  AGARO  TECHNl 
cal  meeting  on  ATriOSPMERiC  POLLUTION  Bt 
AIRCRAFT  ENGINES 

Paul  A Lihfcv  '(ai;f  Univ  L.iJciij-  Nov  ’973  6 c Presented 
at  the  Pioc  of  the  Pronui'-Of  ar-'l  Enernci  rs  Panel  4 1st  Meetmq 
Regent's  Park  Enqi  9 13  Api  1973 
;AGARD  AR  C3  AGARO  CP  I25;  Avai'  NTlS  HCS300 
The  unvi'or'meiMai  problems  associated  with  aircraft  upera 
tio'-s  are  discussed  Emphasis  iS  placed  on  the  genc'ai  p'ooiem 
of  air  pollution  m the  neighborhood  of  aupods  due  *o  aircraft 
engine  exhaust  products  The  ariticipaied  t)cnefils  *<on'  baS'C 
combustion  'esearch  for  reducing  the  polfutanis  lu  airr.id^i  engine 
exhausi  are  examined  The  necessity  to  detc  rnme  the  amoufM 
of  pollution  caused  by  aircraft  engines  as  compdred  v.;?n  vetu^  u'ar 
traffic  and  adverse  meteorological  conriiiions  as  a ha',  s ' >'  <'os' 
effective  propulsion  system  modifications  'S  stressed 
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InctuOes  guK>«n€ft.  autopilots,  star  and  planet  tracking 
martial  platforms,  and  air  traffic  control  For  ratctad 
<nforrT>atK>n  soo  also  07  Communications 


N72-22621|l'  Advisory  Group  for  Aerospace  Research  and 
Oavelopment.  Paris  (France) 

GUIDANCE  AND  CONTROL  OIS'^UXYS 
Fab  t972  237  p refs  Presented  at  13th  Meeting  ol  Guidance 
ar>d  Control  Parcel  of  AGARD.  Pans.  19-21  Oct  1971 
(AGAPD-CP-96)  Avail  NTlS 

Confaranca  pap>ers  a'e  presented  on  guidance  a. id  control 
display  dasign  for  aerospace  vehicles  The  particular  areas  of 
investigation  are  visual  criteria  workload  criteria  validation  of 
design  criteria.  VTOL  aircraft  displays,  displays  for  specific 
applications,  new  technology,  and  testing  and  evaluation  of 
displays  For  individual  titles,  see  N72  22622  through 
N72  22644 


N72-22622/II  Air  Foice  Flight  Dynamics  Lab  Wright  Patterson 

AFB.  Cino  Flight  Deck  Development  Branch 

THE  STATUS  OF  HUMAN  PERCEPTUAL  CHARACTERISTIC 

DATA  FOR  ELECTRONIC  FLIGHT  DISPLAY  OF.SIGN 

Keith  '(  Burnett  In  AGARD  Guidance  and  Control  Displays 

Feb  *972  10  0 refs  (See  N72-2262 1 13-2H 

Avail  NTIS 

The  human  factors  literature  was  searched  and  analysed  lor 
human  perceptual  characteristic  data  relating  to  the  design  of 
individual  electronic  flight  displays  Some  of  the  more  interesting 
data  obramed  are  summarized  and  include  flicker,  visual  aci'ity. 
d'Sp'ey  resolijtiO"  hjfnmAfwre  alpheniimAnr  Iroihility  Scale 
legibility,  mformeiion  coding,  display  sue.  and  the  effect  uf 
environmental  variables  on  these  ouantities  Wherever  possible 
the  date  are  analyzed  and  presented  so  as  to  point  out 
Significant  variables  and  data  trends  not  specifically  discussed  m 
the  original  works  Author 

N72-226234I  Oeutscha  Forschgngs  gnd  Versuchsanstalt  fuer 
Luft  und  Rsumfshrt  Brunswick  (West  Germany)  luer 

Flugfuehrung 

A LIMITED  STUDY  OF  THE  TRADE  OFF  BETWEEN 
LUMINANCE  AND  COLOR  COOING  IN  ELECTRONIC 
AIRCRAFT  DISPLAYS 

Ralf  Beyer  in  AGARD  Guidance  and  Control  Displays  Feb 
1972  9 p refs  (See  N72  22621  13  21) 

Avail  NTIS 

Th«  rli^cttvei  leSS  Cif  iurTMriafiCe  ar>d  color  coding  arc 
compared  as  means  for  coding  display  elements  m eiectromc 
displays  First  a review  of  some  past  investigations  is  given  Next 
some  experiments  are  described  which  contain  an  immediaie- 
responsa  task,  a smgle-axis  tracking  experiment  with  discontinuous 
secondary  task,  tachisioscopic  experiments,  and  the  exploration 
of  i.ut'iective  judgements  on  different  types  ol  color  codmg  m an 
experimental  eieulronio  d'Splay  in  these  experiments  the  only 
variable  »s  the  type  of  coding  iium?nxnce  or  color)  used  for  the 
display  elements  and  the  various  responses  obtemed  are 
discussed  Author 

N72-22624ilf  Human  Engineering  Labs.  Aberdeen  Proving 
Ground.  Md 

WHAT  COLOR  DISPLAY  ELEMENT 

John  A Barnes  In  AGARD  Guidance  and  Control  Displays 
Feb  1972  lip  refs  (See  N72  2262 1 1.1  21) 

Avail  NTIS 

Tha  results  are  presented  of  research  directed  toward 
determining  the  best  posMbie  colcrs  to  use  for  the  elements  of  a 
multicolored  aircraft  dis-jley  to  ir>sure  a minimum  number  of 
instrument  reading  errors  A survey  of  the  American  manufacturers 
of  multicolored  mechanical  aircraft  displays  provided  a list  of 
nine  colors  generally  used  as  background  colors  and  a like 
number  of  generally  used  pointer  colors  An  •ntegrally  illuminated 
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test  instrumer^t  was  built  winch  had  the  capability  of  presartting 
to  a test  subject  any  of  these  backgrourtd  ano  pointer  colors  m 
combination  Tha  lighting  of  tha  test  instrument  was  controlfed 
at  ailher  of  two  illumination  levels  for  each  background  color  and 
was  available,  with  this  control,  as  a red  lighting  systerr-  or  as  a 
blue-white  lighting  system  These  results  prov:de  tha  instrument 
manufacturers  with  twenty  pointer  a. id  background  combinations 
which  can  be  expected  to  produce  less  than  a orie  percent 
ir^trument  scale  reading  error,  regardless  of  the  lighting  system 
used  end  at  illumination  levels  as  low  as  Ol  foot  Lambeas 

Author 


N72-22B26ik  Litton  Systems.  Inc . Van  Nuys.  Calif  Data 
Systems  Oiv 

THE  INTEGRATED  COCKPIT  PROCEDURE  FOR  IDENTIFY 
ING  CONTROL  AND  DISPLAY  REQUIREMENTS  OF 
AIRCRAFT  IN  ADVANCED  TIME  PERIODS 
John  V Murphy  and  Berndfd  S Gurman  lECOM.  Fort  M'-:imouth 
N J)  In  AGARD  Guidance  and  Control  Displays  Feb  1972 
7 p refs  (See  N72  22621  13  2l) 

Avail  NTIS 

An  adaptation  of  the  integrated  cockpit  research  procedire 
was  use  to  def  ne  control  and  display  requirements  tor  the  next 
general.  utitity  transport  helicopter  under  consideration  by  the 
U S Arn.y  A control  and  display  requirements  analysis  was 
conducted  base'^  upon  the  derivation  of  specific  functions 
necessary  for  acco-nplishmg  four  specified  missions  Control/ 
display  mechanization  was  derived  from  specific  mission  functions 
A lime-based  load  analysis  was  performed  utilizing  computer 
processing  tecttf<iQues  to  make  task  ddjustments  in  real  time  and 
provide  a printout  of  how  the  tasks  m each  mission  segment 
could  be  adjusted  to  meet  the  mission  requi'ament  The 
technique  also  provided  an  ana'y'is  of  contingency  situations  and 
oenoteo  ovenoao  ccnonions  i »>*!  occurreo  Tii©  haid  tupy 
mock  op  was  a foi'-scale  cockpit  shell  m which  the  alternative 
mission  control,  display  configur?t  ons  could  be  illustrated  The 
meek  up  contained  realistic  flight  controls  and  audiovisual 
projector  units  that  simulated  verged!  and  honzoriai  situation 
display  formats  Author 


N72  22620/r  Honeywell,  Minneapolis  M»nn  Systems  and 
Resea*  h O'v 

DESIGN  IMPLICATIONS  OF  A BETTER  VIEW  OF  THL 
MULTICHANNEL  C ‘PACITY  OF  A PILOT 
0 H Lmdguist  in  aGARO  Guidance  and  Conuo!  D-'plays 
feb  1372  6 p els  (S- e N72  2262  1 13  21) 

Avail  NTIS 

A <Titf|Or  ■eSuti  Ol  0 lecBritSy  corripSeted  study  is  «>>c 
prediction  and  measurement  of  multichannel  pilot  performance, 
which  Significantly  increases  his  information  handling  capability 
beyond  that  predicted  by  today  s techniques  Current  techniques 
of  predicting  man.’ machine  interactions  were  shown  to  be  in 
error  by  an  order  of  magnitude  >n  some  measurements  related  to 
human  channel  capacity  The  results  of  this  experimental  work 
are  presented  ano  system  design  implications  for  pilot  capability 
and  limitations  are  discussed  Author 


HI?  22B27*a  Systems  Technology  *nc  . Hawthorne.  Cahf 
SYSTEMATIC  MANUAL  CONTROL  DISPLAY  DESIGN 
W F Oement.  0 T McRuer.  and  R H Ktem  In  AGARO 
Guidance  and  Control  Displays  Feb  1972  10  p refs 

Sponsored  m pan  by  NASA  and  JANAIR  (See  N72  22621 
13  211 

(NASA  CR  126256)  Avatl  NTIS  CSCLOlO 

me  p.'tnciples  are  outlined  ol  guidance  and  cuntrui  display 
design  based  on  interactions  with  human  psychomotor  activity 
The  mspi.ations  lor  eye  movement  studies  m fight  control  and 
mofiitonng  tasks  and  the  relationship  cl  eye  scanning  phenomena 
to  pilot  descnbmg  functions  and  remnant  sre  summarized 
Several  measures  of  pilot  workload  in  contri-i  tasks  are  discussed 
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EictM  control  capocity.  m p«mcular  gr4Bl  promiM  in 
Quantifying  a practical  daftnuion  of  worlOoad  M » a mafor 
wvorUoac  conr>«ctor  wit^  pilot  opinion  rating  arid  whola-taak 
atTactiva  ttma  dalay  Fiirihar  connacti^'^  with  laad  aqualiiation. 
?canning  woddoad.  phy«iok>gical  maaauraa  of  nauromuacular 
tanaioo.  and  tna  affacit  of  additional  modatitiai  on  visual 
^voddoad  ara  illuatratad  Autivjr 

N72-2262fl/|i  Forachungainaittut  fuer  Anthropotachmk.  Mackar^- 
haim  (Waat  Garmany) 

A SYMBOL  OCNeAATOfI  FOR  THE  ANTHROPOTECHHICAL 
EVALUATION  05  .««..:GRATEO  DISPLAYS 
K -F  Kra«a  tn  AGARO  GuidarKa  and  Control  Cisplaya  Fab 
1972  7 p raft  (Saa  N72  22621  13-211 

Avail  NTIS 

A fraaly  programmaUa  iow-cott  high-qualitv  character- 
ganarator  la  daacnbad.  whicn  usa>  a hybrid  pnncipia  of  ganaration 
Tha  wmting  la  parformad  by  a combmad  atroka  writing  and 
Uaaaicus  procadure  tha*  resulii  m an  irKreatad  display  quality 
Tha  binary  information  naadad  is  atorad  in  a cora  mamory  Tha 
applied  cii'cuH  dasign  anablas  tha  writing  of  a ccntmuoui  cur  e, 
which  may  ba  arbitrarily  composed  of  and  lines  The 

orasantation  of  alphanumeric  symbols  and  complex  gaomatnc 
figures  It  parformad  using  a 15  by  15  dot  matrix  for  construction 
C^or  coding  capability  is  provided  bv  i^ultilaya'  CRT  Since 
progrjmming  of  tha  displayed  pict^  t.  i.«  done  by  simple 
statamants  on  punched  tape,  the  ganaratnr  becomes  an  excellent 
artd  flaKible  eiponmental  device  for  ir>a  hurran  engnceriog 
evaluation  of  electronic  displays  An  exampie  for  app:<. nation  i$ 
cued  Author 

N72-22629/tf  Messerschmitl  Boelkow-Blohm  GmbH.  Munich 
fWest  Germany) 

A METHOD  05  MAN  OlSPLAY/CONTROL  SYSTEM 

EVALUATION 

Ruediger  Sailen  (British  Aircraft  Corp  . Preston  Engiandi  Man  F 
Oaniali  (British  Aircraft  Corp . Preston.  England),  and  At  .us 
Schmidt  h\  ACARO  Guidance  and  Control  Displays  <*eb 
1972  9 p refs  :See  N72  2262  . 13-21) 

Avail  NTIS 

A method  of  evaluating  the  design  and  assessing  the  layout 
of  an  aircraft  ccKkpit  is  described  Factors  significantly  if  ecting 
the  design,  such  as  scenario,  operational,  and  equipment 
requirements  are  initc^luced  and  a description  of  the  rig  facility 
provided  The  use  of  the  Cooper  Harper  rating  systern.  semantic 
differantiBit.  and  guided  interviews  in  the  analysis  of  subteci 
performance  and  opinion  is  ('?scr-bed  It  is  onr:.  :)«d  th«#t 
complex  man-diiplay/contfo!  systems  can  only  be  opt* ''•ted  by 
the  adoption  o*  a comprehensi  .e  approach  to  jx».rnmental 
studias  Author 


N72-22630* Massachusetts  Inst  of  Tech.  Cambridge 
M n-Vehtcle  Lab 

INTEGRATED  DISPLAY  PRINCIPLES  AND  SOME 
APPLICATIONS  TO  V STOL  AIR'TIAFT 
Laurer>crt  R Young  In  AGaRO  Guioance  and  Control  Otsplava 
Fab  ^972  7 p .efs  (See  N72-2262 1 13  21! 

(Grant  22  009  025) 

INASACH  126153)  Avail  NTlS  CSCLOlD 

Design  guidelines  fur  pictorol  integrated  displays  are 
presar.ted.  and  include  the  display  format  and  scaling  ba^ed  on 
expected  flight  path  control  requifernents  The  guidelines  ore 
illustrated  by  the  bottom  vrmrlow  predictor  VTOL  display,  a 
pervpectrve  glide-slope  contact  analog  V^STO'  display  and  an 
airbori^n  air  traffic  situation  display  Author 


N72-22S31f|i  Veremigte  Fiugtechmsche  Werke-Fokke<  GmbH 
Branan  (Watt  Germany) 

EVALUATION  OF  AN  INTEGRATED  FLIGHT  OISPL\Y  FOR 
VHE  MANUAL  IFH  LANDING  OF  VTOL  AIRCRAFT 
H J Kornstaedt  and  J Plenmgstorf  In  AGAHO  Guidance  and 
Control  O.sfMay*  FaU  .372  © p refs  (See  N72-22621 

13  211 
Avcil  NTIS 
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An  integrated  flight  display  for  the  hovering  phase  of  a 
VTOL  larKJing  was  developed  The  presentation  of  mform^tioc.  to 
tht.  pilot  IS  evaluate^'  m simulation  by  three  criteria  Isndng 
performin':  w.  pilot  rating,  and  measurement  of  the  pilot's  mental 
workload  Adaptation  of  the  display  dyrtamics  and  the  desired 
landing  profile  lead  to  higher  level  of  performance  at  a decreased 
workload  Author 


N72-22632i  Ministry  of  OefarKe,  London  (Englarid) 

V.'STOL  DISPLAYS  FOR  APPROACH  AND  LANDING 
David  J Waliars  arwj  Ralf  Beyar  (OFVLR;  in  AGARO  Quidarv:a 
and  Control  Displays  Feb  1972  10  p (Soe  N72-22621 

13  211 
Avai>  NTIS 

the  information  requirements  of  a pilot  carrying  ou*  a 
V/STOI  app'oach  arHl  la  ding  under  adverse  wecther  conditions 
are  described  ano  solutions  that  were  tried  out  expenmantally 
are  anatyyed  Among  tlie  tentative  conclusions  are  the  follcwing 
(1!  The  amount  of  information  needed  for  V STOL  displavs  ar>d 
tha  independent  motion  m v.^rious  axes  pose  problems  m 
combining  and  integrating  the  ii'furmation  channels  It  seems 
possible  to  combine  both  a horuontxl  and  a verti  al  display  in 
one  format,  the  most  difficult  element  to  mco'  nate  is  the 
height  information  (2)  Most  cuirent  displays  w(  . empirically 
designed  without  much  regard  for  underlying  principles  (3)  An 
optimum  cost  effective  mix  of  displays  ario  controls  eppears  to 
involve  automatics  tor  inner  loop  stab.;i2ation  and  dsplays  with 
manual  control  for  monitoring  outer  loop  control  14)  Techniques 
of  engineering  displays  for  conventional  flight  appear  adequate 
for  V ' STOL  Author 


N72-22633)ii  Ferrann  Ltd.  Edinburgh  (Scotland) 

A NAVIGATION  COMPUTER  ANO  DISPLAY  UNIT  F^R 
H.XRRIER 

Thr  mas  $ Briggs  In  AGARO  G'lidarice  and  Cootro’  Displayr 
F.o  1972  14  p rets  (See  N72  22621  13-21) 

Avail  NTIS 

The  navigation  display  and  compuier  for  the  Hamer  strike 
aircraft  is  a compact  comprehensive,  am  self-contained  navigation 
irwtfument  It  cc.itaMS  a pictorial  presentation  of  tha  navigational 
situation  in  the  form  of  a projecie  • moving  map.  together  with 
the  means  of  storing  and  select'  ig  the  coordinates  of  a number 
of  destinations  or  fix  points  A v.'t'iety  jf  numerical  informa'inn 
such  as  latitude  and  longiii.de  time  to  go.  and  g.ound  spee.  can 
be  selected  and  displayed  optically  superimposed  on  the 
projected  moving  man  The  display  and  computer  contains  all  the 
facil'i<es  required  for  the  management  of  the  navigation  6>pacts 
of  the  mission  profile  n one  ceritrali2ed  area  of  the  l 'Vnit 
instrument  por»e>  Fart  cular  attention  is  given  to  overcoming  the 
viewing  problems  associated  with  the  use  of  projected  moving 
map  displays  m ronGil.ons  of  h.gii  ambier*  lighting  arxJ  to 
pfovid  ng  navigational  control  and  operational  iscilmes  which  are 
easy  use  m practice  Author 


N72-22634e  Anacapa  Sciences  me  Santa  Br^rbara.  Salif 
CONTEMPORARY  MAP  DiSPLAYS 

James  J McGrain  In  AGARD  Gui.l8r>cn  and  Control  Displays 
Feb  1972  16  p refs  (See  N72  22571  1.3  21) 

Avail  NTIS 

A general  review  of  developrnei  .i  rjpd  capabilities  m 
airborne  map  display  systems  is  presented  A brief  overview  of 
the  co’nphcated  history  of  research,  development,  and  r'perational 
use  IS  presented  first,  and  then  the  development  of  each  of  fo.,i 
basic  types  of  map  displays  is  traced  from  its  origin  to  iti 
present  status  ’’’he  four  types  are  direct  view  njap  displays, 
projected  map  displays,  combined  map/ CRT  iisplays.  and 
eleciroriically  generated  mao  displays  The  ma")  edvantages  <nd 
limitations  of  each  lyt/e  are  rioted,  and  the  various  wotS  ih 
which  the  basic  de’':gn  concapts  have  been  irnplemented  are 
described  A nur.'.h.jr  of  desir^n  issues  and  operational  pioblems 
of  cu"ent  impunoocc  are  idrntifieO  and  briefly  discussed 


Auificr 
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N72-22636#  Smiths  Iniusiriat  Ltd.  Bishops  Qesvs  (En^Und) 
Aviation  Div 

THE  IMPACT  OF  ADVANCING  TECHNOLOGY  ON  THE 
EVOLUTION  OF  ELECTRONIC  HEAD  UP  DISPLAY 
S'^STEMS 

John  H Smith  In  AGARD  Guidsncs  and  Control  Otsplays 
Fab  1972  10  p (Sae  N72-2262 1 13-21) 

Avail  NTIS 

Th«  history  of  aiectromc  head-up  display  system  as  applied 
to  military  aircraft  is  Outlir>ed  The  vanoiis  ma|nr  developments 
demanded  by  suocessiva  avionic  systsnt  reduiraments.  and  the 
way  in  which  advancing  techruMogy.  mainly  in  the  are#  of 
components,  sllows  these  irKraasmgly  stringent  raguiremants  tc 
be  imv^lamented  are  discussed  The  mam  amphasis  is  on  the 
engmaenrtg  and  hardware  ss^^ts.  ar>d  systems  fitted  to  current 
productiOT)  sircrefi  such  as  the  Harrier  are  discussed  Reference 
IS  also  made  to  ihe  most  recent  developments  where  cori'iputetion 
for  weapon  deiivs'y.  or  other  purposes,  can  be  provided  as  an 
integral  facility  withm  the  electronics  un«t  Author 


Fi72-22636#  Elliott  Flight  Automation  Ltd  . Rochester  (England) 
AifpOr.'  Aorks 

SOME  ENGINEERING  AND  OPERATIONAL  FACTORS  OF 
MULTISENSOR  OISPIAVS 

P A Hearne  and  O W Hussey  M AGARO  Guidance  and 
Control  Displays  Feb  1972  1 4 p (See  N72 -2262  1 13  21) 

Avail  NTIS 

The  operational  advantages  of  presenting  a range  of 
complementary  data  to  the  aircrew  from  which  they  can  make 
imoroved  deduct've  ludgaments  is  briefly  discussed  and  some 
opjfstiorial  requirements  are  outlir>ed  The  engineenr>q  solutions 
•re  shown  to  favor  a raster  based  display  whici<  can  accommodeie 
both  computed  and  sensor  data  m the  same  fr  i.nat  Methods  of 
dispisy  computation  anO  seen  cunvarsior.  «sscc.;,tcd  v.ith  this 
raster  technique  are  described  and  typical  displays  produced  by 
these  methods  are  illustrated  Author 


N77  .'2C37il  Cempagnie  Generate  de  Teiegrephie  sens  Fii 
Pens  (I  ranee)  Oiv  des  Equipments  Avioniques  at  Spetiaux 

INTEGRAL  C<  MMANO  AND  CONTROL  SYSTEM  FOR 
AIRCRAFT  [vfSTEME  INTEORF.  DE  CONTROLS  ET  OE 
COMMANDS  DES  AVlONSj 

Marie  Jacques  Ju)lier>  in  AGARO  Guidance  and  Control 
Displays  Feb  1972  12  p in  FRENCH  (See  N72  22621 

13-21) 

Avail  NTIS 

Operating  characteristics  and  techniques  are  viresenled  lor 
an  aircraft  integrated  command  and  co~*rol  system  The  system 
•«  designed  to  esse  the  onmarv  tasks  ol  pilots  m the  coming 
years,  tasks  which  have  become  increasingly  difficult  due  to 
machine  complexity  and  steadily  growing  air  traffic  density 

Transl  by  K P 0 


N72-22638#  Air  Force  Materials  Lab,  Wright  Patterson  AFB. 
Ohio 

MATERIALS  AND  TECHNOLOGY  FOR  NEW  INFORMATION 
OtePLAYS 

Patrick  M Hemenger  In  AGARD  Ouidar>ce  and  Control 
Oitpiays  Feb  1$72  9 p .efs  (See  N72-2262  1 13  2i) 

Avail  NTIS 

The  currer^i  status  of  electroluminescent  mctenels  and 
devicee  is  reviewed  The  ••■nitations  of  the  presently  important 
materials  GaP  (gallium  phosphide)  and  GcAsP  (galhum  arsenide 
phosphide)  are  di^ussed.  followed  by  e survey  of  candidate 
materials  for  future  display  systems  in  panicui/-r,  the  pote.inai  of 
groups  2 6 semiconductors  is  presented  along  wnn  some  recent 
experimental  results  Author 


N72-22639i)l  Fe^rend  Optical  Co . Inc  . Velheila.  N Y 
A MULTIPURPOSE  WIDE  FIELD.  THREE  DIMENSIONAL 
HEAD  UP  DISPLAY  FOR  AIRCRAFT 

A LaRussa  in  AGARO  Guidancv  and  Control  Displays 
Fab  1972  lOp  ref  (See  N72  22621  13  21) 
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Avail  NTIS 

A aystam  useful  to  pilots  for  approach  ar>d  lar>ding  ar>d  for 
•navigation  la  dasenbed  Attitude,  airspeed,  altitude,  and  spatial 
location  as  derived  both  from  analog  display  which  is  proioctad 
through  iha  wir\dscraen  arid  superimposed  on  the  real  world 
view  ihe  display  is  a *hree-dimensional  roadway  in  the  sky. 
down  which  ,he  aircraft  can  be  Rown  either  for  navigation  or  to 
a touchdown  on  the  runway  The  roadway  may  also  be  used  10 
defir>a  a holdir>g  pattern  or  even  a complete  route  from  takeoff 
to  touchdown  The  ihree-d  mensionsi  analog  display  reducaa 
pilot  interpretation  time  and  thereby  provides  for  better  aircreh 
control  Author 


N72-22S40I  Motorola.  Inc  . Scottsdale.  Ariz 
A TRUE  3D  OR  FLAT  2D  DISPLAY 

Jordon  D Lewis  (Battetle  Develop  Cc*d)  and  George  P Waitir>g 
In  .XGARD  Guidance  and  Control  Displays  Feb  1972  6 p 

rets  (See  N72-22621  13  21) 

Avail  NTIS 

A display  principle  hs  described  for  a true  3-0  display  or  a 
me  (icolor.  solid  state.  Rat  pare)  display  The  display  volurr>e  or 
Surface  is  a transpcrerii  material  m which  an  isolated  moving 
spot  IS  created  Arbitrary  2 D or  3-D  figures  are  generated  by 
rapidly  moving  tha  spot  in  two  or  thiee  dimensions  refreshed  at 
a sufficient  rate  to  eliminaie  Ricker  Data  r«>ay  be  entered  from 
conventional  sources  into  the  refresh  memory,  ar>d  manual 
interaction  via  a movable  cursor  is  possible  The  advar>tages  of 
presenting  3 D information  m a true  3-0  format  are  discussed, 
arwi  applications  to  display  clutter  reduction  are  described  The 
requirement  for  a compact.  Rat  panel  cockpit  display  is  directly 
addressed  Author 


N72-22b41#  Singer  Kearfolt.  Lima  Falls  NJ 

SPACE  technology  APPLICATIONS  TO  GUIDANCE 

AND  CONTROL  DISPLAYS 

J<»«ph  Koprowski  In  AGARD  Outdance  and  Control  Diapla/a 
Frj  1972  lip  rale  IS«e  N72  22621  13-211 
Avail  NTlS 

Spacecraft  displays  with  their  need  lor  small  sue.  low 
weight,  .ow  power  consumption,  end  high  retiebility  have 
required  all  solid  state  digital  displays  using  electroluminescent 
or  light-emitting  diode  illumination  techniques  Advenced 
integrated  circuit  olectronics  novel  mechanical  packaging 
techniques,  end  high  reliabihly  asaiirance  progrerns  ere  used  m 
these  displays  These  technologies,  and  several  existing  and 
other  under  development  aserospece  displays  and  control  units 
utilizing  these  technologies  are  reviewed  Author 


N72  22642a  Anaespa  Sciences.  Inc  . *^.enta  Barbara  Calif 
UTILITY  OF  THE  VERTICAL  CONTACT  ANALOG  DISPLAY 
FOR  CARRIER  LANDINGS:  A DIAGNOSTIC  EVALUATION 
Kenneth  D Cross  and  Frank  R Cavailero  (Naval  Misaiie  Center) 
In  AGARO  Guidance  and  Control  Displays  Feb  1972  1 1 p 

refs  C^e  N72  22621  13  21) 

(ONR  Proi  0 0077  ONR  Proj  0 (3078  ONR  Proj  0 (3079) 

Avail  NTIS 

The  accuracy  of  the  pictonel  vertical  S'tration  display 
generated  by  e digital  computer  was  evaluated  Position  and 
attitude  errors  <ve'~  measured  under  each  of  five  expenmentel 
conditions,  a full-scale  sin^ulsted  earner  lending  task  and  four 
pan-taska  The  pert-tasks  were  designed  to  assess  the  degree  to 
which  display  resolution,  temporal  loading,  and  cor.lrol  complexity 
contribute  to  iota)  system  erro'  All  three  attitude  parameters 
were  controlled  wuh  a high  Oegree  of  accuracy  under  all 
conditions  Control  of  vertical  and  lateral  position  m ibe  fuM  sr^ate 
••muittion  cor>dition  was  accomplished  with  ebont  the  same 
accuracy  and  prccjsion  as  that  reported  tp'  acvjs'  (day)  earner 
lendings  m F 4 eircraft  The  part-task  data  revealed  that  the 
largest  contributor  to  lateral  error  was  control  complaxity. 
whereas  display  resolution  anq  temporal  loading  were  four>d  to 
be  large  end  roughly  equivalent  contributors  to  vertical  error 

Author 
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N72*l.?043j|f  Air  forci  Flight  Dynimict  Lab  . Wnght-Panarton 

AFB.  0/uo  Flight  Ock  D«v«logmant  Branch 

RATE  OF  CC08URC  AS  A PERFORMANCE  AS  A 

PERFORMANCE  MONITORING  PARAMETER 

Eldon  M Bobbort  and  K*nn«th  R Woodruff  (Sya  flaa  Lab« . 

Inc  . Otyloo.  Ohio)  M AGARO  Guidar^a  and  Control  Oitplaya 

Fab  1973  11  p raft  ISaa  N72-22621  13-21) 

Avail  NT1S 

Sorvayt  on  approach  and  landing  accidants  ravaalad  (ha 
naad  for  rjia-of-cloaura  information  Praaantmg  iha  information 
artd  aubjoctir^g  it  to  oparaiionai  cnucitm  wara  accomplithad  vnth 
a timulabon  avaluation  of  a modifiad  Atirtuda  Oiractor  Indicator 
|AOl)  incorporatirtg  (ha  rata-of-clotura  inlormauon.  a two  phaaa 
flight  taat  avaluation  of  tha  aama  mdicaior.  artd  a aimulation 
avaluation  of  a cathoda  ray  tuba  AOI  with  raia-of-cioaur# 
information  praaantad  atmilariy  to  hov»  it  la  praaanted  m the 
alar^romachantcal  AOI  Tha  ratuita  ara  axplicit  in  that 
ratc  of-cloaura  information  ii  a raquiramtnt  in  tha  approach  and 
landing  modaa  and  doaa  a good  |ob  aa  a parformanca  monitoring 
paramatar  Author 


N72-22644I  Air  Forca  Flight  Oynamict  Lab  Wnght-Panaracn 
AFB.  Ohio  Flight  Deck  Oavaiopmant  Branch 
THE  ELECTROLUMINESCENT  LIGHTING  RESEARCH 
PROGRAM 

Oivid  L Tu'nay  artd  Laroy  Addia  (Lear  Siagler  lr>c . Grand 
Rapidt.  Mich  ) fn  AGARO  Guidar>ca  and  Control  Oitpliyt  Fab 
1972  lip  r«K  (Sm  N72-22621  13  21) 

Avail  NTIS 

C>parimania  flown  in  a T-39  aircraft  by  axpanancad  pilota 
wara  dacignad  to  timulata  diffarant  typat  of  oparadonai  fligiiia 
by  prograaaivaly  mcraaaing  tha  artarnal  viauai  task  loading  on 
tha  pitot  Beth  ot|acti«a  maaaurvmontft  and  pilot  opinion  data 
ware  obtainad  on  dtapUy  illumination  endar  axternal  ambiant 
illumination  ranging  from  twilight  to  night  no  moon  condrtKKU. 
Photomainc  data  thowad  that  tha  pilot  a dtaplay  lighting 
raquiramanta  wara  mfluancad  by  (ha  outuda  iliurriination  onty 
whan  thra  I'luminahon  excaadad  001  foot  candlaa  Whan  tha 
night  illumination  fall  balow  ihia  laval.  diaplay  illumination  was 
primarily  influancad  by  tha  pilot  a praftight  dark  adaptation,  (ha 
typa  of  info  maticn  raquirad  for  auccaaaful  miaaion  compiaiK>n. 
tha  priority  tha  oiIot  placad  on  tha  information  availabla.  ar>d  tha 
affacta  of  cockpit  lighting  on  diaptay  lagibility  Author 


N72'2768la  Adviaory  Group  for  Aerospace  Research  and 
Development.  Pans  I France) 

GUIDANCE  AND  CONTROL  OF  TACTICAL  MISSILES 

May  1972  I 1 6 p rets 

(AGARD  LS-521  Ava.l  NTiS  HC  $0  00 

The  control  and  guidance  of  tactical  miss:les  with  errphasia 
on  cost,  reliability,  and  performance  are  discussed  The  utitity  of 
modern  analysis  and  avak-ation  tools  and  techniques  associated 
with  the  aave^al  commonly  used  control  and  guidance  concepts 
are  also  examineJ  For  movidual  idles,  sea  N72  27682  through 
N72  27693 

N72-27682  Mir+in  Manetta  Corp  Orlando.  Fla 

GENERAL  CONEIOE  R A Tl  0 N S IN  GUIDANCE  AND 

CONTROL  TECHNOLOGY 

Philip  C Gregory  In  AGARD  Guidance  and  Control  of  Tactical 
Missiles  Mav  1972  14  p (For  availaoilily  see  N72  27681 

16  21) 

A pariic-jiar  set  Of  rnissiOn  requirements  for  an  a<r  to  air 
miisile  and  an  automated  design  process  to  ayniheaife  these 
requirements  into  the  preliminary  desigr'  of  a missile  end 
guidance  system  are  described  This  process  makes  use  of  the 
CAMS  (Computer  Aided  Missile  Synthesis)  digital  computer 
program  which  was  developed  to  ll‘  synthesize  missile 
configurations  inclurjing  the  guidance,  controls,  secondary  power 
wxfhaad  and  propulsion  subsystems  (2r  furrnsh  resulting  (light 
.r-iformance  including  traiectones  and  miss  d'Siarice,  and  (3* 
estirr>atO  unit  costs  Author 


N72-27BB3  6oemg  Co  Seattle  Wash  Aerospace  Group 
DEVELOPMENT  OF  CONTROL  SYSTEM  REQUIREMENTS 
Robert  Goodsiam  M AGARO  Guidance  and  Control  of  Tactical 
Miaailaa  May  1972  7 p (For  availability  tee  N72-27681 

18  21) 

Tha  davaiopmar^t  of  control  sysiam  requirements  for  tactical 
missiias  if  discussed  Tha  timirtg  of  control  system  raquiramants 
acuj  the  manr>ar  m which  requirements  are  incorporated  era 
described  Three  examples  are  presented  to  show  the  variety  of 
issues,  candidate  solutions  and  seiacnor^s  of  control  systems  to 
meat  requirements  The  type  of  weapon  system  requirement 
process  of  analysis  and  reasoning  on  concept  selection  are 
•r^cluded  to  show  application  to  advanced  missile  design  Author 


N72  27684  McDonnell  Douglas  Astronautics  Co  Huntir>gton 
Beach.  Calif 

ADJOINT  SOLUTIONS  TO  INTERCEPT  GUIDANCE 
O L Pitman  In  AGARD  Guidance  and  Control  of  Tacticaf 
Missiles  May  1972  5 p (For  availsbilMy  sea  N72-276B1 

18  21) 

The  adjomt  equations  yielding  the  error  sensitivities  of  • 
linear  system  are  explained  The-  Laplace  transforms  represa>  ‘.ng 
(he  solutions  oi  the  adjomt  equations  of  a linear  miarceptor 
guidance  system  are  developed  The  solutions  for  an  mtarcaptor. 
repraienied  by  a first  order  lag  ai^d  utilizing  proporlionel 
r. ivigation  are  derived  Author 


N72  27686  McDonnell  Douglas  Astronautics  Co.  Huntington 

Beach  Calif 

OPTIMIZATION 

O I Pitman  In  AGARD  Guidance  and  Control  of  Tactical 
Missiies  W«y  i973  4 p iFui  ow^ii^uinty  see  N72-27631 

18  21) 

The  piocedure  for  optimizing  a linear  system  agamsi  a 
quadratic  cost  function  is  developed  by  the  method  of  compltting 
a square  The  optimal  intercept  guidance  law  agamst  a 
nonmaneuvering  target  when  the  cost  energy  lost  to  drap  is 
fhown  to  be  proportional  navigaiion  w’.h  a gam  of  3 Author 


N72-27686  McOonneM-Dougias  Astronautics  Co.  Huntington 
Beach  Cell! 

KALMAN  FILTER 

O L Pitman  In  AGARO  Guidance  and  Control  of  Tactical 
Missiles  May  1972  6 o IFor  availability  see  N72-276B1 

18  21) 

The  Kalman  filter  is  developed  as  a rational  application  of 
Gauss  meinoo  oi  laati  mean  square  error  summing,  wnicn  adds 
together  independent  measurernenis  and  estimates  proporliOnaMy 
10  the  inverse  of  the  variances  of  expected  errore  The  discrete 
measurement  summer  is  developed  into  the  continuous  filter  by 
shortening  the  lime  between  measurements  Author 


N72-27687  Royal  Aircraft  Establishment  Farnborough  (England) 
NUMERICAL  ANALYSIS  AND  SIMULATION  EVOLUTION 
£ Heap  In  AGARD  Guidance  and  Control  of  Tacncal  Misiilas 
May  1972  7 p IFor  availability  see  N72  27681  18  21) 

A review  IS  given  of  the  quontiiative  jdvar'tagei  and 
disadvantages  of  digital  and  analogue  computer  tachnm-.ei  for 
(he  Simulation  of  missile  guidance  and  control,  end  a methodoiugy 
of  using  hybrid  simulation  is  developed  it  is  shown  how  a hybrid 
computer  can  be  used  to  ad  the  choice  of  an  accaptebie  miisiia 
tyslem  Within  a Wide  spectrum  of  complexity  particularly  when 
many  non  linear  factors  and  statistical  aspects  are  involved 
Utinq  this  facihiy  mathematical  modellirg  not  only  heic  » specific 
prO)6cts  in  their  RAO  phases,  but  it  can  contribute  to 
management  decisions  m feasibility  studies  m the  choice  of 
missile  mstrumerii  combinations  and  in  tha  apacificalion  of  than 
desired  standard  ol  pedofmence  U can  also  safeguard  agamst 
complex  syiierns  bemg  over  des'yf'ed  to  the  deirimant  of  tlifr 
ro*i  Author 
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N72  27696  Madm  Maoatla  Cofp  Orlando.  Fla 
LABOnATOflY  TECHNIQUES  AND  EVALUATION  METHOD 
OLOGV 

Philip  C Gregory  /o  AGARO  Guidance  erxj  Control  of  Taci>cal 
Mretilea  May  1972  10  p iFor  availability  tee  N72-77681 

18  21! 

The  characteri»t»ct  of  typical  elecuo-opti'^al  terminal  guidance 
subsyaiemt  ir^ciudir^g  arei  correlator  and  gated  irackert  a>e 
furntahed  10  define  thote  parameiert  (aim  end  lock  on  capability 
tracking  accuracy  tracking  bandwidl-^.  aspect  angle  capabiitty 
sensitivity  to  target  and  light  level  variations  acouisition  envelope 
ar%d  range  Cloture  effects!  which  are  important  to  the  sysiam 
usar  A laboratory  designed  lo  repeatedly  measure  tnese  properties 
IS  described  Typical  area  correlator  tracker  characteristics  are 
furnished  and  a run  schedule  defined  to  eva  jate  the  performsnce 
parameters  described  An  economic  analysis  n presented  to 
illustrate  the  potential  cost  savings  over  flight  test  Author 

N72  27689  Boeing  Co  Seattle  Wasn  Aerospace  Group 
GUIDANCE  LAW  APPLICABILITY  FOR  MISSILE  CLOSING 
Robert  G~>odstein  In  AGARO  Guidance  and  Control  Of  Tactical 
Missiles  May  19'^2  6 p (For  availability  see  N72  27681 

18-2  1 1 

Guidance  law  general  types  to  produce  mittile  steering 
Signals  from  sensed  target  information  leading  to  suitably  close 
misi  distances  S'e  discussed  M>ss  distance  vinationa  for  the 
c-Hereni  guidance  lews  are  displayed  for  art  air  target  intercept 
as  taigei  and  musiie  characteristics  are  changed  A genera* 
comparison  of  guidance  law  applicability  is  presented  for  au  ar>d 
Surface  targets  Au'.hor 

N72-27690  Aeronautical  Systems  Oiv  . Wnght  Patterson  AF6 
Ohio 

SELF  CONTAINED  GUIDANCE  TECHNOLOGY 
n »•»'  Ac«s,  Jr  !r.  AGARO  Conuo*  ni 

Missiles  May  1972  18  p refs  (For  evaiieoility  see 

N72  27681  18  21) 

Ined'ai  technology  for  a seif  contained  guidance  capability 
applicable  to  tactical  air  to  ground  missiles  «s  discussed  The 
basic  rnediai  system,  whch  consists  of  accelerometers  gyros 
and  a compute  immunt  to  Outside  interference  and  therefore 
ideally  suited  to  rmiitary  appi'Caitons  <n  a hostile  environment 
Inertial  technology  hea  progressed  to  a pomt  whe>e  equipment 
size  and  cost  are  within  reason  lor  use  with  the  lacdcei  miisiie 
The  basic  princ:  les  and  limitations  of  meri<al  guidance  including 
theory  of  ope>ai>on.  and  physical  and  analytic  coornmate  systerr. 
stabilization  ere  presented  Sources  of  error  anr*  ihe  propegation 
of  these  errors  ere  described  Various  methods  of  alignment  end 
system  mechanization  are  conaidered  The  state  of  the  ed.  end 
the  research  and  dev- lOpment  process  for  menial  systems  it 
dis.ussed  Factors  influencing  the  research  and  development 
process  are  lOentiSea  along  with  tha  reiBliunship  ue(wve«ii 
system  reliability  and  cost  Author 

N72-27691  Aeronautical  Systerns  Oiv  . Wright  Patterson  AF0 
Ohio 

APPLICATION  OF  INERTIAL  TECHNOLOGY  TO  AG 

MtSSfLES 

R W Acus  Jr  In  AGARD  Guidance  and  Control  of  Tactical 
Missilat  May  1972  1 1 p refs  (For  availsbiliiv  see 

N72  27681  16  211 

inediai  technology  for  airborne,  stand  Off  tactical  ^reapon 
systems  both  as  a midcourse  guidance  system  and  whar%  used 
in  conjunction  with  a terminal  guidance  sensor  ii  discussed  The 
capabilities  of  pure  mertial  guidance  are  examined  as  the 
midcoufse  guidanre  system  for  a stand  off  missile  The 
refaiionships  between  enemy  defenses  aircraft  capability  arid 
missile  performance  are  used  to  define  a hypothetical  mission 
and  a set  of  guidance  system  rerjuirements  Error  magnitudes  are 
selected  and  missile  positional  enor  it  determined  as  a function 
of  rcr^gc  The  2!S''d  'ang?  0*  fhis  wnepnn  sveiem  i« 

limited  by  the  performance  of  the  midcourse  guidance  system 
Various  nietnods  of  irnpioving  midcourie  guidance  performance 
ere  expiorerj  Ti>e  advantages  and  hmitatioris  of  an  aided  inert*ai 
system  are  reviewed  with  emphasis  on  rett*ining  the  advariiages 
of  the  self  coriisined  system  Author 


N72-27S92  Royal  Aircraft  Estai  iishmeni  Farnborough  tEngland) 
METHODOLOGY  OF  RESEARCH  INTO  COMMAND  LINE 
OF  SIGHT  AND  HOMING  GUIDANCE 

E Maap  In  AGARO  Guidance  arvd  Control  of  Tactical  M'sailes 
May  1972  9 p (For  availability  see  N72  27681  16  21) 

Research  of  command  lo-ime-of  sight  (CLOS)  guidaf'ce  and 
semi  active  homing  missile  systemi  is  presented  It  discusses  the 
kmerriatics  of  various  guidance  lews  from  CIOS  to  pursuit 
courses  end  proportional  navigation  from  a fundamantai  point  of 
view  The  interaction  between  the  guidance  requ.rements  end 
the  missile  system  is  covered  and  it  is  shown  that  th«  autopilot 
and  ser^«or  effects  need  to  be  considered  in  hybrid  computer 
simulations  The  implications  on  computer  requirements  for 
optimum  fitieriog  are  also  discussed  Author 

N72-27693  Raytheor>  Co.  Bedford  Mass  Missile  Systems 
0»v 

PULSE  DOPPLER  MISSILE  GUIDANCE  REPRESENTATIVE 
PARAMETERS  AND  ASSOCIATED  FIRE  CONTROL 
CONSIDERATIONS 

Henry  Zuemdorfer  Howard  Lynn,  and  Gordon  Kettering  In 
AGARO  Guidance  anri  Control  ol  Tactical  Missiies  May  1972 
17  p fef(Foravailobii>tyi.eeN72  27681  l8  2li 

The  principal  problems  acid  solution  optior^s  available  fo* 
an  weather  attack  of  small  tactical  targets  are  discussed  The 
requiiennent  foi  all  weather  operation  agamst  relatively  smah  and 
possibly  mobile  ia>geis  dictates  the  use  of  microwave  guidance 
sensors  The  problems  of  detection  and  the  tracking  and  fire 
control  consideratior^s  associated  with  the  attack  of  three  generic 
types  of  tactical  targets  are  presented  The  characteristics  of  the 
available  sensors  are  described  and  the  appioai'cns  fo'  vauous 
Situations  are  examined  Author 

N73-206B4F  Advisory  Group  for  Aerospace  R>/Starch  tod 
Oevefcp.T.cr.t  'Frj.-^ce! 

fNERTIAL  navigation  COMPONcNTE  AND  SYSTEM 

Feb  1973  402  p refs  In  ENGLISH,  partly  m FRENCH  Presented 
at  th  1 Sih  Meeting  of  the  Guidance  ana  Control  r^anei  of  AGARO 
Florence  2 8 Oct  1972 
(AGARD  CP  Mb)  Avail  NTIS  HC  $22  25 

The  proceedmgi  of  a conference  on  mertiel  navigation 
compor>enis  and  ayiterri  are  presented  The  obiective  of  the 
meeting  was  to  provide  current  information  of  meaial  navigation 
developments  and  to  discuss  applications  and  lest  results 
Emphasis  was  picceO  on  concepts  and  lechrugues  which  show 
the  trade  offs  dealing  with  cost  versus  performance  The 
subjects  discus.*ed  include  dr  strapped  down  meriiai  guidance 
systems  (2)  inertial  navigation  systems  for  tha  tpece  shuttle 
13)  materials  for  the  martial  navigation  systems.  (4)  gyro  stabilized 
platform  applications.  (5)  meriial  system  for  mistile  midcourse 
guidance  and  (6)  fault  iioiMion  and  maintenance  concepts  for 
rr>eriiai  navigation  systems  For  individual  tmes.  see  N73  20685 
through  N73  2071  7 

N73-20686  Otficme  Galileo  SpA  Florence  (Maly) 

STRAPPED  DOWN  INERTIAL  GUIDANCE  SYSTEM  STUDY 
R Baidassini  fomana  i>-'  AGARD  Inertial  Navigatior.  Componanis 
ar>d  Systems  Feb  19'^3  42  p lafs  (For  availability  see 

N73  20694  n zn 

The  sources  ar^d  magr.itudos  of  errors  occurring  m a 
etranped  down  errvitonment  are  discussed  The  functions  of  the 
accelerometers  ard  gyroscopes  m a strapped  down  system  are 
deec'  bed  The  parameters  which  must  be  investigated  end  defined 
to  eve  uete  the  perforrnence  of  a tiebili/ed  platform  ere  tabulated 
The  requirements  of  mertie!  sensors  for  rnamiaining  vehicle 
ahiiude  velocity  and  position  ere  examined  Methemaiical  models 
for  determining  the  errors  produced  by  venous  parameters  which 
affect  the  medial  system  aie  developed  Oiegran  s of  typical 
eirapdown  systems  ere  included  P N F 

N73'201tB6  MassachLseits  Inst  o'  lecri  C^tmunjge  Cneilas 
Stark  Dr  I,  ■ Lab 

SUMMARY  OF  NEW  DEVELOPMENTS  AT  THE  DRAPER 
LABORATORY 

floberi  A Duffy  In  AGARO  Inertial  Navigation  Components 
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•nd  Feb  1973  5 p (For  •vAilibthry  tee  N73-20684 

11-21) 

protects  tnvolvioQ  ihs  dsvelopfreM  of  mentsi 
9uiderKe  tyetemi  tod  coropooemt  are  d«cuseed  The  tppiictt»oo 
of  tnemel  guidaoce  to  lecticti  and  strategic  missile  syaiams  is 
analyied  The  efforts  of  the  laboratory  m support  of  the  Apollo 
pfOiect  are  esamir>ed  Fault  tolerant  design  concepts  m dignsi 
computer  construction  are  advocated  as  a means  of  achtevmg 
improved  relieb<liTY  Systems  for  stabiiuin^;  Orbdal  Aslror>om<cai 
Obeervatory  satellftes  are  reported  Soe<tific  systems  for  lunar 
esplortlipn.  commercial  eir  transportation,  ocesr^ography.  fl»ght 
control,  end  biomedicsl  experiments  are  brisfly  discussed  P N F 

N73-20M7*  Messechusens  Inst  of  Tech  . Cembndge  Charles 
Stark  Draper  Leb 

FAILURE  MANAOIMENT  OF  MULTIPLE  QIMBAL  INERTIAL 
SYATEMS  FOR  SPACE  SHUTTLE 

Devtd  W Dove  and  Richard  A McKarn  In  ACARO  martial 
Navigation  Components  er>d  Sysisms  Fsb  1973  14  p refs 

Sponsored  by  NASA  (For  evtilabilitv  see  N73-20684  11  2o 
CSCL  170 

A failure  detection  and  isolation  technique  for  use  with  four 
gimbsled  tnertisl  msssuremant  units  (IMU'  • presentee  By 
usmg  eimuisted  boo»t  arid  entry  shuttle  trsiectories  with  specific 
pimpled  )MLf  models,  failure  detection  thresholds  are  developed 
based  on  red  line  hfe  dependent  requirernents  and  warning 
threshofdt  within  the  red-ime  thresholds  based  on  expected  wont 
case  IMU  perlormsncs  Using  these  traiectones.  established 
trsfectory  threshold  and  multipte  iMu  modsli.  various  failure 
detection  and  tsotst»on  techniques  are  evaluated  for  eppiicetion 
■n  both  powered  and  unpowered  flight  phases  The  adequacy  of 
the  systems  for  both  attitude  and  velocity  detection  methods  n 
evaluated  and  recommendations  foi  space  shuttle  appheadons 
•re  made  Author 

N73  206M  f/sssachusettt  Inst  of  Tech  Cambridge  Chants 

r'^aper  Ub 

8TRAPOC/VN  INERTIAL  GYROSCOPE 

Micnela  S Sapuppo  M AOARL  Inertiel  Navigation  Components 
and  Systsms  Feb  1973  1C  p refs  (For  evsitability  tee 
N73  20884  1 1-21) 

A miniature  sirvgle  degree  of  freedom  gyroscope  Kee  been 
developed  for  ihe  applrcsnon  to  i strspdown  mertist  guidance 
system  This  development  it  besed  on  meny  years  of  eipenence 
wrth  ths  design  and  development  of  high  perloimence  pendulous 
integrating  gyroscopic  eccelfrometers  (PICA)  By  utilmng  besic 
design  principles  of  the  gyroKCpic  element  contained  m the 
PICA,  which  by  nstuis  Of  the  Pi'jA  operation  presents  S slew 
erwironment  to  the  gyroscopic  element  e strapdown  gyroscope 
evolves  which  operates  er>d  performs  exceptionelly  well  under 
high  imeer  eccelerstions  sort  high  slew  reies  This  peper  describes 
a strapdown  gyroscope  that  less  rhjn  l • l ? inches  m diameter 
by  2 ir>ch#s  in  length  end  weighing  under  1/2  pound  The  angular 
momentum  is  only  8^  ^ 1.000  dyne  cm  sec  which  gives  it 
soverel  netural  benefits  of  smeli  size  low  power  consumption 
hrgh  relisbriiiy.  er\d  reasonable  cost  To  achieve  high  performsnee 
with  low  angiilir  momentum,  low  uncertainty  torques  are  required 
about  the  output  avts  of  the  gyroKOpe  The  design  of  this 
strapdown  gyroscope  involved  Ihe  syetemaiic  ideotificition  of 
each  error  source  couplei  with  the  introduction  of  iubcompor>ent 
design  principles  to  reduce  these  error  magnitudes  and  therefore 
minimize  the  consequential  sources  of  uncertainty  torque 

Author 

N73-20BBB  Mseeschusetts  Inst  of  Tech  . Cambridge  Charles 
Stark  Drape/  Lab 

INERTIAL  OYRO  TESTINO  FOR  RCLIARILITV 
Albert  P Freeman  In  AGARO  Inertial  Navigation  Compor>ents 
and  Systems  Feb  1973  10  p (For  evsilebii'tv  see  N73  20684 

1 1211 

Methods  In.  conducting  reliability  lasts  of  Qvroscoi*es  used 
wrih  I'vsmel  platforms  The  types  of  tests  required  are  defined 
as  (I)  eccepiince  tests  to  determine  if  the  gyroscope  can  meet 
performance  requirerr  ents  and  '21  reliability  and'  or  dr  sign 
verificstion  tests  The  acceptance  tests  ere  identified  to  s -ow 
the  oeremeters  which  ere  measured  The  design  verificeiion  teali 


ere  concerrted  with  ei'Virormei>tai  teats,  reliability  analyses,  and 
ersgtrseenng  evaluation  A typical  reliability  test  specification  is 
included  P N F 

N73  20690  Lmon  Systems.  Inc  . Woodland  Hills.  CeM 

P 4.  A LOW  COST  IMU  RESULTING  FROM  OPTIMUM  SIZE 

DESIGN 

John  H Tamura  ar\d  John  M Peterson  In  AGARD  lr\ertisl 
Navigation  Components  and  Systsms  Feb  1973  9 p (For 

evsilebility  tee  N73-206B4  1121) 

The  P 4 Inertial  Meesurement  Unit  development  program 
was  ufNdertsken  to  achieve  a low  cost  IMU  with  navigational 
accuracy  performance  resulting  from  optimum  size  design  of 
ir>ertiei  instruments  and  platform  This  approach  pieced  a heavy 
emphaaif  on  timpiification  ^nd  reduction  m the  number  arxl 
complexity  of  individual  parti  The  cost-size  tradeoff  stucies  which 
were  conducts  for  the  mertiel  components,  gimbsl  set.  and 
system  duririg  the  design  phase  are  presented  and  discussed 
The  result  of  the  development  program  is  an  inertial  platform  of 
2 3 inches  m diameter  and  3 18  inches  m lervgih.  weighing  1 9 
pounds  and  requiring  26  watts  of  power  The  resulting  inertial 
Ms  isurement  Unit  is  contamed  m a single  package  3S  iriches 
by  3 2C  .."chec  by  7 25  inches,  weighing  6 pounds  Author 


N73-20691  Socieie  i Apphcaiior^s  Generales  d Electricite  et 
de  Mecanique.  Paris  irrance) 

METHOD  OF  MEASURING  THE  INERTIAL  QUALITIES  OF 
A QUASI  SPHERICAL  ROTOR  jMETHODE  OE  MEASURE 
OE8  OUALITES  INERTIELLES  D UN  ROTOR  QdASI 
8PHERICUE] 

L Cemberism  A CevaL  arid  J C Siivastre  in  AOaRD  lr^•rtlai 
.Navigation  Componer^ts  and  Systems  Feb  197  3 9 p refs 

In  FRENCH  (For  availability  see  N73  20884  11  2U 

A rrvethod  fo'  msaiunng  inertia  that  is  applicable  to  spherical 
gyroscope  rotors  with  eiecuic  su»i>«n»iuM  •»  e<>alrZ6w  Tho  met'  cd 
permits  tha  principle  ans  of  inertia  relative  to  the  center  of 
mass  to  he  determined  end  allows  the  relative  diHerences  of 
inertiei  moments  to  be  measured  Trensl  by  6 H W 


N73  20692  Queen  Msry  Coil . London  (England)  Oept  of 
Materials 

MICROPl  ASTICITY  IN  MATERIALS  FOR  INERTIAL 
NAVIGATION  SYSTEMS 

William  Bonneld  In  AGARD  Inertial  Na  ’igation  Components 
ar>d  Systems  Feb  1973  b p refs  (For  evailabihty  see 
N73  2068''  1121) 

The  determ-nation  of  the  friction  suess.  the  microecopic  yield 
stress  (the  suess  to  produce  e plast'c  strem  of  2 x 10(XXXX)6) 
and  the  rate  ot  S.ram  hardanmg  in  the  microstrem  region  is 
descr'hwl  An  evaluation  of  the  influence  of  some  metallurgical 
variables  on  these  parameters  is  piesenied  m which  particular 
reterence  <s  made  to  the  cheracterisi'cs  of  beryllium  aluminum 
end  e copper  beryllium  age  hardening  alloy  The  interpretation 
of  the  nxerostram  results  is  discussed  from  two  sia  >'>pnin<s. 
first  the  development  of  a general  understanding  of  inicropiaf  Ucity. 
and.  aecond  tha  application  of  such  concepts  to  inerticI 
oevigeiion  corrponents  Author 

N73-20693  Army  Electronics  Commend.  Fori  Mqnmouth.  N .• 
Avionics  Lab 

RAPID  INITIALIZATION  OF  INERTIAL  NAVIGATION 
SYSTEMS  THROUGH  PARAMETER  ESTIMATION 

Joseph  A Dasaro  In  AGARO  inertial  Navigution  Comp>ooer^ts 
end  Systems  Feb  197  3 1 • p refs  (For  evailabihty  see 

N73  20684  11211 

The  profrlem  of  rapid  imtisiizetion  of  en  insrtial  rtevigetion 
system  using  an  azimuth  wander  mechanization  ii  treated  in 
deled  An  error  model  is  developed  which  contains  all  significant 
cross  coupling  term  arid  *n«rt'ai  co^nro^'eni  nrihe 

Determination  of  the  initial  a/<mut)i  wander  engle  <s  then  identified 
•s  a pararreter  estimation  problem  wtiere  the  parameter  can 
•aaume  aov  of  a continuum  of  values  (from  O to  2 pi)  Two 
methods  of  solving  perimeter  estimation  problems  currently  in 
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th*  lrt«ttlur«  tri  d»ftcuu#d  Oft*  o*  m*lh<xto  »•  lft*n  tKicnd^d 
to  p#TfTift  tifTt#  optifT\*i  MlimstiOft  of  th*  initial  cximuth  Angf* 
Tb»  pt«Hofm  cofttrofi**  »*  d*v*fop*d  tod  i»^  C¥«fill  tytiam 
CiMcnhifI  RMofts  of  • computer  ftimuUttOft  preMftted 

Author 


N73-20M4  Ttidix  Uiftfaha-AutruMtuftp*  GmbH  H»»d*lb«fo 
(V-  ciit  G«rm*ftv) 

lA  VitTiOATIONS  ON  THI  OPTIMIZATION  OF  AIOIO 
INiNTIAL  NAVIGATION  SVSTfMt 

fUWwr  S Stndlm^r  /n  AGARO  lr>*ni*l  Npv*p«tKKi  Compor%*ftt» 
•nd  Sv«t«m«  Fob  1973  1®  p rof*  (For  «v«riebilrtY  ••• 

N73-20694  11  21) 

T^l•  etrincvnt  porformtrK*  roquir«m«fttl  for  rnodern.  Mif 
OOftUir>*d  ttrereh  ft«vip«lK>ft  tyitemt  c*n  only  b*  met  by  iniegratod 
•yetemt  comb*ning  toerel  irxSepeftdent  navtgat*on  »#n»or«.  like 
mprtiei  meteurement  una.  Doppler  rader.  and  radio  poamon  fiimg 
dwicee  (e  o Tacan)  Some  mvestigadona  on  the  optimxatior.  of 
•4Xh  ir^tegrated  ravigation  syatems  are  diacuised  It  vill  be  ahown 
that  high  navigation  accuracy  can  ba  obtained  evnn  with 
medium-performance  aenaora  by  implementation  of  an  optimal 
eatimation  and  control  filter,  and  by  the  uae  of  methods  reducing 
the  ifttiuence  of  tome  inarnal  aenaor  errors  on  the  system 
performance  The  basic  rule  for  the  realitation  of  an  effectrve 
infegrated  navigation  system  is  to  use  amsors  with  complementary 
rnaracterrtucs.  but  with  mutually  ba  irrced  accuracy  Author 


H73-2069B  Army  Missile  Command.  Redstone  Arsenal,  Ala 
Outdance  and  Control  Oirecic/aie 

COMPUANT  SURFACfcS  FOR  > R SEARtNG  GYROS 
Jemet  V Johnsiort  /n  AGARO  Inertial  Navigation  Components 
and  Systems  feb  1973  8 p reft  iFor  ivaiiabitny  see 

N73  20«84  11-21) 

A development  study  on  a spherical  hydrostatic,  compliar^t 
bearir\g  for  a directional  n>'0  it  ditcutted  The  concept  of  the 
rubber  air  bearing  and  i1:  subsequent  development  ts  traced 
thrrA#gh  its  analyl'cel  analysis  and  espenmental  hardware 
fabricattor  to  tha  tesi  results  Use  of  a compliant  matanat  for 
one  of  the  bearing  s"r  jces.  which  would  gnp  the  ngid  surface 
whan  unpresauriied  corisotules  the  novel  concept  ol  self  cegmg 
Included  m inis  pa^w.  are  the  bas'c  design  curves  developed  for 
the  compliant  bearing  Use  of  these  curves  provides  the  bearing 
engineer  with  the  basic  tools  necessary  to  design  compliant  sir 
beerinps  Unusual  problems  encountered  m the  feh. cation  and 
eviluetrun  of  rubber  bea'ings  are  shown  end  d«s.ussed  Areas 
of  lunher  investigation  aia  mdicatad  which  wou  d enhei  -9  the 
rubber  bearing  devalopmant  tachnologies  Author 


N73-20G96  CIT  Compagnie  induiirieiia  d«»  Taiecommun'caions 
Bniyeres  I#  Chatel  iFrance)  Div  des  Essait  et  des  Systemas 
Inert  lets 

QA$  HYDRODYNAMIC  LANDING  GYROSCOPE  WITH  1WO 
DEGREES  OF  FREEDOM  METHOD  OF  EVALUATING 
PERFORMANCE  IQVROSCOPE  A DEUX  OEORES  OE 
LltlRTE  SUR  PALIER  A OAZ  H YO  R O 0 YN  AM  IQUE 
METHOOE  D EVALUATION  DES  PERFORMANCES) 

Prerr#  leger  in  AC3AR0  Inertial  Navigation  Components  and 
Systams  Feb  1973  19  p rals  In  FRENCH  iFor  availability 

see  N73  20684  1 i 2U 

Two  p'lrciple  means  developed  to  measure  the  functions 
and  performsnee  of  a gyroscope  with  two  degrees  of  freedom 
are  outlined  4 mathematical  mor  el  representing  the  essential 
'har2'‘!eri3t'C*  0*  t''?  9ppnr«t<i«  O’/en  the  formulation  of  paraSil'C 

coup'ing  of  the  gyroscope  under  constant  acceleration,  rs 
described  Statistical  opiimaaiion  w«a  used  to  analy/e  mult» 
positron  effects  sccordmg  to  the  typo  of  gyroscope  and  numeious 
redundarKift  present  »n  a safes  of  measuiements  Probable 
CO  tircients  of  the  modal  and  the  ■jncertamties  associated  with 
ih  se  coefficients  are  evaluated  T/ansi  by  E M W 


N73-20697  Teledyne  Systsms  Co  Northndge  <Ul>f 

dynamically  tuned  gyros  in  strapdown  systems 

Robert  J G Craig  in  AGARO  Inediel  Navrgatioo  Cempooents 
end  Systems  Feb  1973  26  p refs  (For  availabtlity  see 

N73  20684  11  21) 

A review  is  presented  of  the  basic  punciplee  of  operation  of 
the  dyhimicillv  toned  instrument  and  shows  a OY'o  cool»g.;fat»oo 
destg^  for  the  strapdown  use  Characteristic  errors  m a 
muH*g«mbel  design  are  discussed  and  the  basic  error  models  for 
the  gyro,  together  with  its  dynamic  characteristics,  era 
preaeniad  Author 

N73  20698  Air  Force  Awmr.rcs  Lab.  Wright-Panarson  AFfl. 
Ohio 

THE  EVOLUTION  OF  ESG  TECHNOLOGY 
Robert  R Warxynski  and  Ronald  t Rmgo  In  AGARD  Inertial 
Navigation  Componanit  arid  Systems  Feb  1973  8 P iFor 

avadabiMy  see  N73-20684  11-21) 

Tmto  electrostatic  gv'O  (ESG)  navigsiion  systems  are 
iSMcnbed  the  gimbaled  ESG  aircraft  navigation  system  (GEANS) 
and  iha  strapdow:^  ESG  micro  r^avioator  (MICRON)  Ti-»e  ESQ. 
Its  drift  error  sources  the  exploratory  program  *hat  preceded 
the  development  of  the  GEANS  and  MICRON,  arid  the  staius 
of  the  GEANS  and  MICRON  development  are  reported  Author 


N73  20699*  National  Aaionautics  and  Spar.a  Administration 
Marshall  Space  Flight  Center.  Huntsville.  Ala 
PROGRESS  IN  STRAPDOWN  TECHNOLOGY 
J C Hung  (Tenn  Uriiv  Knoxville)  and  G B Ddane.  Ill  In 
AGARD  Inertial  Navigation  0>mporients  and  Systems  Fab 
1973  9 p refs  (Foi  availability  see  N73  20684  11  21* 

CSCL  17C 

Af>  overview  is  presented  of  typical  inertial  grade  msirumenia- 
itcn  available  to  mechanne  precision  swapdown  attituda  rafaranca 
systams  as  well  as  a novel  scheme  of  redundancy  managemeol. 
if  two  c^egiee  of  iraedem  insiiumenis  are  usad  The  instrumentation 
IS  d vided  between  conventional  and  unconventional  sensors  with 
acme  al^a^s^>ent  of  their  leadmess  included  Author 


N73-20700  Air  Fy.;e  Flight  Dynamics  Lab.  Wnghi  Ptnarson 
AF6  Ohio 

inertial  systf.m  enhancement  of  flight  control 

Max  L Lipscomb  and  Fred  0 Smith  AGARD  Inertial  Navigation 
Components  and  Systems  Feb  1973  lip  refs  (For  availability 
see  N73  206B4  1121) 

The  functioris  of  vehicle  flight  control  to  which  a quality 
•rrert-al  system  will  con**>buie  and  in  a number  of  cases  rrieke 
poss'bte  <s  discussed  The  status  of  programs  aimed  toward 
more  fully  de'mmg  and  implementing  these  flight  control  functions. 

(fu-lMdmg  fir  wfffhfr  lAriiiinQ  hk  wfll  ff  fiiinmftir  •ifenr^g  it 

Outlined  With  the  results  a';hievnd  to  date  functional  requirements 
whH.h  Will  be  levied  on  trie  meriiai  system  are  liMod  und  exemmod 
as  13  the  parameters  measured  or  computed,  reliability,  cniicality 
rel#  tiight  safety,  precticaliiy  of  the  systern  for  broad 

applicetrons  from  both  simplicity  of  operairon  and  economical 
standpoints  and  physical  aspects  Both  established  and  probable 
requirements  of  an  accepteble  system  am  noted  The  requirements 
will  of  necessity  sires':  the  fact  that  s<ich  a system  is  a safely 
flight  item  and  reliability  is  extremely  r.nticai  A bnef  survey  n 
presented  of  the  fiends  and  developments  toward  the  systems 
which  will  be  required  to  achieve  universal  integration  ol  inertial 
nevigenon  system  signals  lO'o  the  flight  control  system  functions 
Seve>al  different  types  of  menial  systems  now  unde*  development 
ere  discussed  to  illustrate  iho  tecnnology  which  may  yield 
applicable  systemis  Author 


N73  20701  Army  Electronics  Command  Fort  Monmouth.  NJ 

Navigation  Systemx  Team 

DESIGN  OF  A KALMAN  DERIVED.  FIXED.  GAIN.  HY6HIU 
NAVIGATION  SYSTEM 

W R Light  Jf  R F Clark.  C T Eil'Ott  M J F sher  C J 
Galanti  J A Kmghl  and  I Levine  In  AGARO  IneMial  Navigation 
Components  and  Systems  Feti  1973  10  p refs  IFor  availability 

see  N73  20684  t 1 2 U 


At  prfMnt.  ih«r«  tRisli  • m«ror  eHori  to  <lev«1op  co«t  •H*ctrv« 
Atvi^aoor  tyiitmt  h>r  •ppiicatioo  to  'u  G A/my  aircrafi  M«|Of 
(actM  tfivo<v*d  in  the  (ievign  of  one  candidate  fo<  auch  an 
appitcelion  (a  loran/ mariiei  hybrid  tyatam)  are  diacuaaed  The 
det*on  factort  addressed  include  selection  of  a meaaurement 
proceea«ng  technique  to  be  u*ed  m conjunction  wnth  a Kalrnan 
fiHar  algorithm  and  the  modification  of  thti  atgofithm  to  provide 
Kalman  derived,  fired  feedback  gam«.  free  of  geog*acihic 
depenoance  Relative  performance  of  the  fixed  gam  ar>d  Kelma<- 
aystema  la  caaeaaed  through  anaiyais  of  data  from  both  Monte 
Carlo  computer  aimulationa  and  actual  flight  teat  Author 


N73-20702  Stemheil- Lear  Stegler  A <i  . lamanmg  iWeai 
Germany) 

A THREE  AXIS  GYRO  STABILIZED  TORPEDO  PLATFORM 
Gerhard  Gerbe'  Jn  AGaRO  Irvertial  Navigation  Comportenta 
arvJ  Syattma  Feb  1973  9 p {For  availability  see  N73-206S4 

n-21) 

The  deaign  of  a three  axis  platform  is  described  with 
dimens»ons  of  190  mm  in  diameter  225  r.^m  m ler^gth  and  a 
weight  of  6 kg  with  a ready  time  of  approximately  10  seconds 
The  power  consumption  is  equal  or  less  than  35  watts  The 
attitude  IS  equal  or  better  than  0 3 degrees  m roll  and  pitch 
wrth  a drift  r«te  (depending  on  the  gyro)  of  better  than  4 deg;  h 
in  i2imuth  Th*  oliilorm  it  luoulitd  with  115  V AC  3 ohiu 
tn<J  includtl  111  «l»t>ronic»  Author 


N73-20703  Tachnitcht  Hogttchool  Tw«r\t«.  Entchada  (Naihar- 
larwie) 

DETERMINATION  OF  SHIPS  ORIENTATION  FROM 
ACCELEROMETER  SIGNALS 

R P Offerems  /n  AGARO  Inertial  Navigation  Componer^ts  and 
Syatema  Feb  1973  9 p refs  (For  availability  see  N73  20664 

11-211 

A method  is  described  for  determining  the  orientation  of  a 
ship  uiir>g  only  signals  from  accelerometers  and  without  the 
uae  of  gyroecopes  Three  rotation  accelerometers  and  two 
tranaietioo  accelerometers  a*#  necessary  They  are  ngidiy  attached 
to  the  ship  Their  signels  and  the  signal  of  the  compass  are 
processed  by  a digital  computer  which  performs  a sort  of  filtering 
process  to  compute  continuously  the  three  angles  determining 
thipf  orientation  These  angles  may  be  used  for  controHirg 
equipment  like  radar  guns  etc  The  advantage  of  the  method 
as  compered  with  a solution  usmg  gyros  <s  the  sirnple  and  reiieble 
hardwire  The  critical  point  will  be  the  accuracy  of  meavuremem 
of  rutatfOo  acceifiratiGn  The  computer  p'cs-'am  has  yee:  tested 
arid  now  experiments  are  cerned  out  to  test  the  system  with  a 
model  of  a moving  ship  Author 


N73  20704  Marconi  Elliott  Aviomc  Systems  Ltd  Rochester 
(England)  Inerlial  Navigation  Div 

THE  JBE  OF  A CLUSTER  ROTATED  INERTIAL  SYSTEM, 
IN  A STRIKE  AIRCRAFT  ENVIRONMENT 

0 G Hams  fn  AGARO  ineHiei  Navigation  Components  and 
Syitems  Feb  1973  7 p (For  availability  see  N73-20684 

1121) 

The  Jaguar  meitiai  syste'-*  s described  which  involves  the 
use  of  spatial  commuiatior  of  the  tioriiontai  martial  sensor  errors 
to  achieve  the  required  performance  The  development  program 
concerned  with  the  reahiation  of  the  system  is  reviewed  A 
brief  review  of  the  theory  of  cluster  rotation  and  >is  advantages 
ir,  followed  tjy  tiescnplu-m  of  ti'*»  tliC  tc..h.".iqjc  /.as  8pp'’?d 
to  improve  the  performance  of  an  existing  platform  Other  aspects 
of  the  inertial  navigation  system  where  the  design  was  influenced 
by  the  use  of  the  rotation  technique  are  then  desc-ibed  The 
seque.'Ce  of  laboratory  end  flight  tfd'Is  during  whirh  problem 
areas  were  discovered  ard  the  methods  for  soivmg  the  problems 
•re  difcuised  Author 
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N73-20706  Boemg  Co.  S«anie.  Waih 

DEBION  OPTIMIZATION  OF  GRAM  INERTIAL  NAVIGATION 
AND  GUIDANCE 

J H Whdirsg  and  R 0 Thomas  (SRAM  System  Program  Office) 
/n  AGARO  Inemal  Navigation  Components  and  Sywttma  Feb 
1973  10  p (For  availability  see  N73-2C684  11  21) 

Smea  the  AGARC-  Inertial  Naviqation  Symposia  in  1967  and 
1968.  the  Short  range  atiack  miasile  (SRAM)  has  progressed 
from  the  design  phase  into  production  The  Uruted  States  Air 
Force  s neweti  strategic  weapon  i«  now  eni«-ing  the  inventory 
C'*d  Will  become  operational  latar  this  year  with  the  first  wmg 
of  B-b2  aircraft  modified  to  carry  it  Navgation.  guidance  end 
transfer  of  eligi:.'r«nt  techniques  which  were  being  developed  m 
1968  have  been  incoi.:nreied  into  the  weapon  syaism  and 
successfully  iemonstrated  on  uC  *>iqht  tests  A general  description 
of  SRAM,  unique  features  of  the  SHAM  merAial  nsvigatior.  and 
guidance  system,  and  the  considerations  v*i.  ~h  lad  to  the  final 
deeign  ere  presented  Emphasis  >s  placed  on  in-ri'oht  martial 
navigation  alignment  and  calibration,  arid  design  features  .^^hich 
mmimiie  cost  Author 


N73-20706  Bodensouweik  Geraetetechnik  GmbH.  Ueberhngen 
(West  Germany) 

ADVANCED  PROCEDURES  FOR  SELF  ALIGNMENT  AND 
CALIBRATION  OF  INERTIAL  PLATFORMS 

'J  K Krogmann  In  AGARO  Inertial  Navigation  Compononis 
and  Systams  Feb  i973  18  p refs  (For  sveilebility  see 

N73  20684  1121) 

Starting  with  the  nonlinear  and  linear  model  of  the  IMU  m 
the  gravity  field  c(  the  rotating  earth  it  is  shown  th»i  ;he 
state  vector  noimaily  cannot  be  measured  directly  An  optimal 
estimator  is  necessary  to  estimate  system  state  at  discrete  time 
Different  estimation  techmoues  applicable  for  ahgf>m«int  and 
veiiLMeliuu  #ie  l<e«ieu  u*  Uvlau  end  (.onipaieO  with  respect  to 
complexity  and  efficiency  Closed  loop  as  well  as  quasi-closed 
loop  techniques  are  contemplated  jsmg  Kalman  F Uer  and 
weighted  least  squares  The  problem  of  estimator  divergence  is 
discussed  br.efJy  Author 


N73-20707  instiiui  fuer  Fiugnavigation,  Stuttgart  (West 
Germany) 

PROCEDURES  FOR  THE  ESTIMATION  OF  THE  IN  FLIGHT 
VERTICAL  misalignment  OF  PLATFORMS 
Volkmar  Held  In  AGARO  Inertial  Navigation  Components  and 
Systeme  Feb  1973  16  p refs  (For  availability  see  N73-20684 

11  21) 

Test  flight  measuiemen.s  were  made  with  a smgie  axis  irtemai 
pietfo.m  mounted  in  a Transall  C 160  last  aircroh  For  additional 
vetCfC'tr  ■r.fo.'.T.at.Gn  the  Outputs  of  the  Dopnier  .■adar  were  used 
The  esiirnai'oo  of  the  platform  vertical  misalignment  is  performed 
•n  two  different  ways  with  a so  called  mean  value  procedure 
which  needs  only  the  integral  of  the  liiaiforrn  accelaro'neier  Output 
c d the  eppropnaie  component  of  the  Doppler  velocity  and  with 
e K iimer>  filter  The  dynamic  and  statistic  values  which  are 
necessary  to  implement  the  filter  are  determined  from  th#  flight 
measurements  Different  filter  models  -esuit  m dependence  on 
the  pletforrn  horiion,al  referenc**  axis  i.  ienietion  M«ielive  to  the 
ai.'crah  end  on  the  aircrah  acceieraiiori  according  to  gusts  Th® 
resuhs  of  the  plail.t;m  misalignment  ef-l'mat  on  show  thet  the 
•opf»c.^i»on  of  a Kainai-.  filter  procedure  leads  in  all  trea’ed  cases 
to  the  hast  eslima  lon  accuracy  if  an  additional  velocity 
measurement  is  usel  If  no  dippiar  velocity  measurement  is 
eveiieble  for  the  esi'mition  in#  errors  are  so  large  that  it  «s  not 
worthwhile  to  apply  ihi  sophisticated  Kalman  filter  Author 


N73  20708  Deutsche  F^  rs.,hungs  und  Versuc!  sanslall  fuer 
1 und  Rxnmfxhrl  Rnm-wirh  Gprm;^nv>  Inst  fuer 

Flugfuehfung 

THE  modelling  error  SENSITIVITY  OF  DIGITAL 
FILTERS  FOR  THE  ALIGNMENT  OF  INERTIAL  PLATFORMS 
Hem/  Winter  in  AQARD  ine.-tia.  Navigation  Components  and 
Systems  Fab  1973  15  p refs  fFor  avatiabiMy  ^ee  N73  20684 

1 1 21 » 
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Th«  cfftci  of  inccrrtci  Or  <ocompi«t«  mod«(iir'q  of  • tYptcti 
platform  r>  lub-ophmal  filtars  on  the  alignmer^t  and 
ctlibrihon  accuracy  la  anatyie*;}  Ootad  loop  alignmar^t  with  a 
1 3-d«mana«onal  Kalman  hiter  and  open-loop  alignment  wrth  a 
4-dimanaionai  regraaaion  hhar  are  coniidarad  Simptificat'Ona  of 
ih#  pracompuiad  gam  matni  and  a taiHy  simple  controller  for 
ctosad-loop  airgnmant  are  analyzed  with  raspact  to  their  affect 
on  the  alignment  accuracy  it  is  shown  that  the  modelling  errors 
•n  the  4-dimansional  regrasscn  filter  lead  to  increasing  uncariainty 
in  the  platform  state  astimat>on  after  a certain  astimatior'  time 
The  limitation  of  the  azimuth  alignment  accuracy  caused  Oy  the 
aatt  gyro  drift  is  diKussad  for  different  drift  correlation  times 
between  1 5 seconds  end  infinite  time  and  is  compared  with 
the  ateady  state  azimuth  alignment  error  m a third  order 
gyroccmpeaairtg  loop  Author 

N73-20709  Ferranti.  Ltd  Edinburgh  (Scotland)  Ineitial  Systems 
Oep' 

QYRO  CHARACTERISTICS  FOR  RAPIO  GYRO 
COMPASSING 

K ft  Brown  and  D Anderson  /n  AGARO  Inertial  Navigation 
Compor>er>ts  ar>d  Systems  Feb  1973  16  p ref  (For  availability 

see  N73  20684  I 1 2D 

Inertial  navigation  system  alignment,  of  course  includes 
finding  north  by  gyrocompassmg.  and  around  2 b mmutes  mult 
be  met  if  the  overall  reaction  time  of  the  aircraft  >s  not  to  be 
limited  by  the  system  It  is  found  that  fo'  all  practical  purposes 
the  equipment  must  be  switched  ori  from  cold  and  this  necessitates 
tl  e use  of  the  martial  instr  jmenis  before  they  reach  ihair  designed 
operating  temperature  The  resu'ts  are  givers  of  a program  of 
work  over  many  years,  to  determine  the  parameters  of  single-ans 
floated  gyroscopes,  when  used  m meriial  systems  requiring  rapid 
reaction  grader  thesv  conditions  New  parameters  of  gyro  drift 
have  bean  obtained,  and  the  new  technique  of  system  operenon 
based  on  these  is  outlined  The  performance  obtained  with  an 
inertial  navigation  system  using  these  techniques  is  given  to 
illustrate  the  benefits  to  be  gamed  Author 


N73-20710  LTV  Aerospace  Corp  Oallas.  Ten 
A 7 AIRCRAFT  AIRBORNE.  GROUND.  AND  SHIPBOARD 
INERTIAL  riAVIOATOR  ALIGNMENT  METHODOLOGY  AND 
RESULTS 

M G Johnson.  Jr  in  AGARO  inertial  Navigation  Components 
and  Systems  Feb  1973  10  p (For  availability  see  N7 3 20664 

1 121) 

The  A-70/E  aircrafl  navigation  system  is  described  and  m 
pedicular  the  alignment  method  The  particular  functions  whrch 
the  system  performs  are  outlined  The  alignment  techniques  are 
described  m a basic  fashion  without  delving  into  a detailed 
derivation  Finally,  some  axpenence  gamed  during  the  A-7  program 
15  presented  elcng  wit.h  test  results  Aythor 

N73-2071Y  Norwegian  Onfence  Research  Establishment  Kiaiiar 
Oiv  of  Elsctroo'cs 

PENGUIN  MISSI’.E  INERTIAL  NAVIGATION  SYSTEM 
DESIGN  CONSIDERATION  FOR  MIDCOURSE  GUIDANCE 
H K Johansan  In  AGARO  lr>eriial  Navigation  Compor>ents 
ar>d  Systems  Feb  1973  ) 3 p (For  avai'abiiity  see  N73  20684 

11-21) 

The  midcourse  guidance  of  the  Pengum  ship  to  ship  missile 
requires  an  medial  navigation  system  for  attitude  reference  end 
position  compulation  The  INS  has  a three  axis  platform  with 
resolver  outputs  to  the  guidance  system  and  seeker  head  The 
crosc  track  position  is  computed  by  analog  e ecwomcs  Later 
versioht  o*so  incorporate  down  range  navigation  electronics  The 
mechanics'  design  emphasizes  simplicity  m assembling  an  l 
man'anance  by  making  use  of  a complete  package  design  A 
rapid  initialization  technique  for  use  on  board  small  fdst  patrol 
boats  IS  described  Ir^  azirnuth  resolver  slaving  i$  used  and  leveling 
IS  oerformed  bv  using  the  platform  accelerometers  ar>d  by 
compensating  for  the  ship  horizontal  accelerations  A modified 
tangent  plane  navigation  scheme  is  used  m the  flight  ir>ode 
Navigatior.  accuracy  better  than  200  rn  at  25  km  has  been 
derr.onstratiid  Results  from  error  simulations  and  recults  from  a 
rocket  sled  lest  program  are  shown  Author 


N73-20712  Royal  Aircraft  Establishment.  Farnbrrougb  (England) 
Avioak^  Otpt 

PAULT  DETBCTION  POSSIBILITIES  IN  A SYSTEM  EMPLOY 
INO  KALMAN  FILTERING 

F Cregaon  /n  AGARD  Inertial  Navigation  Components  aod 
SvBtems  Feb  1973  10  p reft  (Fo' availabibTy  see  N73-306P4 

11-211 

•CeL**nan  filtering  it  coming  mto  use  as  a means  o*  miimg 
aeneor  .nformation  in  an  integrated  navigation  system  Use  of 
the  tecl.'ique.  implying  knowledge  of  the  errors  m the  system 
and  thair  statistics.  Simula  provide  a basis  for  fault  detection 
The  repon  quotas  the  basic  Kalman  Mtanng  equations  and 
diacuaaes  the  ir>direct  impit  ner^talion  normally  used  m airborne 
navigation  applications  Types  of  faults  in  the  sensors  are 
categOHzad  accordir>g  to  th#  way  m which  thay  would  affect 
the  operation  of  Kalman  filtering  Criteria  are  established  for 
detecting  each  category  fault  These  are  discussed  with 
reference  to  a Doppler  martial  navigation  system  The  rnethods 
prooosed  for  the  detection  of  faults  are  shown  to  be  relevant  to 
the  problem  or  diveigerice  encountered  m some  Kalman  filter 
implementations  it  is  concluded  that  it  should  be  posaibia  to 
delect  faults  Location  however  may  not  be  possible  Author 

N73  20713  Singer  Co  Litila  Falls.  NJ  Aerospaca  and  Marine 
Systema  Group 

FAULT  ISOLATION  AND  MAINTENANCE  CONCEPTS  OF 
AN  ADVANCED  INERTIAL  NAVIGATION  SYSTEM 
Francit  H Mutphy  M AGARO  Ineriial  Navigation  Components 
and  Systams  Fab  1973  9 p (For  availability  sen  N7c'2O604 

1121) 

The  design  concepts,  hardware  characteristics,  and  system 
tradeoffs  are  described  which  have  been  considered  for  a 
seif-contamed  advanced  martial  navigation  system  included  m 
ih«  system  is  an  automatic  self-annunc>atmg  fault  isolation 
capability  The  sysiam  is  packaged  m a tmgia  LRU  and  hat 
been  organized  to  be  modular  m conairuction  wuh  fault 
annunciation  to  both  the  mi.dule  level  for  Might  ima  level 
maintenance  and  to  the  functional  circuit  hybrid  chip  at  the 
intermediate  laval  Details  are  presanied  on  the  venous  buiH  in 
test  functions,  as  wail  as  vaiidat  jo  of  the  built-in  test  hardware 
by  utMuation  of  the  BlTE-on-BlTE  concept  Software  mcnrtonr>g 
rS  difcusaed  including  built-m  flight  line  self  iesi.  calibration  and 
m- flight  performance  monitoring  utilizinp  esisting  redundancy 
withm  the  platform  tubsysiern  The  uulizaiion  of  a calibration 
computer  cerd  >s  tlso  discussed  This  ci<d.  an  interchangeable 
replacement  for  the  opereoonai  computer  card.  i<  uiHqed  to 
perform  periodic  ctl'breton  of  the  platform  subsystam  without 
the  need  for  arw  additional  estamal  support  calibration  equipmani 
The  revon  corKtudes  with  a summary  of  the  methods  used  to 
feult  isolete  and  tha  maintenance  action  required  at  the  varKMi 
operetior>al  levois  Author 

N73-20714  Laboraioire  de  Recherchys  Balisiiquet  et  Aerody- 
namiques  Vernon  (Fiance) 

ACTIVITIES  OF  LRBA  IN  THE  INERTIAL  DOMAINE 
IACTIVITE5  DU  LRBA  OAN5  LE  DOMAINE  OE  LTNERTIE) 

Jean  Moret  and  Guy  CeMy  in  AGARD  Inemal  Navigation 
Components  and  Systems  Feb  1973  12  p In  FRENCH 

(For  avaiisbilily  see  N73  20684  1 1 21) 

The  role  of  LRBA  m martial  affairs  lelaiive  to  Fret  <h 
military  programs  si'-1  the  methods  used  by  the  IscMiry  to  study 
these  systems  ire  briefly  outlined  QuslifmaiKxi  tests  of  ac 
ceferomeier  systems  for  ballistic  engine  guidance,  in  snvironments 
simulated  on  a centrifuge,  are  discussed  m detail 

Trans)  by  E H W 

N73-20716  Laboraioire  de  Recherches  Oalistiques  et  Aerody 
namiQues  Vernon  (France) 

DETERMINATION  OF  NONLINEAR  ACCELEROMETERS  BY 
A METHOD  OF  DIFFERENTIAL  TESTS  IDETERMINATION 
DCS  NON  tINEAHITLS  D AcCELEROMETRES  PAR  UNE 
METHODC  D ESSAIS  DIFFERENTIELS| 

Jeen  Mprei  and  Guy  Cady  In  AGARO  Inert'a*  Navigatiori 

Comporwnts  and  Systems  Feb  1973  8 p In  FRENCH  (For 
avaiiabilfty  see  N73  20664  1121) 
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A ditlerentiat  test  method  used  to  eveiuate  the  quality  and 
performance  ol  nonlinear  acceleromatert  is  described  Advantages 
of  the  m««thod  ove  classical  methods,  measurement  errors.  ar>d 
the  results  obtained  are  given  TransI  by  E H W 

N73-20716  Royal  Aircrati  Establishment.  Farnborough  (Englar^d) 
Avionics  Dept 

DATUM  POSITIONS  AND  VELOCITIES  FOR  THE  EVALUA 
TION  OF  INERTIAL  NAVIGATION  SYSTEMS 
R f Stokes  arid  S C Smith  Jn  AGAHO  Inemal  Navigation 
Components  and  Systems  Feb  1973  21  p (For  avaiiabitrty 

see  N73  20664  1 l 2ll 

The  methods  are  described  which  were  employed  ic  obtain 
datum  position  and  velocity  information  for  u«e  m evaluat:no 
inertial  navigatiori  systemi  with  a perlon.iance  ot  around  1 
n mile/ h The  me'i.w*ds  wire  designed  to  permit  evaluations  on 
a world  wide  bas<s  usmy  W'taiever  sources  ot  position  information 
are  Ov-ilable  These  are  usually  two  meriiai  navigation  systems, 
a Doppler  dead  reckoning  position,  range-range  Tacan  or  DME 
Oeccs.  and  loran  C The  datum  produced  has  to  be  accurate 
anough.  and  in  a suitable  form,  tor  usn  m trying  to  identity  the 
major  sources  of  system  error  m the  inertial  navigation  system 
under  test  A tower  accuracy  datum  only  su  table  for  use  in 
statistical  iinalyses.  is  also  described  Various  examples  are  given 
of  the  accuracies  of  the  methods,  uf  the  quality  of  inertial 
'‘avigat-on  system  error  information  obtained  and  of  the  errors 
i'bs^r'.ed  in  Tacan.  Dacca  and  loran  C fixes  The  methods  for 
ickn*.;vmg  error  sources  are  related  to  the  type  of  da*.um  obtained 
The  virtues  of  range  range  Tacan  Dacca  and  loran  C for 
providing  fises  for  these  types  of  evaluation  are  also  discussed 

Author 

N73  20717  Aerospace  Guidance  and  Metrology  Center  Newark 
Air  Force  Station  Ohio  Plans  and  Management  Staff  OHice 
L.fE  CYCLE  COST  ANALYSIS  OF  INERTIAL  SYSTEMS  FOR 

aircraft  and  a;r  to  surface  missiles 

Donald  L Hardy  Jr  and  Russell  M Genet  /n  aGaRD  inediai 
Navigation  Components  ar>d  Systems  Feb  1973  5 p refs 

(For  avalabiMY  see  N 73  20664  1121) 

Life  cycle  cost  analysis  of  lnert<al  Navigation  Systems  (INS) 
IS  becoming  more  significant  to  all  users  today  as  performance 
goals  more  closely  achieve  their  obiectrves  Cost  of  ownership 
models  and  analyses  were  developed  that  contribute  to  current 
and  future  assessments  of  triis  imponant  area  These  analyses 
are  based  on  an  extensive  accumulation  ol  met  lai  systems 
data  The  current  analyses  include  a critical  assessment  of  the 
current  model  and  HS  data  a taxonomic  analysis  of  INS 
app 'Caiions.  and  a sensitivity  analysis  of  all  input  model 
parameters  These  analyses  have  'ed  to  development  of  new 
models  whicfi  will  more  accurately  predict  the  cost  of  ownership 
of  a given  inertial  system  The  pnmarv  usefulness  of  the  models 
Will  b*  iqr  tn  rjMneraii/ed  analysis  of  and  (2i  discrimination 
between,  tha  cost  of  ownership  of  aircraft  and  air  to  surface 
missile  medial  sysienis  Spccif:c  references  arc  made  to  the 
most  sensitive  parameters  of  any  cost  of  ownership  analysis 
concerning  medial  navigation  systems  These  parameters  are  of 
great  use  m knowing  how  little  data  ij  actually  needed  to  make 
management  arvd  !ethn;cel  discussions  The  types  of  decisoos 
and  appfications  managers  and  design  personnel  need  to  make 
concerning  medial  systems  are  also  outlined  Author 

N 73  236694  Advisory  Group  (or  Aerospace  Research  and 
Oevelopment  Pans  Ifrance) 

AIR  TRAFFIC  CONTROL  SYSTEMS 

Apr  1973  371  p refs  In  ENGLISH  and  FRENCH  Presented 

at  the  I4th  Meetmg  of  the  Guidance  and  Control  Panel  of  AGARO 
Edinburgh  26  29  Jun  1972 
lAGARO  CP  106)  Avail  NTlS  HC  $20  76 

Tha  proceedings  of  a conference  on  air  traffic  control 
developments  and  procedures  $r»  presented  The  tubiec'.s 
drecossed  involve  the  following  il|  control  concepts  l2) 
automation  i3r  area  ei»d  e"'uule  r.a.iga!:0r.  I4!  terminal 
navigation  and  control  |6)  landing  guidance  (61  surveillance 
(7)comniunica*rons  l8)  collision  avoidance  and  rJr  integrated 
connmuncalion  navigation  and  identification  system  For 
individual  Idles,  see  N73  23690  through  N73  2372  1 


N73-23690  Electronic  Syetems  Oiv  . 6edford  Mass 
STATUS  AND  TRENDS  IN  MILITARY  AIR  TRAFFIC 
CONTROL  SYSTEMS 

Alban  R Shiefy.  Jr  M AGARO  Air  TraHic  Control  Systems 
Apr  1973  3 p (For  availability  see  N73  23689  14-21) 

Ttse  status  and  trends  m military  air  traffic  control  systems 
are  discussed  The  air  navigation  facilities  operated  by  U $ Military 
Forces  are  described  The  mission  of  the  Air  Defense  Control 
Syatem  it  explained  The  development  of  automated  air  control 
sytiams.  airborne  search  radar,  and  integrated  communication, 
navigation.  »nd  identification  systems  is  reported  Author 

N73-23691  Eurocontrol  Agency  Brussels  I6elgium) 

AIR  TRAFFIC  CONTROL  IN  THE  EUROCONTROL  AREA 

G H Trow  /n  AGARD  Air  Traffic  Control  Systems  Apr 
1973  18  p (For  availability  ree  N73-23689  14-21) 

Tha  organization  and  operation  of  the  Eurocontrol  a'ea  air 
!*affic  control  system  are  discussed  The  m /mber  nations 
corng  -^ing  the  organization  are  identified  The  accomplishments 
ol  vhe  Ol  »nijxiion  are  presented  The  problenris  peculiar  to 
fcuiopean  flichts  because  of  national  sovereignty  aie  anjlyzed 
The  develoomeni  ot  an  improved  system  of  a>r  traffic  control  'S 
reported  Maps  of  the  Eurocontrol  area  of  operaiior.  are 


N73-23692  Wilcox  Eiectnc  Co,  Inc  Kansas  City  Mo 
DECISIONS  FOR  THE  70  S 

Robert  J Shank  /n  AGARO  Air  Traffic  Control  Systems  Apr 
1973  15  p (Fof  availability  see  N73  23689  14  2D 

The  nature  of  the  air  traffic  con.roi  system  and  procedures 
during  the  I970  s are  almost  complotely  determined  by  decisions 
made  during  the  past  twenty  years  A bnef  review  of  this 
alieady-delefrtiinad  baseline  system  and  its  operation  is  included, 
and  a set  of  obiectives  for  the  future  and  ggidmg  principles  wii! 
provide  a background  for  the  major  decisions  now  confronting 
the  world  a»r  iraHic  control  community  The  important  proposed 
Changes  or  impiuvBmv.ils  the  arcai  o*  cj''.'eiM2''ce.  r>av,gnnon 
communications,  collision  avoidance  and  inMfun.eoi  lending  are 
examined,  and  the  rna;^r  issues  for  decision  are  proposed 

Author 

N73-23693  National  Aerospace  Lab  Amsterdam  (Netherlands) 
ATC  AUTOMATION.  PRESENT  AND  FUTURE 
C G H Schoflen  /n  AGARD  Air  TraMic  Conirol  Systems 
Apr  1973  5 p refs  (For  availability  s«e  N73  23689  14  ?l) 

A number  Of  design  principles  m which  future  air  traffic 
control  systems  should  differ  from  present  systems  m order  to 
cope  with  increased  air  iratlic  demands  ere  discussed  The 
principles  ere  that  available  an  space  and  airports  should  be 
used  in  as  flexible  a manner  as  possible  by  using  computeis 
and  that  improved  data  links  betweer>  ground  and  air  will  be 
required  for  pilot  computer  communication  The  need  to»  a back 
up  system  m the  event  of  complete  computer  failure  to  allow 
coniroilers  to  de.i  •..ilir.g  t.aHic  safely  proposed  AutFwi 

N73-23694  IBM  liaha.  Rome 

automation  of  air  TRAFFIC  CONTROL  IN  ITALY.  ROME 
CONTROL  AREA 

Camillo  Maaucci  ar>d  Bruno  Tincani  M AGARD  Air  Traffic 
Control  Systems  Apr  1973  10  p (For  availability  see 

N73  23609  14  211 

The  physical  structure  and  operative  unit  organization  of  the 
Rome.  Italy  air  traffic  control  system  are  discussed  The 
automation  of  tha  system  is  described  to  includn  the  functions 
and  ca^  sbiiities  Tha  phases  m which  the  automated  system  is 
being  implemented  are  repoitcd  Diagrams  of  the  system 
components  and  network  to  show  the  operation  of  the  system 
are  provided  Author 

N73-238B8  Centre  d Experimentation  de  la  Navi(iation  Aertenne 
Orly  (France) 

THE  8AWAN  MEANS  FOR  INSPECTION  BY  VOR  AND 
DME  ILE  8AWAN.  MOYEN  D'lNSPECTlOH  OES  VOR  ET 
DES  DMEl 

Gitben  Montel  /n  AGARO  Air  Traffic  Control  Systems  Apr 
1973  lip  In  FRENCH  (For  availabi'iti  see  N73  23669 
14  21) 
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An  evalustton  is  presented  ot  the  eHeciiver.ess  of  the  1 -■  WAN 
(eutometK  system  for  venificatioo  of  naviQtstion  aids  m flight)  m 
kfcaimg  and  controlling  high  attitude  aircraft  The  system  responds 
to  signals  from  VCR  and  OME  onboard  the  aircraft  Signals  are 
registered  on  a magnetic  band  where  they  are  processed 
according  to  a pre-establisbed  computer  program  Along  with 
the  magnetic  tend,  the  system  has  logic  elements  and  12 
receivers  Transi  by  6 H W 

N73-2369C  '*edarai  Aviation  Administration.  Washington.  0 C 

STATUS  AND  TRENDS  IN  CIVIL  AIR  TRAFFIC  CONTROL 
SY8TFMS 

Gustav  E Lundquist  In  AGATO  Air  Traffic  Control  Systems 
Apr  1973  5 p (For  availability  see  N73  23689  14-21) 

The  status  end  trends  on  civil  air  traffic  control  systems  are 
discussed  The  use  of  automation  programs  to  increase  air  traffic 
control  safety  by  providing  the  air  traffic  controller  with  better 
information  on  which  to  base  decisions  is  examined  The 
development  of  a network  of  computers,  displays,  and  communica- 
tions which  will  process,  store,  arid  d'stribuie  instrument  flight 
rules  IS  raported  The  operation  of  the  system  is  described  by 
illustrations  and  block  diagrams  Author 

N73-23697  Singer-Kearfon.  Fairfield.  N J 

AREA  NAVIGATION:  COST  VERSUS  OPERATIONAL 

BENEFITS 

JaHersor  2 Amacker  In  AGARD  Air  T.affic  Control  Systems 
Apr  1973  9 p refs  (For  availability  see  N73-236B9  14-21) 

Cost,  comp'exity.  end  cockpit  workload  were  compared  for 
seven  potential  area  navigation  system  configurations  Cockpit 
workload  was  found  to  be  minimum  for  the  very  simple  and 
most  sophisticated  systems  However,  the  sensitivity  of  the  cost 
parametei  is  such  that  «t  increases  dramaticelly  with  system 
complexity  with  relatively  little  gem  m operational  benefit  A 
detailed  study  of  the  Mark  1 Mark  13.  and  ATA  Operations 
Committee  requirements  document  discerned  that  almost  all 
required  operational  functions  could  be  accomplished  with 
minimum  systems  Author 

IH73  23698  Litton  Systems.  Inc  , Woodland  Hills.  Calif  A«' ■ 
Prodccls  Div 

AIRBORNE  AREA  NAVIGATION  EQUIPMENT 
C S Bodge  and  R J Holm  In  AGARO  Air  Traffic  Control 
Systems  Apr  1973  13  p (For  avaiiabiiiiy  see  N73-23689 

14-21) 

A broad  base  of  area  navigation  equ>pmen(.  manufacturers 
aryj  users  exists  Types  of  equipment  extend  from  simple 
adaptation  of  VOR  to  triple  martial  systems  with  muluple  radio 
position  inputs  end  digital  computer  processing  Air  transport 
equipmant  is  g'Ouped  into  Mark  I Mark  II  and  Mark  13  systems 
which  are  described  Area  navigation  systems  are  based  upon, 
of  augiiieotad  by.  an  data.  VCR.  Doppler,  mania!.  Loran  A/C. 
Omega,  end  satellite  Oamonstrauons  end  performance  m recent 
flight  tests  show  steie-of-the-art  for  area  navigation  systems  with 
consideration  of  projected  requirements  Examples  of  enroute 
navigation,  vertical  navigation,  terminal  area  and  landing  are 
shown  Controls,  pictorial  displays,  automatic  data  entry  end  data 
link  are  discussed  Author 

N73-23699  Systems  Control.  Inc  . Palo  Alto.  Calif 
AN  ATC/6URVEILLANCE  MODELING  APPROACH  FOR 
SPECIFYING  LANE  SEPARATION  STANDARDS 
J S Tyler.  0 E Stepngr.  and  J A Sorensen  In  AGARD  Air 
Traffic  Control  Sysiems  Apr  1973  12  p refs  (For  evailability 

see  N73  23689  14  21) 

(Co.-'irac  DOT  TSC  260) 

The  reduction  m separation  standards  (or  both  domestic  and 
oceanic  air  routes  because  of  increased  travel  demand  is  discussed 
The  overall  problem  of  relating  lane  separations  to  safely  for 
different  navigation  systems,  surveillance  systems,  and  air  traffic 
control  procedurtt  are  considered  A model  is  described  which 
has  tho  samo  general  ir.put/Owtput  foirr.at  as  ti>a  neicl>  a.uu«! 
thet  has  been  used  for  specifying  Norlh  Atlantic  route  separations 
Numerical  results  are  presented  to  show  the  impact  of  mortial 
navigation  syitemi  and  saieliita  surveillance  on  the  separation 
stenderd)  and  safety  for  the  North  Atlantic  route  structure 

Author 


N73-23700  Aerospace  Sysiems,  Inc  . Burlington.  Mass 
ANALYSIS  OF  TERMINAL  ATC  SYSTEM  OPERATIONS 
Richard  6 Noll.  John  Zvere.  er  d Robert  W Simpson  (MIT)  fn 
AGARO  Air  Traffic  Control  Systems  Apr  1973  15  p refs 

(For  availability  sec  N73  23689  14-21) 

(Contract  DOT-TSC  103) 

The  effects  of  automation  m terminal  air  traffic  control  are 
analyaed  with  respect  to  the  impact  of  the  automation  on  the 
controller  The  present  air  traffic  control  sys:em  based  on  radar 
information  and  manual  techniques  is  discussed  and  compared 
with  an  advanced  system  which  uses  a computer  to  generate 
alphanumeric  radar  displays  and  automated  features  A typical 
conrro!  operation  is  presented  to  demonstrate  controller  activity 
in  both  the  present  and  an  advanced  system  ARTS  I is  used  to 
represent  the  advanced  air  traffic  control  system  The  principal 
features  of  ARTS  I are  described  and  the  interface  of  the  controller 
with  the  computer  and  the  display  equipment  is  discussed 

Author 


N73-23701*  National  Aeronautics  and  Space  Adn'nnistraiion 
Langley  Research  Center.  Langley  Station.  Va 

AN  ANALYTIC  STUDY  OF  NEAR  TERMINAL  AREA 
OPTIMAL  SEQUENCING  AND  FLOW  CONTROL  TECH 
NIQUES 

Stephen  K Park.  Terry  A Siraeter.  and  John  E Hogge  in 
AGARO  Air  Traffic  Control  Systems  Apr  1973  18  p refs 

(For  availability  see  N73-23689  14-21) 

Optimal  flow  control  and  sequencing  of  air  traffic  operations 
in  the  near  terminal  area  are  discussed  Toe  nea.*  terminal 
model  IS  based  on  the  assumptions  that  *ho  dircraft  enter  the 
terminal  area  along  precisely  coniroiled  approach  paths  and  that 
the  aircraft  are  segregated  according  to  iheir  near  terminal  area 
performance  Mathematical  models  are  developed  to  support  (he 
optimal  path  generation.  >eguencing,  and  conflict  resolution 
prob'ems  Author 


N73-23702  Air  Line  Pilots  Association,  international  Washing- 
ton 0 C 

A REAL  WORLD  SITUATION  DISPLAY  FOR  ALL  WEATHER 
LANDING 

J L DaCalles.  E J Burke,  and  Ken  Burroughs  In  AGARD  Air 
Traffic  Control  Systems  Apr  1973  9 p (Foi  availability  see 

N73  23889  14  21) 

A flight  data  display  for  use  in  aircraft  approach  and  landing 
under  all  conditions  of  visibility  1$  described  The  device  provides 
airborne  self-contained  glide  path  guidance  for  use  m vis  ^al  flight 
conditions  In  its  most  sophisticated  form  it  provides  tota: 
information  for  manual  larding  or  monitoring  automatic  landing 
and  foll-out  diinng  visihili*/  It  stafr*r1  th^l  lh«  hnxrts  iip 

display  symbology  similar  to  that  -Jes-'.ribed  is  urgently  required 
for  see-to-land  approaches  and  will  be  essential  for  pilot 
acceptance  of  automatic  landings  m actual  nonvisual  condit»ons 

Author 

N73-23703  Royal  Aircraft  Establishment.  Bedford  lEngiandl 
Blind  Landing  Experimental  Unit 

THE  INFLUENCE  OF  THE  FUTURE  LANDING  GUIDANCE 
SYSTEM  ON  INTEGRATION  OF  SHORT  TAKE  OFF  AND 
LANDING  AND  CONVENTIONAL  AIR  TRAFFIC  AT  A 

MAJOR  AIRPORT 

Nigel  H Hughes  In  AGARO  An  Traffic  Control  Systems  Apr 
1973  17  p refs  (For  availability  see  N73  23689  14  21) 

Some  of  the  benefits  to  an  traffic  contro)  which  may  result 
from  deploying  landing  guidance  systerns  a'e  idc-t:hed  The 
charecterist-cs  of  short  takeoff  and  landmg  anc»aft  mte'cept  of 
the  mtlrumeo!  landing  system  locaiiter  and  final  approach  path 
are  studied  and  the  fmai  approach  geometry  »s  established  STOL 
approach  soquenemg  re-  .:.'ement5  a'e  and  s«d.if»ormQ 

geometry  suggested  Tin  jihty  of  nonvisual  approach  and  lar%dmg 
guidance  syster's  to  eas-.  air  traffic  control  problems  is  discussed 
Avionics  developments  which  are  required  to  allow  aircraft  to 
lake  advantage  of  future  landing  guidance  systems  are  de- 
scribed Author 


23< 
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N73-23704  Army  (l«ctronic»  Command.  Fort  Monmouth.  NJ 

U6  AMMY  AIR  TRAFFIC  MANAQEMiNT  NOW  THROUGH 
1M0 

ChaHoc  Gro««m«n  «rvd  Thomt»  E O^niolt  In  AGARD  Air  Traffic 
Control  Syttamt  Apr  1973  11  p iFor  availabHity  ta« 

N73  23699  U-211 

I Tba  roquiramantt  of  an  air  traffic  manao«<Tiant  ayatam  which 

I wiN  ba  capabia  of  providing  for  tha  aafa  opa^ation  of  'arga  numbara 

I of  aircraft  undar  matrumant  mataoroiogicat  conriiiiona  OMC)  ar>d 

thua  afford  tba  commar>daf  maximum  utilitanon  of  hia  combat 
capabdity  withm  raaaonabfa  conahamis  of  rnonay  and  aquip- 
mant.  a totally  intagratad  grournj  ar>d  airhoma  ayatam.  a. a 
dracuaaad.  Tha  raquirarnanta  ara  baaad  upon  thf  aaaumption  that 
tha  Army  will  continue  to  exploit  and  expand  the  air  mobtlity 
concept  m tha  future  In  order  to  accrue  the  maximum  ber>efi*) 
from  tuch  a concept  the  field  commander  muat  be  afforded  tha 
maana  to  affectively  uaa  hia  aircraft  with  minimum  conatrainte 
Tha  abaanca  of  such  a system  currently  precludes  effective  field 
ujtpkHtetion  of  Army  aircraft  under  adverse  weather  and  visibility 
conditiooa.  and  furthermore  precludes  the  onset  of  operation* 
until  weather  predictions  give  reasonable  assurance  of  retuppty/ 
evacuation  Author 

N73-23706  Honeywell  me  . Minneapolis.  Mir.i  Government 
arid  Aeronautical  Products  Oiv 

FUNCTIONAL  DESIGN  OF  MICROWAVF  LANDING  SYSTEM 
(Ml^)  AIRBORNE  EQUIPMENT  AS  INFLUENCCO  BY 
GROUND  EQUIPMENT  CONFIGURATION  ANO  AIRCRAFT 
TYRE 

Donald  N Cartson  ar\d  Charles  L Seacord  In  AGARO  Atr 
Traffic  Control  Systoms  Apr  1973  10  p refs  (For  ava-iaNtitv 

aaa  N73-23689  14  2l) 

A description  of  a proposed  rr.icrowave  landing  system  (MLS) 
■a  presented,  witfi  parrcular  emphasis  on  the  functional  design 
raquiremania  of  the  airborne  equipment  This  system  has  the 
poteniiii  gr  meeting  the  expanded.  mu<e  precise,  end  nivre 
complex  needs  generated  by  a growing  aircraft  population 
consisting  of  both  conventional  and  unconventional  tV'STOU 
types  A modulsr  approach  to  both  ground  and  cirbome  jquipment 
IS  rdantifiad  as  a means  of  achieving  desired  flexibility  end  tow 
coat  requirad  for  a truly  universal  system  servmg  the  lull  spectrum 
of  user  aircrew  and  aircraft  types  Elements  of  the  ground  system 
are  identified  end  their  influence  on  the  nature  of  the  transmitted 
signal  la  described  Authc' 


N73-2370B  ITT  Gilfillan.  Inc  . Van  Nuys.  Calif 

THE  performance  OF  THE  DOPPLER  MICROWAVE 
LANDING  SYSTEM  IN  A MULTIPATH  ENVIRONMENT 

R.  A.  Rotten  and  L L Sanders  in  AGARO  Air  Traffic  Control 
Systems  Apr  1973  0 p (For  availability  see  N73  23689 

14-21) 

The  success  of  the  Ooppler  microwave  landing  system  in 
maatir>g  the  multipath  challenge  .s  described  Techniques  which 
cen  be  used  to  eliminate  (he  effects  of  multipath  are  described 
Tfie  vartoua  multipath  sources  are  listed  locether  with  the  specific 
requirerrienta  for  each  Performance  data  is  given  which  has 
been  gathered  from  three  sources  (1)  computer  simulation.  (2) 
Isboreiofy  testa  of  an  equipment  model,  and  (3)  field  tests  on 
two  experimental  Ooppler  systems  The  data  indicates  that  the 
Ooppler  MLS.  utilising  the  Simplest  form  of  signal  processing, 
rtemefy.  a filter  and  zero  crossing  counter,  may  be  adequete 
under  limited  accuracy  and  sitmg  conditions  For  performance  m 
heavy  multipath,  some  form  of  narrowband  device  w>ll  probably 
have  to  be  employed  m order  to  satisfy  ihe  accuracy  and  minimum 
coverage  angle  requirements  Author 


N73  23707  lnformas)onsKontroll  A/S.  Asker  (Norway) 
LANDING  GUIDANCE  SYSTEM  HERMES 
Nila  Holme  in  AGARO  Air  Traffic  Control  Sy3ten>c  Apr 
1973  8 p iFuf  MvtfildbiMtv  jpf  N?3  2..cU3  14  21) 

The  basic  principles  of  the  landing  guidance  sysiem  Hermea 
are  described  The  system  is  based  on  the  establishment  and 
detectioo  of  a coded  pattern  of  gamma  radianon  from  radioactive 
sources  This  onnciple  offers  a remarkable  combination  of  high 


accurpc',.  extreme  reliability  and  tow  cost  especiatiy  when  eppiieo 
to  the  final  approach  and  runway  for  conventionol/short  takeoff 
and  landing  operations  The  ground  mstallaticn  is  purely  mechani- 
cal. with  no  rv>ovtng  parts  All  informatior>  is  Sir-denved  Author 

N73-2370B  Royal  Aircraft  Esiabliahment.  Farnborough  (England) 
Radio  Dept 

A FORWARD  AREA  HOMING  ANO  LANDING  GUIDANCE 
CONCEPT  FOR  MIUTARY  AIRCRAFT 

fan  M Hunter  In  AGARD  Air  Traffic  Control  Systems  Apr 
1973  8 p (For  availability  see  N73  23689  14  21) 

The  characteristics  of  a forward  area  homing  end  landing 
guidance  concept  for  military  aircraft  are  discussad  The  relative 
advantages  of  air-derived  and  ground-derivod  concepta  are 
compared  It  is  concluded  ihot  a pure  air-derived  sysiem  cennot 
meat  the  military  requirements  The  development  of  a hybrid 
solution  IS  proposed  Ai.thor 

N73-23709  Aerospace  Corp  Los  Angeles.  Cahf  Development 
Pianmr^g  Div 

THE  POTENTIAL  OF  A SYSTEM  OF  SATELLITES  AS  A PAOT 
OF  AN  AIR  TRAFFIC  CONTROL  SYSTEM 

P M Diamond  In  AGARD  Air  Traffic  Control  Systems  Apr 
1973  17  p (For  availability  see  N73-23689  14-21) 

The  air  traffic  control  (ATC)  performance  potential  of  satellite 
systems  utilized  in  a data  acquisition  and  communications  role 
wiihm  a continental  United  States  ICONUS)  ATC  system  is 
discussed  The  unique  propernss  of  ^atellite-baved  relays  provide 
the  only  Viable  mean*  of  achieving  complete  coverage  to  ground 
level  of  the  en»ire  airspace  coupled  with  unil^rm  and  highly 
accurate  surveillance  position  fmir^g  Position  determination 
identification,  now  control  and  collision  avoidance  'unctions  can 
be  implemented  through  the  use  of  regional  centralization  of 
ground  computation  resulting  m imporian*  benrfits  to  the 
utilization  of  »)ie  airspace  ^r^d  adaptability  of  the  ATC  system  It 
IS  shown  »:»at  the  concept  of  intermittent  positive  control  (IPCi 

requires  anciaii  >petrd/ dcuele'ehun  ie>liictiwn>  and  iecds  lu  the 
requ'  emeni  for  surveillance  accuracies  of  100  to  200  *t  within 
thj  densely  populated  regions  of  airspace  expecteo  in  the 
I990s  A class  o'  saielhie  systems  is  described  which  offers 
the  requisite  performance  for  both  commerci?'  earners  and  general 
awation  with  low  anircipaied  costs  of  aircraft  equ.pment 

Author 

N73-23710  Service  Technique  de  la  Navigation  Aenenne.  Pans 
(France) 

TAM  TAM  SYSTEM  jSYSTE^E  TAM  TAM) 

Jacques  Louet  in  AGARD  Air  Traffic  Control  Systems  Apr 
1973  lip  In  FRENCH  (F.;r  availability  see  N73-23689 
14-21) 

The  TAM  TAM  (automatic  transmission  of  messages  of  air 
traffic  by  muhipiex)  system  as  a possible  data  i>''k  m air  ground-ai' 
ifammiss.oo  during  oceanic,  contmeniai.  a"j  terminal  con.iOl 
area  'iight  is  discussed  Problems  encounte  ed  and  solutions  to 
(hoae  problems  are  included  Transi  h,  E H W 


N73-23711  Mitre  Corp,  Bedford  Mass 
DERIVATION  OF  A WlOE  AREA  PO'.iTION  lOCAflON 
CAPABILITY  USING  A SVNCHRON'.ED  TIME  DIVISION 
MULTIPLE  ACCESS  COMMUNICA’,  lON  SYSTEM 

Viclot  A OeMaiiros  ana  F,  L Thompson  (ESDI  In  AGARO 
Air  Traffic  Coniiol  Gviiems  Apr  1973  10  p ral  (For 

availabiliry  sea  N73  23689  M 2l| 

A concept  for  the  use  of  a high  bandwidth  time  division 
communications  system  to  provide  e ground  based,  wide  area 
position  location  system  is  presen. ed  General  principles  upon 
which  the  system  is  based  and  a discussion  of  computahona’ 
lachmguaa  ampioved  are  covered  A discussion  of  s stem  behavior 

* '“■■'■'■un  01  syS'.  m random  errors  caused  by  individual 

ela.iiaiii  puamon  uncedainty  and  geometric  ettects  is  included 
Con-roi  mech.nisms  rcguucd  to  pror-cco  stable  and  , .liable 
parfoimance  a-e  also  described  Results  of  a computer  simulation 
are  presanted  to  provide  estimate.  nl  capability  under  venous 
conditions  and  to  establish  the  sysiem  performance  envelope 

Author 


21  NAVIGATION 


2T6 


I 

I 


{ 


N73>2S712  R«d*o  Corp  of  Amonc*.  Van  Nuya.  C^lif  (loctro'nag- 
n«tic  aod  Avi«t(On  Div 

•CCANT:  A SOLUTION  TQ  THE  PRORLCM  OF  MID  AIR 
COLUSIONS 

J L Partona  fn  AGARO  Air  Traffic  Control  Systems  Apr 
1973  lip  raf  IFor  availability  see  N73-23689  14-21) 

Tbe  prirK:ipal  charectenatica  of  SECANT,  a ays, am  for  tha 
aiparation  and  control  of  aircraft  using  non  synchroooua 
Tachntquaa.  ara  described.  This  cooperative,  tranaponding 
colliaion-avoMlance  ayaiem.  designed  to  be  compatible  within  the 
entire  aviation  community,  la  capable  of  accommodating  the  dense 
air  traffic  anticipated  for  the  1980a  and  beyond  it  makoa  availabla 
to  the  pilot  evasion  or  escape  maneuvers  in  any  direction  • 
vertical,  horiiontal.  or  a combination  SECANT  helps  the  pilot  to 
evoid  mid-air  colliaions  by  transmitting  probe,  and  receiving  replies 
with  a 1 m»croaecond  pulse  at  1000  pulses  per  second  on  24 
different  frequencies  Various  discriminants  are  used  to  eliminate 
undesired  signals,  and  the  false  alarm  rata  is  near  zero  Author 

N73*23713  Office  National  d Etudes  at  de  Racharchas 
Aarospatialas.  Pans  (Franca) 

A FRENCH  COLLISION;  AVOIDANCE  SYSTEMS  OF 
TIME  FREOUENCY  type  critical  ANALYSIS  OF  TEST 
RESULTS 

Rolarrd  Moreau  M AGARO  Air  Traffic  Control  Systems  Apr 
1973  9 p rsfs  in  FRENCH.  ENGLISH  summary  (For  availability 

see  N73  23689  14  21) 

Performance  tests  of  a system  for  air  traffic  control  and 
collision  avoidance  are  discussed  The  system  is  described  and 
the  method  of  operation  is  outlined  The  preoS'On  obtained  is 
anaiyiad  and  compared  with  established  standards  Modifications 
of  (he  signal  format  are  e:  amtned  Problems  raised  by  tha 
introduction  of  the  new  air  traffic  control  system  are  reported 

Author 

N73-23714  Royal  Air  Force  ln:t  of  Aviation  Medicine, 
Farnborough  (England) 

HUMAN  FACTORS  PROBUMS  IN  CONFLICT  DETECTION 
AND  RESOLUTION 

V O Hopkin  IN  AGARO  Air  Traffic  Control  Systems  Apr 
1973  8 p raf  (For  availability  see  N73-23689  14-21) 

Conflict  detection  and  rasolution  as  human  factors  problems 
in  air  traffic  control  are  discussed  It  >s  contended  that  this 
auumpdon  is  probably  incorrect,  primarily  because  of  the  large 
diffe*encet  m urgency,  information,  procedures  and  facilities  * 
venous  phases  of  flight  The  controller's  responses  depend  on 
the  confidence  ha  has  m tha  dsta  aveileble  to  him.  and  on  his 
Lrxjwledge  of  how  accurate  ■!  <s  likely  to  be  Automated  aids 
may  riot  be  properly  used  if  they  include  no  indication  of  the 
accuracy,  quality  and  comprehensiveness  of  the  data  on  which 
automatad  corv-iputations  are  being  made  Relevant  esearch 
mathods  for  human  factors  studies  on  conflict  detection  and 
lasoiution  are  indicated  Author 


N73-23716  Ferranti.  Ltd  . Bracknell  (England)  Digital  Systems 
Oiv 

PROBLEMS  iNVOtVED  IN  ATC  AUTOMATION 

David  L Sioddart  in  AGARO  Air  Traffic  Control  Systems  Apf 

1973  II  p (For  availability  see  N73  23689  14-21) 

The  two  major  problems  involved  m ATC  aufomaiKjn. 
Suitable  men-machme  interfaces  arid  system  reliability,  are 
considered  These  problems  are  placed  i » perspective  by  eiaminmg 
the  need  for  automation  and  by  considering  the  information 
required  by  the  controller  and  how  this  should  be  displayed 
Suggaaied  men  machine  mtjrfeces  are  examined,  including 
synthetK:  plan  displays,  tabu'ar  displayr  touchwues  keyboards 
rpMing  bells  and  light  pens  The  operational  and  technical 
advantages  and  disadvantages  of  these  devices  are  discussed 
The  problem  of  reliability  is  introduced  and  the  need  for  fail 
sale  systems  explained  Various  rnethods  of  achieving  reliability 
are  considered,  including  triplicated  hardware  and  sy-tern^  l.avmg 
preferred  and  reconfigured  functional  organisation  The  mplica 
tions  of  these  systems  are  discussed  and  a system  design 
suggested  Author 


N73  23710  Defence  and  Civil  Inst  of  Envirr.imental  M*'J«cine. 
OownsvMw  (Ontario) 

THE  MAN-COMPUTER  INTERFACE  7>RObUM  IN  TERMI- 
NAL AUTOMATION 

Lettie  Innet  /o  AGARO  Air  Traffic  Control  Systems  Apr 
1973  6 p refs  (For  availabiKy  see  N73  23689  14  21) 

The  mam  concern  m the  several  large  air  traffic  control 
automation  programs  which  have  been  implemented  has  been 
the  provision  of  mfcimation  to  the  controller  m a more  accurate 
and  more  dasiiy  assimilable  form  The  aim  was.  if  not  to  reduce 
the  controller's  workload,  to  at  leasi  keep  ti  withm  acceptable 
limits  Enperience  with  these  systems  to  date  is  reviewed  and 
the  conclusion  reached  that  m few  instances  has  this  aim  been 
achieved  Without  adequate  isolation  of  the  controller  from  the 
requirement  to  continually  interact  with  the  computer,  workload 
IS  mevitsbly  increased  to  an  unacceptable  degree,  due  to  the 
edditionai  tasks  imposed  on  the  controller  by  the  demands  of 
the  automated  aspects  of  the  system  The  development  of  the 
Canadian  Forces  automated  terminal  control  concept  involved 
evaluation  of  several  mathods  of  simplified  man-computer 
interaction,  c.irried  out  within  constraints  imposed  by  limited 
available  manpower  m the  controller  trade,  and  ! riited  funding 
for  the  program  A solution  ha^  been  developed  wnich  appears 
to  adequately  act  as  a ccinpromt»e  between  these  conflicting 
requirements  Author 


ti73  23717  Labors  toire  Central  do  Recherches  Thomson-CSF. 
Orsay  (France) 

INTEGRATION  OF  COMMUNICATION  FUNCTIONS. 
NAVIOATON.  IDENTIFICATION.  AND  TRAFFIC  CONTROL 
(INTEOMATION  D50  F0NCTI0N8  OE  COMMUNICATION. 
Of  NAVIGATION  D IDENTIFICATION  ET  0€  CONTROIE 
OE  TRAFICj 

L)  MiIomvic  »nd  P Mollie  (Service  Tech  de$  Telecomm  de 
lAitl  In  AGARD  Air  TreHic  Coi-trcl  Systems  Apr  1973 
11  p In  FRENCH  (For  evsilabiJlY  see  N73-23689  14-21) 

The  economic  espocts  of  replecmg  sepera.e  ancrah  landing 
end  i.nticollision  equipmeni  with  an  integrated  lime  (reqoency 
tyetem  ere  discussed  m detail  A comparison  was  also  made  of 
the  relBlive  cost  value  of  replacing  equipment  mounted  on  the 

TrantI  by  E H W 


N73-23718  OeparlmenI  of  Transporielion.  Weshingion.  DC 

SATEIUTE  CONSIDERATIONS  IN  FUTURE  AIR  TRAFFIC 
CONTROL  SYSTEMS 

D E Findley  /n  AGARO  Air  Traffic  Control  Systems  Apr 
1973  9 p (For  avauabiiiiy  see  N73-23639  14  21i 

A program  foi  improving  the  air  traffic  control  system  of 
iF«e  United  Stetas  is  discussed  The  orogram  is  involved  with 
dap'oyment  and  impi-»'r  entation  of  major  improvements  for  cenain 
•nroute  and  terminal  area  air  traffic  control  functions  Development 
efforts  are  proposed  for  the  following  subjects  (1)  traffic 
furvfillance.  (2)  conflict  predictior}.  (3)  resolution  and  avoidance 
(4)  landing  guidance,  and  (5)  automation  of  air  traffic  control 
(unctions  The  background  (or  the  formulation  of  a concept  Of 
tha  air  traffic  control  system  for  the  19B0  time  period  and  beyond 
It  considerad  Emphasis  is  placed  on  the  use  of  artificial  satellites 
to  meet  the  air  traffic  demands.  Author 


N73-23719  TRW  Systems  Group  Redondo  Beach.  Calif 
CONCEPTUAL  ANALYSIS  OF  ICNI  SYSTEMS 
J H Craigie  /n  AGARO  Air  Traffic  Control  System*  Apr 
1973  7 D refs  (For  availability  see  N73  23689  14-21) 

Th®  develupineiit  of  cm  iiiiprovdd  COrrrr.ur.:C3ticri5.  nsvigat’On 
and  identification  (ICNl)  system  for  command  and  control,  air 
traffic  control  and  mission  execution  i$  discussed  The  program 
IS  mainly  directed  toward  the  requnements  of  four  major  Air 
Force  (jommarids  The  special  requirements  for  each  type  of  Air 
Force  mission  are  analyzed  to  show  the  variations  reqi  ed  m 
the  proposed  system  Author 
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N73-23720  Mitr«  Corp . Bedford. 
k PRACTICAL  DESIGN  OF  AN  ICNI  SYSTEM 
C Eric  /n  AGA'^O  Air  Traffic  Corttrol  Syatama  Apr 

1973  14  p For  avaitability  f N73-23989  14-21) 

Tha  kov  faciort  wh»ch  have  retulted  the  proliferatiori  of 
communicationa.  navig«Uion.  ar>d  tdenv.'.caucn  eouipmeoi  m 
aircraft  are  diacuaaad  The  advantagea  of  interconnective 
communicationa  capability  and  common  position  location 
capebilitY  in  reducir^g  complexity  of  the  tyttem  while  improving 
operationai  capability  are  examined.  A specific  candidate 
communication  system  is  proposed  and  its  capabilities  are 
analyzed.  Author 

N73-23721  Oft.cx.  of  the  Secretary  of  Defense  (Research  ar\d 
Er>gir>eering).  Washington.  D C 
INTEGRITY  OF  ICNI  SYSTEMS 

Robert  Lyfe  Uruten  in  AGARO  Air  Traffic  Control  Systems 
Apr  1973  3 p (For  availatHlity  see  N73  23689  14-21) 

An  analysis  of  mtsgrated  communications,  navigation,  and 
identification  aystema  for  aircraft  operation  is  presented  Advances 
in  electronice  solid  state  devices,  logic  circuits.  ar>d  discrete 
furtction  modules  are  described  to  show  application  to  systems 
mtagration  The  anvcipated  improvements  in  operational  capability 
through  system  integration  are  analyzed  Author 


N74-14346#  Advisory  Group  for  Aerospace  Research  and 
Development.  Paris  (France) 

rCSTINO  PHILOSOPHY  AND  MSTHOOS  OF  fiUlOANCe 
AND  CONTROL  SYSTEMS  ANO  SUBSYSTEMS 

Oct  1973  210  D Partly  in  FRENCH  and  in  ENGLISH 

lAGAHO-LS-eOI  Avail  NTIS  HCS12  50 

Tha  p'ocaodings  o(  a conlaranca  on  oarfoimance  taaiing 
gupdanca  and  conifol  ayatsms  foi  aiiciaft  -nd  s—acaciart  V'a 
praaantad  Tha  aubjacta  diacuaaad  aia  1 1 1 vartical  accalaialion 
taaia.  I2)  cantnfuga  taaiing  of  inartial  ayaiama,  (3)  alntuda  control 
unit  loi  Bounding  rockata.  I4|  avaluation  of  eleetio  optically  aidad 
apaca  navigation  ayatama,  (51  atandaidiiation  of  aoflwara  and 
hardwara  for  taat  avataina.  (61  taating  o(  anciaft  navigadon  ayatama 
with  a high  pracia.on  rafaranca  and  (7)  .nertia(  guidance  syatam 
tasta  using  rocket  propa((ad  alada  For  individual  lillea  aaa 
N74- 143*6  thioogh  N74- 14366 


N74.1434B  Cantral  Inertial  Guidanca  Taat  Facility.  Holloman 

AFB.  N Maa 

INTRODUCTORY  REMARKS  TEST  TECHNOLOGY 
TRENDS 

Martin  G Jaanka  fn  AGARO  Teaimg  Philoaophy  and  Methoda 
of  G'J'dence  6”d  C-onuol  Systems  »nrj  S«n^y^temi  Oct  197.3 
3 p (For  eveilabihty  see  N74-14345  05-21) 

The  trends  and  approaches  taken  to  solve  the  problems 
involved  m testing  components  of  menial  navigation  systems 
are  diKussed  The  cctivities  of  a test  facility  ^re  described  and 
imponerKe  of  reliability  analysis  a>  a pan  of  the  performance 
tests  IS  emphasized  The  aspects  of  systems  testing  which  are 
analyzed  ere  (1i  tesi  accuracy.  (2)  test  stimuli  (3)  test  dynamics, 
and  (4)  last  efficiency  Author 


N74-14347  Laboratoue  de  Recherches  Balistiques  el  Aerodr- 
nemiques.  Vernon  (France) 

RIGA  ACCELERATION  TESTS  ON  VERTICAL  10G,  3 HERTZ 
TABLE 

Michel  Corset  /n  AGARD  lestmg  Philosophy  and  Methods  of 
Guidenca  and  Control  Systems  and  Subsystems  Oct  1973 
15  p refs  (For  availability  see  N74- 14345  05-21) 

The  characteristics  of  pendulous  gyro  accelerometers  and 
methods  for  conducting  venical  acceleration  tests  are  discussed 
Mathematical  models  are  developed  to  describe  the  primary 
elements  of  gyro  accelerometer  testing  Block  diagrams  of  the 
test  equipment  and  components  are  provided  The  problems  and 
procedures  *or  conducting  acceleration  tests  on  a centrifuge  and 
vibration  tears  are  explained  Author 


N74-1434B  Central  Inertial  Guidance  Test  Facility.  Hollomar^ 

AF8.  N Met 

INERTIAL  GUIDANCE  SYSTEM  CENTRIFUGE  TESTING 
Richanf  E Holdeman /n  AGARD  Teriing  Philosophy  and  Methods 
of  Gutdpnce  and  Control  Systems  arxj  Subsystems  Oct  1973 
15  p lefs  (Fur  availability  see  N74  14345  05-21) 

The  development  and  charictenstict  of  a centrifuge  for  testing 
iryertial  guidance  systems  are  discussed  The  subjects  presented 
are  1 : overall  cantnfuga  capability.  (2)  test  methods  and  sequence 
for  testing  a typical  system,  (3)  instrumentation  to  monitor  all 
signals  for  on-line  data  validation.  (4)  methods  for  computer 
data  processing,  and  (5)  test  philosophy  for  evsluatmg  component 
performance  at  the  system  level  Author 

N74-14349  Dormer  System  GmbH.  Fnedrichshafeo  (West 
Germany) 

TESTING  OF  AN  ATTITUDE  CONTROL  UNIT  FOR  SOUND 
INO  ROCKETS 

Hartmut  S.emann  in  AGARD  Testing  Philosophy  and  Methods 
of  Guidance  and  Control  Systems  and  Subsystems  Oct  1973 
8 p (For  availability  see  N74  14345  05-21) 

After  a general  view  of  the  structure  of  an  attitude  Control 
unit  for  sounding  rockets  a short  description  of  the  equipment 
available  for  the  test  of  attitude  control  systems  is  given  On 
thia  basit  a test  philosophy  is  shown  which  allows  a thorough 
testing  of  the  atiiti’de  control  unit  at  optimal  costs  This  can  be 
done  by  a test  program  which  examines  every  phase  of  the 
attitude  control  maneuver  completely  out  w'hout  redundancy 
Within  this  scope  also  environmental  test.  ^ dealt  with  In 
the  following  some  prscticel  guidelines  fc>  preperetion  and 
execution  of  the  tests  are  given,  whereby  (he  engagement  of 
the  customer  plays  a significant  role  Author 

N74-14380  CenuaS  Ineitiai  GuiJance  F«cii<ly.  Huliorna'* 

AFB.  N Mex 

LABORATORY  EVALUATION  OF  ELFCTRO  OFTICALLY 
AIDED  SPACE  NAVIGATION  SYSTEMS 

Welter  G Peterson  in  AGARD  Testing  Philosophy  and  Methods 
of  Guidance  and  Control  Sysierns  and  Subsystems  Oct  1973 
10  p refs  IFor  availability  see  N74-14345  05-21) 

A key  step  m any  development  program  is  the  laboratory 
testmg  which  provides  a means  of  demonstrating  the  design 
corKtpi  and  hardware  performance  The  success  of  this  tesiinq 
It  dependent  upon  both  laboratory  accuracy  and  the  faithfulness 
with  which  the  systems  operational  environment  is  duplicated 
within  the  laboratory  The  greatly  increased  accuracy  and 
complexity  of  electro-optically  aided  space  navigation  systems 
that  are  currently  being  developed  force  the  test  engineer  to 
devise  new  test  methods  m order  lo  insure  the  validity  of  his 
results  This  paper  seeks  to  explain  the  approach  that  the  Central 
Inertial  Guidance  Test  Facility  (CiGTFl  >s  pursuing  to  meet  this 
challenge  It  discusses  the  way  past  systems  have  been  tested 
end  the  methodology  which  will  be  used  to  evaluate  future 
ones  Author 

N74-14361  Llektronik-Systern  GmbH.  Munich  (West  Ger- 

meny) 

TRENDS  TOWARDS  STANDARDIZED  SOFTWARE  AND 
HARDWARE  FOR  TEST  SYSTEMS 

e tichenauer  M Mall  and  G Schweizer  (Dormer  System 
GmbH)  fn  agahd  Testing  Philosophy  and  Methods  of 
Guidance  and  Control  Systems  and  Subsystems  Oct  1973 
20  c refs  iFu'  availability  see  N74  14345  05  2l) 

The  use  of  automatic  lest  equipment  for  check  out  of  eitcrah 
t/efore  flight  i>  discussed  A check  out  system  comprises  an 
equipment  to  stimulate  the  system  to  be  tested  with  defir^ed 
lest  Signals  measuring  units  the  interconnectior.  system  for  the 
connection  of  all  parts  with  the  requirtrd  test  signals  and  meesonng 
units,  the  process  computer  w;ih  the  interface  unit  and  npul- 

r>L|fput  p«riphnrals  Th«i«  IS  ^ r«»rjiiirpmflnt  g y^noty  O* 

Stimuli  and  measuring  units  Exannpies  are  ac  and  dc  test  signal 
sources  hydraulic  transducers,  mechanic'll  transducers,  insiru- 
ments  meas-unng  current  voltage,  power,  pressure,  rotations  The 
re<iu«rad  software  is  as  important  for  the  operation  of  a check  out 
system  as  the  hardware  itself  The  test  procedures  for  the  specific 
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System  to  6«  Specification  for  the  stimuli  and  the 

measuring  units  to  t>e  applied  and  the  basic  software  *or  ihd 
computer  and  the  process  peripherals  as  well  as  the  user  pr<^gram 
fo.’  the  specific  check  out  equipment  and  the  system  to  be  tested 
are  all  pans  of  the  software  complex'  Author 

N74  14362  Royal  Aircraft  Establishment.  Eambcrough  (Eng- 
land) 

AIRCRAFT  INERTIAL  SYSTEM  TESTING  AND  EVALUATION 
IN  THE  UNITED  KINGDOM 

R F Stokes  and  S G Smith  In  AGARO  Tes  ir"?  Philosophy 
and  Methods  of  Guidance  and  Control  Systems  itnd  Subsystems 
Oct  1973  49  p (For  availability  see  N74  14345  05  21) 

Internal  sysiarn  testing  by  Government  Departments  m the 
United  Kingdom  is  undertaken  by  two  Establishments  - RAE 
Farnborough  and  A and  AEG  Boscombe  Down  For  historical 
rea^tc-  s most  flying  is  done  ai  A and  AGE  where  a fully 
instiu’nHr^ted  aircraft  has  been  provided  lor  precise  navigation 
?ri3i5  b It  the  methods  used  a>e  largely  derived  at  RAE  Details 
of  the  f^le'ence  equipment  available  its  advantages  and 
drawuacks  are  giveri  together  with  a description  nf  the  methods 
used  lo  obtain  a high  quality,  world  wide  position  and  velocity 
reierence  Various  methods  of  obtaining  statistical  performance 
parametf  rs  are  discussed  and  their  consistency  is  demonstrated 
The  oiobljrns  o*  performance  diagnosii  are  iHustratod  with  a 
worked  example  which  also  shows  the  use  of  a digital 
ma'hem.itical  model  of  an  IN  systern  Some  ideas  on  a possifcte 
new  approach  ;o  inertial  system  testing  art  also  given  Author 

N74-14353  Central  iriedial  Guidance  Test  Facility.  Holloman 
AF6.  N Mei 

AIRCRAFT  NAVIGATION  SYSTEMS  TESTING  WITH  A HIGH 
PRECISION  REFERENCE 

Melvin  Birnbaum  /n  aQARO  Testing  Philosophy  and  Methods 
'/<  Coidar.ce  and  Centre!  S,ste"'£  Subsystem*:  Ort  1973 
11  0 rets  iFof  availability  see  N74. 14345  05  2 i ) 

The  development  and  characteristics  ol  an  aircraft  test  bed 
and  a r^mpietely  integrated  Reference  instrumentation  System 
(CIRIS)  are  described  The  system  uses  a display  system  with 
alphanu  neric  and  graphic  represer^tation  to  provide  indications 
of  system  operation  The  components  of  the  system  are  illustrated 
and  procedures  for  conducting  the  tests  are  analy^red  Author 

N74-14364  Central  Inertial  Guidance  Test  Fati:/  Holloman 
AFB  N Mex 

INERTIAL  GUIDANCE  SYSTEM  SLED  TESTING 
G R Moier  In  AGARO  Testing  Philosophy  anc  Methods  of 
Guidance  and  Control  Systems  and  Subsystems  Oct  1973 
31  p refs  (For  availability  see  N74  14345  05-211 

The  techniques  used  foi  precision  sled  testing  of  mertial 
and  terminal  guidance  systems  and  components  under  high 
sustained  imoei  acc&Ser3*<or.s  v.:th  supcrrmpused  viD'jt'O^  nn 
the  Holloman  fifty  thousand  foot  high  speed  rocket  s'ed  t«sl 
track  are  discussed  This  track  is  inst'umenied  with  a precision 
position  and  nme  measuring  system  which  measures  the  sled 
velocity  to  better  than  0 02  feet ' secoiirl  Sledborne  magnetic 
tape  recorders  and  radio  frequency  (RF  telemetry  are  i.-sed  to 
obtain  data  Time  digitisation  of  guidance  system  data  for 
automatic  computer  processing  is  utilired  Strapped  down  and 
gimballed  systems  have  been  tested  Accelerometers  are  teste  ' 
in  system  configuration  by  installing  them  on  a mod  fied  mertial 
plaiform  Static  calibration  of  accelerometer  bias  and  scale  factor 
gyro  drift  coefficients,  and  ineriial  component  non  orihogonaiity 
rreasuremenis  are  made  between  sled  runs  Acceleiom«ier  error 
modaL  include  lerms  which  are  a function  of  steady  i'aie 
acceleration  inputs  and  dynamic  acceieratior  senbitive  terms 
PfOCr*aation  of  individual  error  sources  ar  a function  ol 
acreieranon  profile  is  examined  Auino> 

N74-14366  Thomson-CSF  Bagneui  iFrance) 

ROLE  OF  SIMULATIONS  IN  THE  STUDY  AND  DEVELOP 
MENT  OF  THE  CROTALF  SYSTEM 

G Paretti  In  aGaRO  Testing  Philosophy  and  Methods  of 
Guidance  and  Control  Systems  ar'd  Sub5/Si.‘'ms  Oct  197  3 
21  D In  FRENCH  and  ENGLISH  (For  availab'l'ty  ste  N74  14345 
05  2H 


After  a general  description  of  the  CROTALE  Weapon  System, 
the  ma>n  stages  of  the  technical  program  development  are 
ir^icated  Then  the  role  of  simulations  <s  discussed  m further 
detail  and  the  methodology  of  their  use.  on  several  levels  is 
stressed  Attention  is  drawn  tc  the  basic  character  of  a constant 
ad|ustmen(  of  simulations  to  experimental  results  Finally,  an 
application  of  methodology  is  illustrated  by  a practical  example, 
and  Simulation  results  are  compared  to  test  results  Author 

N74-14356  Central  Inertial  Guidance  Test  FecilitV-  Holloman 
AFB  NMax 

TERMINAL  GUIDANCE  SYSTEM  TESTING 
Felix  E Morgan  in  AGARD  Testing  Philosophy  ahd  Methods 
of  Guidance  and  Control  Systems  ar>d  Subsystems  Oct  1973 
21  p ref  (For  availability  see  N74- 14345  05-21) 

Through  ihb  proper  combination  of  complementa'^  non 
destructive  tests  and  verification  by  a limited  number  of  live 
firings.  *x  <s  now  possible  to  increase  the  test  cost  effectiveness 
itest  validity  divided  by  test  cost)  for  terminally  guided  weapon 
Systems  These  non  destructive  tests  are  cor^ducted  under  an 
integrated  test  concept  This  concept  dictates  complementary 
tests  ir.  varied  lest  arenas  each  providing  some  benefit  not 
available  ir^  (he  others  The  results  of  all  these  nori  destructive 
tests  are  then  incorporated  mto  a guidance  performance 
propagation  computer  prog'am  to  arrive  at  guidance  only  total 
system  peTormance  The  validity  of  the  performance  propagation 
for  the  pariiculai  syst  }m  under  test  ri^dy  iheri  be  verified  by  a 
limited  number  of  live  launches  These  valid  guidance  performance 
indicators  can  then  be  combined  with  non-guidance  performance 
data  to  predict  total  weapon  system  effectiveness  Over  a widei 
realm  of  launch  parameters  This  can  also  be  done  at  a lower 
cost  than  would  have  been  possible  utilising  only  a large  number 
of  five  launches  The  Guidance  Test  Division  at  Holloman  AF6 
New  Mexico,  is  conducing  such  integrated  tests  This  paper 
presents  the  detailed  descriptions  of  the  test  facilities,  test 
■ ■•«tii<^>.  dud  date  ftdwct-cr.  tcchr.iqjcc  required  to  amye  ef 
the  performance  indicators  inputs  to  the  guidance  performance 
propagation  computer  program  Author 
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Includai  icouitici.  ctvoganict.  inKhtnici.  tod  optici  For 
«urcphy«ict  (M  30  So«c*  SciarKts  For  gaopdytrci  and 
ralaiad  mlurmation  laa  alao  13  Gaophytici.  20  Maiaorol- 
og-,  and  29  Spaca  Radiation 


N73-33619||f  Adviaory  Group  (or  Aarospaua  Raaaarcn  and 
Oavalopmant  Pann  (Franca) 

OPTICS  OF  THE  SEA  (INTERFACE  AND  IN  WATER 
TRANSMISSION  AND  IMAGING) 

Aug  1973  431  p In  ENGLISH  partly  in  FRENCH 
(AGARO-LS-61)  Avail  NTIS  HC  $23  75 

Tlta  procaadings  of  a conla'ance  on  tha  opt'cal  propartiat 
of  tha  taa  ara  raportad  T^a  subiacts  discussad  includa  iha 
foUowring  (1)  raflacron  and  rafraction  of  light  at  tha  laa  lurlaca. 
12)  rafractiva  mda«  fluctuations  in  saa  waiar  (3)  Dta  thaory  of 
•mall  angJa  scattarir.g.  (4)  undarwalar  visibility  and  imaging  (5) 
of  fof  urvdooArstsf  iHu^'nstton.  (6)  long  fsngo  vitton 
tochniquot.  *nd  (7)  sp9ii«l  filtering  and  image  restoration  tfut 
io<44Vi<Jual  titles,  see  N73-33620  through  N73  33638 

N73-33820  Centre  National  d Etudes  des  Telecommunications. 
Isay-les-Moulineaux  (France)  Oiv  des  Previsions  lonosphert- 
quet 

INTRODUCTION  TO  THE  ELECTROMAGNETISM  OF  THE 
SEA  lINTROOUCTION  A L ELECTROMAGNETISME  OES 
MCRS) 

P Halley  /n  AGARD  Optics  of  the  See  (Interlace  ar>d  in  Water 
Transmission  and  imaging)  Aug  1973  3d  p refs  in  FRENCH 
(Fo  availability  see  N73-33619  24-23) 

The  OeOye  theory  of  polantation  of  liquids  was  used  to 
-..ticuiate  real  oermiitivity  and  conductrvity  of  the  sea  Also,  visibi') 
light  tempera«gre  measurements  rvere  used  to  observe  superficiei 
feihptuature  and  chemical  composition  of  the  sea  Surface  The 
effects  of  Surface  emissitivity.  reflection,  and  tefrac'on  are 
discus  ied  TransI  by  E H W 

N73-33621  In'i.tilute  c:  Ph-isical  Oceanography  Copenhagen 
(Denmark) 

RADIANCE  DISTRIBUTION  BELOW  THE  SEA  SURFACE 

K)ell  N'-ga-'d  In  AGARO  Optics  of  the  Sea  (loierface  and 
In  Water  Transmission  and  Imaging)  Aug  1973  22  p refs 

(For  availability  see  N73-33619  24  23) 

Radiance  dislnbulior'  as  a (unction  of  decth  are  the  most 
basic  radiometric  quantities  for  oescribmg  the  structure  of  the 
solar  and  global  field  of  radiation  m the  upper  layers  of  the  sea 
Immediately  below  the  sea  surface  the  radiance  distnbutior^  is 
chiefly  deterrnmsd  by  the  radiance  distribution  aoove  the  surfece 
and  by  the  reflecting  and  refracting  properties  of  the  air  water 
ir.terface  Through  the  prr>ce85es  of  absorption  and  scattering  by 
the  water  itself  and  by  dissolved  and  suspended  matter  the 
initial  radiance  distribution  is  progressively  change  vith  increasing 
depth  A Survey  is  given  o'  concapts  of  inherent  and  apparant 
optical  propenias  and  simpla  models  describing  the>r  mtarrala 
tions  and  raiationt  to  the  ra'fiance  distribution  through  the 
desticai  time  independeoi  equation  of  radiative  .'snifar  ara 
presaniad  Soma  eiparimaniai  data  are  presented  and  discussed 
A brief  account  of  the  polarization  of  the  undurwater  light  field 
IS  given  Author 

N73  33822  Centre  de  Recheiches  Oceanog'aphiqjes  Vit 
lefranrhe-tur  Mer  (France)  Lab  d Ocairvograpine  Physique 
BNIEF  ON  THE  T!4E0RIE8  OF  RADIATIVE  TRANSFER 
APPLICATION  TO  PROPAGATION  IN  THE  SEA  jAPERCU 
$UR  LE8  THEOPIES  OU  TRAN8FERT  RADIATIF  APPl.l 
CABLES  A LA  PROPAGATION  DANS  lA  MER| 

L P>-*ur  and  A Moral  In  AGARD  Optics  of  the  Sea  Mmarface 
and  In  Wsiar  Transmission  and  Imaging)  Aug  1973  25  p 

refs  In  FRENCH  (For  availability  see  N73  33619  2^1  23) 

Several  theories  on  tha  propagation  of  electromagnetic  waves 


in  saa  wata*  are  bneflv  diKussed  Date  cover  trenafer  equations, 
computer  methods,  spherical  harmonics,  asymptotic  methods,  arid 
padurbaiion  theory  TransI  by  E H W 

N73  33623  Pans  Umv  (France)  Lab  d Oceanographie 
Physique 

SOLAR  ENERGY  AND  SEASONAL  THERMOCL1NE  (EN- 
EROIE  SOLAIRC  ET  THERMOCLINE  SAtSONNlERE) 

J P Baihoux  and  A ivanoH  in  AGARD  Optics  of  the  Sea 
(InieHace  and  In  Water  Transmission  and  Imaging)  Aug  1973 
7 p refs  In  FRENCH  iFc*r  availability  see  N73-33619  24-23) 

Various  factors  affect  ng  the  seasonal  thermocime  of  the 
sea  are  studied  oy  manna  photometry  Spacifically.  the  effects 
of  advection.  vertical  temperature  profiles.  er>ergy  absorption, 
mixing  tx>undary  ayer.  and  marine  currents  are  discussed 

TransI  by  £ H W 

N73  33824  Pans  Univ  (France)  Leb  d Oceanographie 
Physique 

PHYSICAL  FACTORS  CHEMICAL  AND  BIOLOGICAL 
EFFECT  OF  THE  PROPAGATION  OF  LIGHT  IN  SEA 
WATER 

Alexandre  Ivanoff  in  AGARD  Optics  of  the  Sea  (Interface  and 
In-Water  Transmission  and  Imaging)  Aug  1973  45  p refs 

In  FRENCH  (Fur  availability  see  N73-33619  24-23) 

Definitions  are  given  oi  parameters  pertinent  to  characieriz 
•ng  the  optical  properties  of  turbulent  and  pure  sea  water  Various 
other  factors  affecting  the  optical  properties  of  sea  water  including 
materials  suspended  m the  water  substances  m solution  and 
incidence  of  refraction  are  discusser*  Dat?  are  also  given  on 
the  spatial  and  temporal  distribution  o<  optical  properties 

TransI  b--'  E H W 

N73-3382S  Teua  Tech  Inc  Pasadena.  Cahf 
REFRACTIVE  INDEX  FLL'CTUATIONS  IN  SEA  WATER 
Henri  .fodata  /n  AOARD  Opiicr  of  the  Sea  (Interface  and 
in-WatBf  Transmission  and  Imagirgi  Aug  1973  14  p refs 

iFof  availabiltly  see  N73  33619  24  23) 

Mathematical  methods  for  predicting  the  effects  of  thermil 
and  saline  mhom ogeneities  on  optical  imaging  systems  are 
presented  Temperature  and  salinity  variations  cause  corresponding  | 

fluctuations  in  the  refractive  index  resulting  m loss  of  resolution  l 

Formulas  are  developed  for  the  refractive  index  changes  m terms  ! 

of  their  gradient  with  respect  to  salinity  and  temperature  It  is 
stated  that  a duai-scan  system  is  fairly  immune  to  temperature 
and  slmity  fluctuations  Author 

N73*33626  Oregon  Stale  Univ  Con/aiiis  School  ol  Oceanogra  i 

phy 

VARIATION  OF  OPTICAL  SEA  PARAMETERS  WITH 
DEPTH 

j Ronald  V Tanevaid  in  AGARD  Opnes  of  the  Sea  (interface  ; 

and  In  W'ate'  Transmission  and  imaging'  Aug  1973  22  p ^ 

refs  (Fur  availability  see  N73  33619  24  23) 

The  depth  dependence  of  light  scattering  and  attenuation  ' 

peramciters  m the  ocean  are  discussed  The  theoretical  dependence 
of  optical  parameters  on  the  concentration,  size  distribution  and  ’ 

physical  parameters  of  the  pariicuiaie  matter  is  discussed  A 
simpli  model  for  the  depth  dependence  of  particulat**  matter 
corcoritrations  i5  presented  Results  agree  qualitatively  with 
observed  distributions  The  interrelation  of  optical  parameters  -' 

pertnJe  concuniratio  and  hydrographic  parameters  xr  obtained  | 

from  sxpenmenial  observations  in  several  areas  is  discussed  i 

Author  ^ 

N73-33627  Centre  de  Pecherches  Oceanrgraphiques.  Vii 
lefrenche  sur  Mer  (Francei 

DIFFUSION  OF  LIGHT  BY  SFA  WATER  EXPERIMENTAL 
RESULTS  AND  THEORETICAL  APPROACH  |DIFFUSION  5 

VM  LA  LUMIFRE  PAP  IFS  FAUX  OF  MFR  RESULTATS  { 

EXPCRiMcNTAUX  ET  APPROCHE  THEORIQUE|  ^ 

Andre  Moral  in  AGARD  Optics  of  the  Sea  (Interface  and 
In-Weter  Transmission  and  lniag-ng»  Aug  ■'973  73  p refs 

In  F.RfNCH  iFor  availability  *.ee  N73  336  -’  *'4  23i 

Several  theories  RaylciQf^  Rayleigh- and  Mie  used 
to  calculate  light  propayat-:7n  m sea  waiei  as  a function  of 
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ib«a(ptK>n  and  diKutK>n  ara  diacuaaad  Tha  aflacts  of  polamation. 
pofydiftpartad  and  tphancal  pan»clas  and  long  wava  radiation 
ara  alao  diacutaad  Oafmitions  of  vanout  paramatars  utad  and 
aaparinriantal  raauMs  ara  givan  >n  an  appandix  TrantI  by  E H W 

N73-33628  Tatra  Tech.  Inc  Paaadana  Calif 

THEORY  OF  SMALL  ANGLE  SCATTERING 

Willard  H Walls  M AGARO  Optics  of  th#  Saa  (Intarfaca  and 

In-Watar  Transmission  and  imaging}  Aug  1973  19  p rafs 

(For  avaitabilitv  saa  N73-33619  24  23) 

Tha  fundamental  description  of  light  scattering  by  particles 
in  saa  water  is  prasaniea  The  votuma  scattering  function  is 
defined  as  the  amount  of  light  scatiarad  par  mater  into  a differentia) 
solid  angle  m a given  direction  For  multiple  scattanr>g  a derived 
quantity  called  tha  point  spread  function  is  needed  to  describe 
the  intensity  blur  distribution  at  a given  range  Numerical 
relationships  are  developed  to  show  the  effects  of  venous 
parameters  on  visibility  conditions  Author 

N73-3'^829  Tatra  Tech.  Iric  . Pasadena.  Calif 
EXPERmAENTAL  results  of  SMALL  ANGLE  SCmTTER 
INO 

Hann  Kodira  In  AGARO  Optics  of  the  Sea  (Interface  and 
In-Water  Transmission  and  Imaging)  Aug  1973  1 7 p refs 

(For  availability  see  N73-33619  24  23) 

The  characteristics  of  light  scattering  at  large  angles,  small 
ar>gles.  and  vary  small  angles  For  each  of  the  angular  ranges, 
the  relative  contributions  from  relraciion  and  diifractioi  are 
calculated  It  was  determined  that  large  angle  scattering  is  r >ostiy 
due  to  diffraction,  while  refraction  is  responsible  at  small  an^it's 
The  results  of  scatterm.j  measurements  by  point  spread  function 
and  by  modulation  iran'.fer  function  are  presented  Author 


N73  33630  Tet'S  Tech  !nc  Pas3de-3  C3'-‘ 

factors  affecting  long  range  vision 

Willard  M Wells  In  AGARO  Optics  of  the  Sea  (Interface  and 
In-Water  Transmission  and  Imcgmgj  Aug  1973  10  p r<,f$ 

(For  availability  see  N73-33619  24  23' 

The  venous  phenome  , which  affect  long  range  underwater 
vision  are  discussed  The  most  important  factors  are  Ml  decay 
of  light  in  narrow  and  broad  beams  i2)  light  backscattered  from 
particulate  matter.  (3)  return  lig.ht  whose  image  loformetion  is 
scrampled  by  sniall  angle  scatter  enroute  to  tne  detector  14) 
the  statistics  of  detected  photons  and  (5)  s\jnai  to  noise  ratio 
criteria  for  imaging  Mathematical  models  a*e  presented  to  show 
the  effects  of  the  various  factors  Author 


N73-33631  Teira  Tech  Inc  Pasadena  CaM 

CRITEFtlA  FOR  VISION  RESOLUTION.  SIGNAL  TO  NOISE 

RATIO  CONTRAST 

Henri  Hodara  In  AGARD  Ot)tics  of  the  Sea  (Inteiface  and 
In  Water  Tr^nsmissior.  anj  Imaging'  Aug  1973  13  p reK 

(For  availability  see  N73  33619  24  23) 

The  vision  criteria  of  resolution  signal  to  noise  ratio  and 
contrast  are  discussed  The  concepts  are  apolied  lo  calculate 
the  ultimate  resoiuiion  of  underwater  imagirig  systems  it  is  stated 
that  a Signal  tc  noise  ratio  ot  five  is  sufficiam  to  erisure  image 
quality  Mathen-iat'cai  models  of  the  factors  aifectmg  underwater 
vision  are  developed  Author 


N73-33632  Teira  Tech  Inc  Pasadena  Calif 
MEOtJM  AND  SYSTEM  TRANSFORM  FUNCTIONS 
Willr^rd  H Wells  In  AGA90  Optics  of  the  Sea  llnierface  and 
In  Water  Transmission  and  Imbgmyi  Aug  1973  16  p (Fo*^ 

8/ailability  see  N73  33619  24  23) 

The  application  of  Fourier  techniques  lo  calculate  the  spread 
of  scattered  light  surrounding  other  distributions  is  discussed  for 
C4ses  O'  a circular  spot,  a beam  (-(.th  CauvS-ar*.  profile  an.d  a 
linear  stripe  The  quantities  needed  for  round  tnp  propagation 
from  transmitter  to  receiver  are  delmed  A formula  (or  particle 
backscattenng  is  developed  A table  of  blur  and  offset  distributions 
and  the  lelated  Fourier  transforms  and  transfer  lunuions  is 
included  Author 


N'’3-33633  Tatra  Tech  Inc  . Pasadena.  Calif 

SOURCES  ARC.  FLASH.  INCANDESCENT  AND  LASER 

LAMPS 

Henn  Hodara  and  Willard  H Wells  m ACARO  Optics  of  the 
Sea  (Irtterface  and  In-Wate'  Transmission  and  imaging)  Aug 
1973  l7  p refs  (For  availability  see  N73  33619  24  26l 

The  major  classes  of  incoherent  and  coherent  sources  of 
light  for  underwater  applications  are  discussed  A performance 
comparison  figure  for  lamps  is  developed  based  on  the  square 
root  of  the  round  trip  light  attenuation  from  lamp  to  camera 
taking  into  account  the  source,  the  medium,  and  the  receiver 
spectra)  sensitivity  It  is  stated  that  the  selection  of  a lamp  is 
dictated  by  efficiency  In  that  respec:  mcohareni  sources  are 
superior  to  lasers  for  most  underwater  illumination  applications 

Author 

N73-33634  Teira  Tech  Inc  Pasadena  Calil 

RECEIVERS  PHOTOELECTRIC  AND  PHOTOGRAPHIC 
DETECTORS 

Henn  Hodara  and  Willard  H Wells  In  AGARO  Optics  of  the 
Sea  flnterfece  and  In-Water  Transmission  and  tmagmg)  Aug 
1973  IS  p (For  availability  see  N73  33619  24  23) 

A procedure  for  comparing  photo  electronic  and  photographic 
detectors  IS  discus<i6d  The  «.nierion  is  based  on  the  product  of 
the  tignel  to  r^oise  'dtio  and  the  spatial  bandwidth  The  subjects 
discussed  are  (1)  fur\damental$  for  comparing  detector  perform- 
ance. (2)  units  for  measuring  resolution.  (3)  characteristics  of 
photoelectronic  image  detectors  and  14)  characteristics  of 
photographic  lilm  used  with  photoelectronic  equipment  Author 


N73-33636  RCA  Seivice  Co  Inc  Patrick  AF6  Fla 
UNOEflWATER  LENSES  AND  OPTICAL  PORTS 

Lawr^nr*  F In  AGARD  Onlirs  in  thr»  S^a  ilntarlacf 

and  In  Waiei  Transii>iss<0'>  and  In'dginy)  Aug  1973  25  p 

refs  tFor  availability  see  N73  33519  24  23' 

6asic  theoretical  and  prar:ticdl  aspects  of  usmg  lenses  and 
ports  m underwater  imagi-ig  syMems  are  reviewed  Terminology 
IS  defined  and  formulas  fur  estimating  field  ol  view  distortion 
ar>d  other  abenanons  are  ji'esented  Several  types  of  optical 
systems  for  correctif^g  obe"d!ions  a»e  reviewed  The  depth  of 
field  and  relative  ape'iu'e  a'c  ccenpared  lor  seve>al  lens  port 
combinations  Applications  ol  shor*  local  length,  long  focal  le.>glh, 
and  supplementary  lenses  a>e  revievved  Author 

N73-33636  Teira  Te(,h  Inc  Pasadena  Calif 
LONG  RANGE  VISION  TECHNIQUES 

Willard  H Wells  In  AQARD  Optics  m the  Sea  ilnierface  and 
In-Water  Transmission  and  Imayingi  Aug  197J  13  p lels 

■ Fo'  evailabil'W  see  N73  33619  24  23) 

Techr»'jues  for  long  'dr^go  vision  are  diSCusserl  Two  rnelhods 
range  gatmg  and  dual  scan  with  paralia*  are  described  The 
treatment  assumes  unsaluraied  photoelectronic  detectors  that 
are  limited  0/  photon  noise  not  contrast  A range  gaiei!  syStent 
wrth  radar  like  pulses  offers  Ihe  ultimate  solution  lor  long  rai»go 
vision  as  far  as  eight  aiienuaiion  lengths  and  beyond  wi.h  badly 
degraded  resolution  The  best  aiier.nativf  to  range  gating  is  a 
dual  scan  system  m wh-ch  the  iMunvnator  and  receiver  are 
separated  for  parahaw  The  practical  hmn  is  about  seven  attenuation 
lengths  unless  rar’ye  gatrric  is  added  to  eliminate  luminance  m 
nearby  waler  Author 

N73  33637  Tnra  Te-.)i  Inc  Pa  . idei'a  CaM 
SPATIAL  FILTERING  AND  IMAGE  RESTORATION 
Henn  Hodara  In  AGAHO  Qpuc . of  the  Sea  Mnierfece  and 
tn  WfltOf  Transn.  ssion  and  Imaringi  Any  1973  1 2 p (For 

availability  see  N '3  33619  24  23) 

Tl*e  e«poneriiial  dependence  ot  Die  ocean  transfer  function 
r»o  'ann*  and  thp  aofi'ir-alif.n  I j imaue  ro  .toralion  are  discussed 
An  inverse  fille-  to  restore  photographs  of  flood'll  targets  t-lurred 
by  turbulence  rs  desrni>ed  and  Uie  hmi' jtion'.  a 0 aoalyred  The 
resnlut'OT*  fJeg'arJatio''  c^n-se'l  t>y  a nnsmal'.ti  ljotv»een  liUer  and 
merl'urn  tfanslfi  fun.t.ons  i.  calculatcrl  T'*-!  siyi'dl  to  nmse 
rai'O  req»» '«*!  l ' aefnev*,-  va'ious  festoraiirm'  i.  analy/erJ  Authu.- 
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M73-33#3S  T«rr«  Tec^.  iac  . P«Md«n«.  C«lif 
I’OHTRAN  ALQOfllTHMS  fOR  UNOERWATCR  OPTICS 
Willard  H Wflls  In  AGAR9  Opt«c»  Of  ih«  S«a  Untorftco 
fn-Wttar  Tftnsmitstoo  and  :ma^ng)  Aug  1973  17  p (For 

•vaiUbihtY  1*6  N73  33619  24  23) 

Th6  appliCAtion  of  FORTRAN  •igorilhms  for  u<>d6rw6(6r  optict 
t«  dtKUlied  Th6  furKitont  porlormpd  by  vanout  iubrgut(r>#« 
art  doicribod  An  oxample  of  a complaia  computer  program  it 
provided  The  lelecied  prograrn  hat  utility  for  fundamental  studiei 
of  water  properiiet  it  acceptt  a number  of  point  ipread  funcuont 
meaiured  at  different  dutancet  and  computet  the  spatial 
fr6quer>cy  decay  function  from  each  of  them  Au'ihor 
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N;2-1l66t||l  AtfviiOiv  Group  For  Aprcopoco  Boooirch  ond 
OovoFopmoni.  Pint  IFrinco) 

AIRCRAFT  FUlLt.  LUMICANTt.  AND  PIM,  tAFITY 
Auf  1971  401  p roFt  Prooontod  •(  37(h  Mooting  of  tno 

AOARO  Proouloion  ond  ErMigolico  Ponol.  Tho  Htguo.  10-14  Moy 
1971 

(AOARO-CP-84-71;  Aviil  NTIS  HC  16  00/ MF  *0 99 

Popor*  pro  prooontod  on  oirerofi  luoli,  thoi'  production 
onotyoio.  ono  tooting.  Fuol  hondling.  fuol  ond  Firo  oofoty,  ond 
'Jbriconto  pro  oloo  dilcutood.  uoing  impoct  tooto  ond  croon 
oimulptiono  For  individuol  titloo.  ooo  N72-11669  through 
N72-1  1701 


N72-1 19699  Notionol  Roooorcn  Council  o<  Cpnodo.  Otto«v0 
lOnlono)  FuOlo  ond  LuOriconio  Uo 
J9T  PU9L  9PICIFICATI0N9 

L Oordnor  ond  R 9 Whyto  M AQARO  Aircroft  FuOlO. 
Lubriconto.  ond  Ftro  Sofoty  Aug  1971  11  p rpfp  tSoO 

N72-1 1969  02-271 
Aviil  NTIS  MC  tCOF>;M' 90  96 

Vonou"  militoi-,  ond  civil  lot  fuol  opocificotiono  pro  eompprod 
ond  ttioir  difforoncoo  ntiod  pofticulorly  with  rolorpnco  to  diWoront 
typoo  of  oddilivot  which  pro  uood  on  o mindOtoiY  or  cjlronpl 
booio  Spoeilicotion  toot  proeoowroi  ond  thou  imoortor-co  i-"- 
rplotion  to  limrto  pro  diOCuOSfd  ond  Iho  mcrooood  eomplpiity  u< 
ouolity  control  (O'  lot  fuOl  opoeificotiono  lO  notod  Autho' 


N72-11670#  Fronco  Sonnco  Tochniguo  do  l AoronouliQuO 

AIRONAUTICAL  9I0NIFICANCI  OP  POtrCYCUC 
SATURATIO  MY0R0CAR90N9  (INTIRIT  AIRONAU- 
TiOUl  OtS  MY0R0CAR9URI9  P 0 lYC  YC  LIQU  I $ 

9ATURI9)  , , . 

Q Vprdic  /n  AOARO  Aircroft  FuOlo.  Uib"Conto.  ond  Firp  Sorpty 
Aug  1971  12  0 roti  In  FRENCH  (Soo  N72  1 1968  02-271 

Avoil  NVIS  HCS9  00  MF  909R 

Tho  rpngo  of  on  oirplpno  dopondo  on  tho  omount  of  onorgy 
uood  Whon  rooorvoir  copoCMy  'O  too  lirrutod.  it  lO  poooibfo  to 
fitond  tho  rpngo  by  uomg  o highpr  pnprgy  fuol  m thio  oonoo. 
high  onorgy  polycyclic  OOlu'OIOd  hydroco'bont  0 0 POOOIWO  fuoio 
lor  ouporoonic  oo'onputico  m tho  noor  fu'uro.  OOPOCioHy  oinco 
Ihpir  thormol  oipbility  lO  lupprior  to  thpi  of  prooont  luolo 
Eooontiol  fool  chproctoriotico  pro  prooontod  togothor  with  tho 
rpoulto  of  ooporimontotion  InduOInpl  fobncotion  problomo  ond 
lutoro  poropoetrvoo  orp  conpidorod  Tronpl  by  K P 0 


N72-1 19719  Shpii  Roooorch.  ltd  , Chpotor  lEng'ondl  Thornton 
Roooo'ch  Contro 

FUIL9  FOR  9UPtR90>NlC  AND  HYPFR90NIC  AIRCRAFT 
A lowio.  M Strowoon.  ond  J 0 RuTIOV  f'-  AQARO  Airc'oft 
FuOlo.  lobnco'.to.  ond  ?i'o  Sofoty  Aug  1971  12  p roN 

Soonooipd  in  port  by  Mm  of  Avtoiion  Supply  ISoo  N72- 11999 
02-271 

Avoil  NTlS  HC96  00/MF90B6 

Tho  lirit  gonprotion  of  ouporoome  oiicroft  lo  Doing  dooignod 
to  opO'Olo  on  oiiltmg  hproiono-typo  fuolo  Tho  i mitotiorw  of 
thooo  fuolo  oro  rovipwod  ond  poopiDtinoo  conudorod  for  propoHomo 
lor  higlio'-opoorl  oircrofl.  iprvir.j  ;h,  triptf  r-.-pOOt  o'  COO'-ng  I"0 
oiriromo.  cooling  ongino  compononto  ond  providing  propuloivo 
onorgy  Problomo  of  vopor  dopooiticn  m not  f-JOl  oyotomo  oro 
covoroo  pr'd  tho  poooibili'ioo  oaplorod  of  incrooomg  tho  cold-omh 
vOluO  of  Iho  fuol  by  procooling  pr  by  ondothormic  docompooition 
Tho  coloiific  voluoo  of  diffo'jnt  fuolo  pnd  tho  'mponinco  of 
rocombmotion  cl  diooocioiod  combuotion  prodjcll  lO  otrooood 
Woyo  of  opooding  o-jch  ror-ombinotion  OrO  mdiCOIOd  Author 


Preceding  page  blank 


N72-11672||I  9holl  Dovolopmont  Co  . Emoryvillo.  Colil 
COOLINQ  OF  ADVANCED  IN0IN69  9Y  INOOTH9RMIC 
R.tACTlONi  OF  MY0R0CAR90N  FUtU 

t_  I Foith.  G H Ackormon.  ond  M T Hondoroon  In  AOARO 
Aircroft  Fuolo.  Lub'iconto.  ond  Firo  Sofoty  Aug  1971  9 P 

roft  Sponoorod  by  AFAPL  ISoo  N72-1 1666  02-27) 

Avoil  NTIS  HCSOOO/MF  sots 

Tho  fuol  uood  in  on  ongino  lo  o convoniom  eodoni. 
oboerbrng  hoot  00  oonoiMo  hoot  ond  lolont  hoot  of  vOpomoi«n 
Conoin  hydrocorbon  fuolo  con  furnloh  odditipnol  hont  link  m Iho 
form  of  ondothormic  roociioni  PoonWo  ondothormic  rooclipno 
mcludo  Ihormol  rtictioro  tueh  oo  crocking,  oitd  coiolytic  rooclipno 
Ouch  01  dohydrpgonotion  dohydrocyclitotipn.  ond  dopolymonio- 
iipn  Of  thooo  tho  cotoiyiic  djhydtogoniiion  of  nophthonoo  to 
orpmot'Co  lO  ih|  r.^oot  promiomg  typo  of  .noction  For  oaompio. 
tho  dohyorcigonition  of  mothylcyclphoaono  ovor  platmum/oluniino 
coulyol  lutniihoo  I ttpclioh  hoot  link  of  opproaimtiply  1000 
Btu  lb  full  which  It  ilighily  grpoipr  thin  tho  coolmg  copocty 
duO  ooloiy  to  tonpible  hoot  ond  lolont  hoot  of  viponiotion  Thw 
toaciion  II  vory  iploctivo  ond  prpcoodo  rppidiy  to  ochiovo  high 
cohvprdon  of  mothyicycloho«ono  to  toluono  ond  hydrogon  Tho 
loiol  hoot  link  lot  ouch  o tooct.on  oyolom  comporoo  lovotibly 
with  ihii  of  hydtogon  wMon  tnpto  hoot  iinki  iro  notmoliiod  by 
tho  hoot  of  combuotii  of  tho  fuol  Author 

N72-11672#  Monoonto  Roooorrh  Corp  , Ooyton.  Oh« 
APPLICATION  OF  ANALYTICAL  TECHNIQUE!  FOR  THE 
ANALY8I9  OF  ADDITIVE!  AND  C0NTA.MINANT9  IN 
ADVANCED  HYDROCARBON  FUEL! 

W Q ScriDnot  In  AQaRD  Aircroft  Fuoll  Lubricpnti.  ond  Firo 
Sofoty  Aug  1971  7p  rot*  (Soo  N72-1 1968  02-27) 

IControct  F33ei8-69-C  1326) 

Avoil  NTIS  HC990C..MF  S096 

A ripid  mothod  botod  pn  i opocific  ion  olocirpdo  tochniquo 
woo  odopiod  ind  Vprifiod  for  Ihp  doiormmition  of  mtcrogromo/g 
quontiiipo  in  full  of  o huonno-contoining  oddnivo  A mooouromont 
mothod  for  ng  g lovolt  of  lood  m hyd'ocorbon  fuOll  il  dOOCtibOd. 
ond  tho  nonintprloronco  of  oMowod  fuol  odditivo*  i*  dorndnotrotod 
Enomplpo  pro  olio  cnod  whoro  poll'  compound  eoniommonto  oi 
Iho  microgtom'g  lovpl  won  noioiod  ond  idontiDod  by  o 
combmonoh  of  column  chromoiognphy  ond  mlrorod  ipociropho- 
tomotiy  Voriou*  fpctoro  which  muii  bo  contidorod  in  method 
odopiilion  pro  rovipwod.  ond  tho  mod  for  doto  communicotion 
botwoon  tno  full  hpndling  ongincot  or>d  Iho  onolyoi  lu  oipodito 
Iho  tolution  of  full  contiminoiion  problomo  n otrotood  Author 


N72-11674F  Oouticho  Forochungi-  und  VorpuchtonnoH  fuor 
Luft  und  Riumlohri.  Munich  (Wo*t  Qormooyl  Inpl  fuor 
Flugtrub-  und  Schmioriioffo 

THE  P099I9IUTIE9  OF  ACTUALLY  TE9TIN0  THE 
COM9U9TION  CHARACT|RI9TlC»  OF  AVIATION  F09L9 
WITH  APPROPRIATE  EQUIPMENT 

H Oompprioin  In  AOARD  Aircroft  Fuoli  Lubncont*.  ond  Firo 
Softly  Aug  1971  tip  rtf*  (Soo  N72- 11 669  02-27) 

Avoil  NTIS  MC99  00/MF  10  96 

Sm';i'W.|l0  combuoiion  chembor  rig*  orp  do»crlb«d.  with 
whicli  combuitipn  cho'Ociori*tic*  of  ovitfion  fuol*  pro  bomg 
loou'  The  roiotionthip  of  tho  chomicpl  conttnution  of  Iho  fuolo 
ond  Ihoir  chomicil  phypieol  proponioi  ond  lh»  procooooo  during 
propo.oiion  ond  combu*lipn  of  fuol  i|  dolorminod  Invootigotron 
10  conduciod  01  difforom  ti'  ond  fuol  lomportiuroo  ond  ti 
diRonnlly  high  prtotu'o*  m tho  combuOliOn  chimbor  m 0 
purpiioi  how  TorpporoMy  cpnooculivo  procOiOO*  dunrtg  luol 
propo'olinn  pnd  combuttion  moy  pl*0  bO  opucnlly  •tporptod  pnd 
Ihoroby  firovido  for  o mooiuromont  with  cuttomary  probo*  0* 
wOll  •*  tpocl'otcopic  m»1h0d*  Author 

N72  119760  Pili  Univ  imiyl  L»b  Pruv*  Combullibtli 

LOW  EMISSION  FUELS  AND  >hiviciS  FOR  AVIATION 

IFtOINES 

Q N*rCi  /ii  AQAPO  Aiicr*fl  Fuoli  Lubrictni*  ond  Fir*  Sofoty 
Aug  1871  13  P r*ft  (So*  N72-1  1666  02-271 

Avt.'  NTIS  HCieOO  MFS0  96 

Rtductio.-  ol  hprmtui  omittion*  of  turbmp  onpinp  oahpu*t 
•ytt>m  1*  raviowod  T:-it  lypo  of  fu*l  uood  combutnor  chpmbon. 
andoppraimg  condition*  of  co-nbu*tor*  Oro  arao  invatiif^tnd 

Author 
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N72-1167tn  A«M«rch  CouftCii  of  Canada.  Ottawa 

(OAiarto)  Fuait  and  Ludncanu  tab 
FUCL  CtiANUNEtft 

L CarOr>ar  fn  AGARO  Aircraft  ^uair.  Lut>r»cania.  and  Etra 
Safatv  Au9  1971  13  p raft  (Sa«  N72  i 1096  02-37i 

Avail  NTIS  HCteOO  'MF  60  96 

Dual  purpoaa  filtar/aaoaratort  war#  davafopad  wh.cn  could 
rarrova  both  din  and  watar  imorovamanta  >n  tha  parformanca  of 
hltar/taparatora  waa  achiavad  b>  compltanca  with  incraatinety 
aavara  tpacrficationa  Maihoda  of  datarmtmno  undiaaoivad  wata> 
and  din  m iga<  and  tha«r  davaiopmant  both  for  fiitar/aaparato< 
totting  and  fiatd  uaa  ara  diacuaaad  Fuai  contamination  ov 
microorgoniama  and  aurfaciantt  haa  lad  to  aarioua  cataa  of 
aircraft  ec'roaron  and  Mtar  pfuggirig  Maaturat  to  control  or 
alimmata  thaaa  two  contammanta  ara  ditcutaod  Author 


N72-1l9f7a  Lucaa  Gat  Turbirvi  Eogipmant  ltd.  6urr^)av 
(fng*ar»d) 

6UIL  HtlATEO  dOOtLEMi  IN  AirCAAFT  FUEL  9Y6T6M6 
$ L Forgham  and  6 G Sackatl  in  AGAAO  Aircraft  F'.tit 
LubricanU.  and  Fira  Safety  Aug  1971  Mo  raft  (Sat 
N72-1  1669  02-27) 

Avail  NTiS  HC66  00  MF60  96 

Aircraft  fuai  probiami  ara  ditcutaad.  amphaaiung  probiamt 
aaaociatod  with  hydrogan  traatad  fuait  Soma  of  tha  probiamt 
wora  Ovarcoma  by  fuai  ayttam  daaign  mod<ficaiion.  ard  oth#r 
changaa  ara  raviawad  which  war#  matitutad  by  rafiAtry  mduttoat 
Raaaarch  on  fuai  laaimg  i»  alto  daacribed  jam 

N72‘1l979a  9d  Trading  Ud  London  ((ngland) 

AIRCRAFT  FUCkUNO  0MRATICN9  AND  QUALITY 
CONTROL 

G R dirkir  fn  AQARO  Aircraft  Fgai4  Lupricanta.  and  Fira 
Safaty  Aug  1971  12  p raft  <Saa  N?2  1 1 666  02-27) 

Avail  NTiS  mC66  0u  MF60  66 

Aviation  fgaiimg  faciiitiat  and  tha  fuaiimg  oparation  #ra 
daacribod  Commanta  on  tha  typaa  of  aircraft  ara  rattr  etad  to 
thota  aapaett  diraciiy  affactmg  fuallmg 


N72-11676#  Etao  Oavaiopmam  Co.  Ltd  Apingoon  (England) 

Raaaaich  Cantra 

AVIATION  FUEL  LUIRICITY 

R A Var#  in  AGARO  Aircraft  Futlt  Lubricant#  and 
Safety  Aug  U71  13  p rafi  iSaa  N72  1 1 066  02-27; 

Avail  NTiS  HC  66  00- MF  60  96 

A laboratory  taat  ng  waa  davaiooad  to  tvaiuata  Europtin 
jat  fuala  with  regard  to  IgbriCilv  Thia  hft  ahowri  difffrtncat  <r\ 
tha  lubricity  iavt>a  of  diffarant  fuait  Activt  lubricity  agtnti  war* 
■danfifitd  at  fuiiy  taturattd  hpttrocyciic  compour>di  and 
petyngeiftr  fro>ritl>Ct  Th«  eddiliOn  of  t *u<f«Ct  tCli«a  tudit.va 
•uch  aa  V corronon  inhibitor  alio  tigmficantly  improve  lubricty 
but  ear  ir>cur  conductivity  problfmt  in  (he  (ie<d  Out  to  itt 
aynergiatic  affacti  with  antistatic  adduiva  Tha  faatib>iitv  of  a tuai 
lubricity  tatt  by  chamical  phyiicai  or  mechanical  technique  tr# 
baing  atudiad  Autno' 

N72-11690F  Appiiid  Fhyaica  Lao  John»  HopKint  Univ  Siiv#' 
Spring.  Md 

flame  INH19ITION  CHEMISTRY 

R M Friltrom  and  R f Sawyar  /n  AQARO  Aircrfh  FvtH 
Lubricantt  and  Fire  Safety  raft  (Sat  N72  1 1696  02-27» 

(Grant  NSF  GM2) 

Avail  NTiS  MCteOOMFIOflJ 

TachniQutt  involving  divert#  rnechtniami  #re  employed  'n 
titinguiihmg  f)a<net  end  firet  MfChtnitmt  ««#!#  d'V'dtd  *nto 
tv/0  broad  caitgoritt  <l)  phyiicai  mecnanitmi  when  machan-.ti 
or  thfrmai  afffcil  fr#  dominant  #nd  l2)  chemical  rnechanitmi 
whan  chemical  affacti  t'a  invoivtC  *ifma  ait.ng'/ithmtnt 
vnwa'n  f't^dpn.ni  of  rh#  eH#  on  the  eitmemenr 

reaction  procaatat  -t  'tvitwad  A tirr^piified  hvd'Ogen-oiygen 
fiama  Chamiatry  la  utad  at  an  niuaifilion  Thf  cc  'nplicutiona 
introduced  by  Chtmica'  inhibition  art  pointed  Out  The  chem.cti 
kinetic  information  in  (he  art#  Of  hydiogan  atom  fcavangiog  §nci 
o*Y9ar>  flan-i#  radical  lecombmetion  ii  lurveytd  A^tho' 


N72  IlSSIa  Air  Force  Syttama  Command.  Wnght-Rattartor^ 
AF6.  Ohio  Aaro  PropuHiOn  Lab 

FLAMMAeaiTY  PROPERTIES  OF  JET  FUELS  ANO 
TECHNIQUES  FOR  FIRE  ANO  EXPLOSION  SUPPRESSION 

6 R Botitri  In  AGARO  Aircraft  Fualf.  Lubrtcanta.  and  Fire 
Safety  Aug  l97i  Up  raft  (See  N72-1 1608  02-27} 

Avail  NTIS  KCSeoO'MF  60  96 

RaauMa  of  invasngativa  afforu  to  eitabtuh  th#  practical 
Rammabiiity  anvaiopat  and  aaaocietad  combutt>on  damage 
potential  for  conventional  lat  fuait  tuch  at  Jp  4 JP-8  (umiltr  to 
jET  a-1).  and  Jp  6 under  timuiatad  hoat>ia  operating  environment 
conditiont  are  praaantad  Tatting  included  hquid  apaca  gunfire 
hitt  to  ttaatt  tattrnal  fire  haxard  end  vertical  (liquid  to  vapor) 
firing  tra)actori#a  to  daiffmina  a>oioaon  haiard  aaaocietad  with 
oroiactiia-mducad  fuel  apray*  and  mitia  Aii  tattt  ware  performed 
•n  matr-umantad  replica  target  tenita  varying  m volume  from  16 
to  90  gaiioni  Principal  teat  vanabiaa  war#  fuel  temparatu/a 
praeeure  fuel  depth,  a^tamei  void  apace,  and  internal  and 
aatarnai  air  Row  An  taete  ware  conducted  utihtmg  0 60-caiibar 
armor  piercing  incenditry  piojactiiat  Theta  tatta  indicate  a 
contidarabla  aitantion  m th#  fiamrnabriity  range  of  al*  fua'a 
compared  to  ih§  equilibrium  flammability  hmii  valuta  which  are 
commor^iy  utiiitad  for  fi'i  aaf#ty  ana>ya<a  In  v>ew  of  the  hr#  and 
aipiotion  potential  anhipitad  by  ati  convantionai  lat  fuaii. 
additional  maaiuraa  mutt  ba  ampioyao  to  achieve  an  affective 
ftra-protaction  capabihty  Pregraaa  >n  the  uaa  of  roticulatad 
poiyureihana  foam  haioganatad  hydrocarbon  chemical  a«*iri' 
gmjhamai  and  other  fuai  tarik-nertmg  lachniquat  la  aito 
raviawad  Author 

N72-il6i2ff  inatitut  Francaia  du  Patroia  Pam  (Frmca) 
INFLUENCE  OF  MOLECULAR  RtRUCTuRE  ON  SELF 
IGNITION  PROPERTIES  OF  HYDROCARSONS  (INFLU- 
ENCE DE  LA  STRUCTURE  MOLECUthv  SUR  CER 
TAINES  PROPRIETES  0 AUTO-INFLAMM  ATiON  OES 
HYDROCAR^URESI 

G DaSoata  >n  agarD  Aircraft  Fuala.  Lubneanta.  and  Fir# 
Safety  Agg  1971  12  p raft  in  FRENCH.  ENGLISH 

aummaiy  (Sa#  N72-1  1666  02-27) 

Avail  NTIS  HCS6  00  MFS0  96 

The  adiabatic  compraaaioh  method  wee  utad  to  daiermirte 
daiayf  m aeif  ignition  by  Oiffaran  hydrocerbon-eir  mik*uret  la  e 
function  of  prtaaure  end  tempareture  A comparieon  of 
aaparimantei  retuite  makaa  it  poeaibia  to  evaluate  the  affect  oi 
tome  apaciBi  molecular  etruciure  characteneiica  on  the  overall 
activation  energy  In  particular,  the  praaanca  of  tamery  carbon 
atome  and  doubia  carbon-carbon  bonde  reeuUa  m a dacreaaa  m 
thii  ectwation  energy  Teata  made  with  miaturee  of  two  dilftreni 
hydrocarbon!  ahow  that  me  kmetic  perameiera  controlling  the 
dependency  of  ignition  delay  on  temperature  vary  m tuch  a way 
that  the  de'ay  a miatur#  teneje  to  jporoach  that  of  the  pur# 
component  having  the  thorteat  delay  at  the  temperature 
coheidfred  Thi#  phenomenon  wea  found  to  be  an  the  greater  ea 
the  relative  concentration  of  thie  corrponeni  in  the  binary 
miature  i#  nighfr  Author 


N72-11663e  Princeton  uniy  Nj  Guggenheim  Lab 
IGNITION  OF  FUELS  BY  A MOT  PROJECTILE 
0 P Sharma  and  W A Sirignano  in  AQARO  Aircraft  Fue'a. 
Lvb'icanta  end  Fire  Safety  Aug  1971  16  p refa  iSae 

N72  1 1666  02-27) 

Avail  NTIS  HCS6  00  .fF|0  9S 

Theoretical  mvaatigationa  war#  performed  by  eppronmating 
(1|  the  flow  at  the  forward  end  of  tne  projectile  to  e etagnetion 
flow  tov^erda  e hot  anavnmetric  body.  (2)  the  flow  over  iti 
turfece  10  e lemmar  flow  over  e hot  plate  and  O)  the  flow  m 
me  wake  of  t.ne  proiactiie  to  e plane  larnmar  mixing  of  the  cold 
unreactad  mixture  with  the  hot  compuatron  product!  After  the 
premixed  mixture  it  exheuated  th#ra  la  a poaaibihiy  of  ignition  of 
unmixed  reacianta  by  th#  hot  irtert  product!  whicn  e^e  leh 
behind  and  era  aendwimed  between  the  oxiduer  and  the  fuel  A 
thaorebcai  aneiyait  lor  the  ignition  delay  time  ee  a function  of 
the  temperature  md  tn#  width  of  the  hot  gaa  region  it  aixo 
preaenied  Aumor 


27  PROPELLANTS 


N73'11(M*  C«ntr«  Nilionii  d«  It  Rtchticrit  Scitmiliqgt 
^tti#  Ifitnct) 

INHUINCI  OF  PROMOTiRS  (FREE  RAOICALtI  AND 
INMIllTORt  ON  DIFFUtlON  FLAME!  (INFLUENCE  OES 
FROMOTEURE  (RAOICAUX  LIRRES)  ET  OEE  INHIBITEURS 
SUR  LER  FLAMMER  DE  OlFFURlONj 

J Combountu.  C ftlinowtt.  and  C Otnn  In  AGARO  AkC'iH 
Fufcit  Lubnctnu  tnd  Firt  Stftty  Aug  1971  lip  'tN  In 
FRENCH,  ENGLISH  tummtry  IStt  N72-1186S  02-27) 

Avail  NTIS  HC  SROO'MF  >0  86 

Tha  laminti  diftutibn  flamaa  ol  tcaiylana  with  molaculai 
oaygan  and  wuh  moiacultr  oiygtn  partly  ditaociaitd  wait 
ttabiliitd  in  a low  pitaaura  vaaati  A partial  diaaociation  ol  02 
into  0 ttomt  wat  producad  by  a powarful  miciQwtvt  diichtrga 
Concantration  prolilai  of  atabia  apaciat  waia  dataimmad  with  a 
micrepruba  and  a mtaa  ipactiomatar  Tamparaiura  prolilta  waia 
obtainad  from  a aiiica  cottad  tharmocoupia  Tha  mtantititi  of 
apaotrai  amiition  waia  'aeordad  for  aneittd  apaciai  with  a 
apactrophotomatar  Tha  complax  atructura  of  thaaa  diffuaion 
flamaa  ahowa  that  tha  combuttion  ol  C2h2  involvaa  aavarti 
atapa  Tha  partial  ditaociation  of  02  tmphtinai  th#  ngnificani 
lola  piayad  by  0 ttomi  m tha  combuttion  cf  C2H2  Tha 
influanca  of  haloganatad  mhioitora  la  vary  diffarent  according  to 
tha  kind  ol  inhibitor  and  whathar  it  li  tddad  to  tha  oaiditar  o' 
tha  fuai  Author 


N72-1TRR6a  Oautacha  Forachunga-  und  Varauchianatait  luar 
Luft-  und  Raumfthrt  Ron  (Waal  Garmanyl  mat  fuar 
Luftitrahlantnaba 

CONTRIBUTION  TO  THE  RE  LECTION  OF  FIRE  EXTINGUISH 
INQ  RVRTEMR  AND  AGENTS  FOR  AIRCRAFT  FIRES 

fl  Fiaia  In  aGaRO  Aircraft  Fuala  Lubrrcanit.  and  Fira  Stfaiy 
Aug  1971  10  p rata  iSea  N721  1668  02-27; 

Avail  NTlS  MCR8  00  MFR0  96 

A lira  aklinggiahing-iyatam  in  aircraft  it  datcnbad  which 
utat  tha  athault  gaaa  of  a aolid  propallani  gat  gtntrttor  to 
praatunta  tha  antinggithai  bottia  Tha  aatinggithmg  afficrancy  ol 
Ihia  hot-boilla-iytlam  it  comparad  with  that  of  tha  currant 
aatinguiahing  ayttam  Tha  amount  of  ogant  which  la  nacataary  to 
aitinguith  a diffuaion  fltma  wai  mataurad  for  a ngmbar  of 
halona.  dry  powdara.  and  mittgraa  of  dry  powdari  and  naiona 
Tha  ability  of  aganta  to  pravant  raignition  of  tha  aatinguiahad 
fuai  turfaca  by  hot  pant  wat  alto  tatiad  Author 


N72-1fR88t  Shall  Ratatf'‘h  Ltd,  Chatta' (England! 
ELECTROSTATIC  CHARGING  IN  THE  HANDLING  OF 
AVIATION  FUELS 

hi  S|rswton  fnn  A Lawit  in  AGARO  Aircraft  Fuala.  Lubricanta 
and  Fira  Salaty  Aug  1971  11  p raft  (Sat  N72-lie68 

02-27) 

Avail  NTiS  HCS8  00  MFR0  95 

ElaCtroatatic  charging  of  tha  fgai  during  fgaling  can  ratult  in 
tha  poaaibility  of  mcandiary  aparliino  m aircraft  tanka,  toma  of 
tha  mora  rtcant  anpanmantai  ratuitt  on  tho  diffarant  phttat  of 
thia  procatt  ara  praaantad  Thaaa  rpjuita  confirm  that  m tha 
abaanca  of  apaciai  pracauhona.  diachargat  craating  a tank 
axploaion  hatard  can  anat  during  aircraft  rafuahng  in  cartam 
circumatancaa  Unlaaa  tha  fuai  conductivity  la  controHad.  nowavar. 
thaaa  haiardoua  circumatancaa  cannot  ba  prac-taly  piadictao 
Ina  uaa  cl  a aiahc  dittipator  addmva  alimmataa  tha  haiard 
Mathoda  of  introducing  tha  additiva  and  of  maintaining  tha 
coriact  conductivity  during  fuel  diatribuiion  era  diacuiaad  aa  wall 
at  poaiibla  tide  affaett  end  mtaractiont  with  other  fuai  additivat 
On  t.-ia  baaia  uf  world-wida  airhna  uta  over  man"  yaara 
tupporiad  by  many  laboratory  taatt,  it  n concluded  ihii  tha 
addifiva  providat  a aafa.  aimpia  and  troubla-lraa  aoiution  to  tha 
problam  Author 


N72-118R7#  National  Aviation  Facilitiai  Eapanmantai  Cantar 
Atlantic  City  N J 

CRARM  SAFE  TUFSRINE  FUEL  DEVELOPMENT  Ry  THE 

federal  aviation  administration,  1984  1970 
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R A Ruaaal.  Jr  In  AGARO  Aircraft  Fuala.  Lubricanta.  and  Fira 
Safaty  Aug  1971  10  p rala  (Saa  N72-1 1888  02-271 

Avail  NTIS  HCS8  00  MFS0  96 

Craah'tala  fuai  program,  a aagmant  of  a primary  mittion  to 
improva  tha  ovarall  crathworthmata  of  aircraft  la  ditcuttad  Tha 
raduction  of  tha  probability  and  aavarity  of  fira  during  aircraft 
ground  crath  tituationa  it  alto  anammad  Author 


N72-11BR8a  Southwalt  Ratatrch  mat  San  Antonio.  Tai 
Army  Fuala  and  Lubricanta  Raaaarch  Lab 
EMULSIFIED  FUELS  AND  AIRCRAFT  SAFETY 
W O Waatharfoid,  Jr  and  F W Schaakal  (Army  Coating  and 
Cham  Labi  In  AGARO  Aircraft  Fuala.  Lubricanta.  and  Fua 
Safaty  Aug  1971  12  p rafa  ISaa  N72- 1 1 888  02-271 

(Contracta  0AA006-70  C-0280  OAAJ02-89-C-0030I 
Avail  NTIS  HC  SB  00  -MF  SO  96 

Raaaarch  and  davaiopmant  program  aimed  at  improving  tha 
poat-ertah  fua  aaftty  of  hthcoptai  turbina-angma  fuala  la  reviewed 
Primary  amphaait  waa  piacad  on  h iQh-  kqutoul 

•muition*  iAtBrf«i«t>orM  among  rhaologictl  ind  phyaicai 
propa^taa  compoauion.  and  fira  tafety  charactanaiica  of  vanoua 
fuai  fo'muiationa  are  discutaar^  imoiif‘a::C'.ft  of  thaaa  raiuitt  ori 
tha  total  aafaty  anvtiooa  of  rota'v  wing  aircraft  are  axaminad 

Author 


N72-1168B«  Buraau  of  Mmai.  Pmtbutgh  Pa  M«r.,ng  arid 
Safaty  nataarch  Carttar 

FIRE  HAZARD  EVALUATION  OF  THICKENED  AIRCRAFT 
FUELS 

J M KuChtt.  J N Mu'Ohy  A L Fuino  and  A Barlkowiak  In 
AGARO  Aircraft  Fuala.  Lubiieanta.  and  Fira  Safety  Aug  1971 
lip  raft  iSaa  N72-1  1888  02-271 
Avan  NTiS  nC  $6  00.  M?  $0  35 

Vanoua  gaiiad  or  amuitifiad  fuaii  waia  piopoaad  lor 
reducing  iha  aircrali  craeh-fire  hatard  Ratuitt  are  prttahtad 
from  Lanch-tcala  taata  for  acraanmg  the  luaia  and  Irpm  larga-acaia 
drop  taatt  for  evaluating  inen  flit  naiard  under  timuiaiad  crath 
conditiona  Jet  A and  Jat  6 type  thickanad  fuala  ware  invaitigatad 
Than  minimum  auloignmon  temparaturae  and  burning  rataa 
vai.ad  httla.  whereat  their  Hath  poip.ti.  volatility  rataa.  taM-apread 
rataa.  and  llamt  ipriaa  ratal  vanad  noticeably  with  aitha'  the 
baaa  fuel  or  thcaanmg  agent  comcoHtion  minimum  igmtion 
anargiaa  are  aiao  compared  for  iiQuid  eprayi  Tha  parformanca  of 
the  thickanad  fut'a  particularly  Jat  8 amulaioni.  waa  not  very 
bipmiaing  under  impacl  conditioni  In  lual  drop!  made  from  a 
180-ft  ihiaa-towar  facility,  the  luabai)  aiea  and  radiation  intanaity 
varied  with  impact  velocity  impact  angle,  ana  type  ol  fuel 
containai  AulLor 


N72-118B0*  Royal  Aircraft  Eatiblnhmani  Fambprough 
(England)  Engmeafing  Phynce  Ofpt 

FIRE  AND  EXPLOSION  PROTECTION  OF  "-l  -va|uu 
L'LIAOE 

J A.  MacDonald  and  H W G Wyeth  In  AGARO  Aircraft 
Fuala  Lubrreante,  and  Fira  Salaty  Aug  1971  7 0 r.i,  ISaa 

N72  11888  02  27| 

Avail  NTIS  HC$6  00  MFS0  96 

Tha  cohditipr'a  that  can  lead  lo  an  anplotion  withm  aircraft 
fuel  tank  uli'gtt  art  aiaminad  and  tna  .laad  for  protection 
ayaiama  la  rav.awad  Pnnciplaa  employed  m providing  the  daauad 
degree  of  proiaciion  era  outlined  tucn  aa  oiygan  reduction 
vapor  or  m.et  inartmg  and  c'atirc  loam  liiiafa  Companaona  ware 
made  batwaan  tha  vanoua  aytama  and  (hair  raiaiiva  manta  wa'a 
aifu  ?-acuaaad  it  la  concluded  that  piaatir-  loam  a an  effactiva 
ayatam  provided  that  the  maianal  n coripanbia  wnn  tna 
environment  Liquid  nit-ogan  la  aiao  aitractiva  Irom  the  weight 
aapact  but  couid  impoia  logiatic  probiama  Author 


N72-118B1a  Oautacha  Corachunga-  und  Van-jctiaanatan  fuar 
Luft  und  Raumiahn  Pon  iwaai  Garmanvi  intt  fuar 
LuPiirahiantriaha 
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INVEtTIOATION  OF  FIRE  EXTINQUISHINO  POWOEM  BY 
MEANS  OF  A NEW  MEAtURINO  PROCEDURE 
R Full  and  Q Wint«r<«ld  In  AQARO  AifCrtR  Futll.  Lub'ictnit 
and  Fira  Salary  Aug  1B71  12  o 'afa  (Saa  N72-1ieB8 

02-271 

Avail  NTlS  HCSeOO/MFSOSe 

In  ordar  to  opumiaa  lira  aaimguiahing  ayatama  it  la 
nacaaaary  to  cornpara  ir<a  aa.inguiihmg  aPiciancy  ol  aolid  and 
gaaaoua  (or  liquid)  aaimguiahing  agania  A maaaurmg  procadura 
la  daaoribad  which  ailowa  ihia  diraci  companaon  ii  makaa  uaa  ol 
tha  ralationahip  baiwaan  iha  maaimum  flow  vaiocity  at  tha 
purning  limit  ol  a llama-holdar  atatiiliiad  Kama  ana  tha  laminar 
burning  vatc'city  ol  tha  lual-air-miitura  which  i|  givan  oy 
OAWF.O^'  lira'  numbar  Comparativa  raaulta  achiavad  with 
thia  procadura  lor  aavarai  lira  aatingunning  aganta  ara  givan 

Author 


N72-11SB2a  Royal  Aircraft  Eatabliahmant.  Famborough 
(England)  Matarrali  Oapt 

SIMULATED  CRASH  TESTS  AS  A MEANS  OF  RATING 
AIRCRAFT  SAFETY  FUELS 

R E Millar  and  S P WiHord  in  ACARO  Aircralt  Fuala 
Lubncanta.  and  Fira  Salaty  Aug  1971  '3  P rala  I Saa 

N72-nsea  02-27i 
Avail  NTiS  HCS6  00  MFE0  9S 

Two  taati  ara  daacnbad  lor  aaiaiamg  tha  lira  raaiatanca  ol 
Avtur  containing  i-olymanc  addiiivaa  which  raduca  ita  ability  to 
form  llammabla  rruata  In  tha  aiandard  taat  a tank  containing  tan 
or  twanty  gallona  ol  luai  la  propallad  on  a rockat  alad  at  apaada 
of  114  or  18B  It  aac  and  dacalaralad  altar  contact  with  an 
aircraft  arraatar  wira  Fuai  la  allowed  to  apiii  Item  a aiit  m tha 
tank  onto  a aanaa  of  ignition  aourcaa  in  tna  run  on  taat  tha  tank 
travala  at  apaada  up  to  240  it  acc  paat  a aanaa  of  ignition 
aou.’caa  v.hilB  ap.llmg  f-.al  from  a aiit  or.  the  (aadi.ig  adga  Tha 
valocitiaa  ol  apiiiad  fuai  raiativa  to  tha  aurrojndmg  an  which 
occur  in  thaaa  taata  ara  ahown  to  ba  comparaOla  to  thoaa 
occurring  during  aurvivabla  ai'Crall  crethac  Author 


N72-11SS3a  Appliad  Phyaica  Lab  Johna  Hopkina  Univ  Silvai 
Spring.  Md 

SURFACE  ACTIVE  CONSIDERATIONS  IN  FUEL  FIRES 

Richard  I Tuva  in  AOARO  Aircraft  Fuala  LubriCanta  and  Fira 
Safety  Aug  1971  4p  rala  (Saa  N72- 1 1668  02-271 
-i.vtii  NTIS  mr  $6  00/ MF  10  95 

The  probla  n ol  aflicant  aetinguiahmant  ol  hraa  in  burning 
ful  la  .a  dn:'t  with  Tna  uaa  of  low  danany  watar  m tha  form  ol 
foam  la  conaidarad  aa  a maana  of  achiavmg  aoma  aoiudona  to 
tha  mechanical  and  phyaical  naade  myolvad  Emphaaia  la  placad 
or  the  utilixalicr  cl  lluc.'ccarbor  aurlactanti  -which  combi.ra 
loam  raguiramanta  and  fuai-watar  mta'laciai  acuvitiaa  banafitung 
lira  aitmguiahing  action  Racani  davaiopmani  and  taat  ol  thaaa 
matanaia  ara  diacuaaad  0 L G 


N72-11S94*a  Gana'ai  Elactric  Co  Cincinnati.  Ohio  Matanai 
ana  Procaaa  Tacnnology  Labe 

lubricant  and  fuel  INTERACTIONS  IN  ADVANCED 
AIRCRAFT  OAS  TURBINES 

E N Bambargar  D B Haata'  and  M W Shayaaon  In  AGARO 
Aircraft  Fuala  Lubncanta  and  Fira  Salaty  Aug  1971  12  p 

'afa  Sponaorad  m part  by  NASA  AFAPL  and  FAA  (Saa 
N72-1 1669  02-271 

iNASA-CR-12?842l  Avail  NTlS  CSCL  IIM 

Tha  intaraciiona  and  raiationahipi  baiwaan  lubncania  and 
fuala  and  thair  piopartiaa  aa  related  to  ayatama  m aircrah  gat 
turbine  anginaa  era  dealt  with  Three  araaa  of  recant  raaaarcn  era 
cited  to  I'luatrata  the  impact  of  lubricant  and  luaia  capabiiitiaa  on 

l1)  | ftijijy  0^  Of  •’jf'lC®”* 

Orop«ni«t  O''  turbiOf  tngin*  dpugn  cha.*it.'«rittici 
with  rpggrd  10  high  ipotd  cupfrionic  •ppliCffioni.  (2)  lh« 
dOv«lopm«ni  of  t «no  me»ningfu>  procedu'*  fO' 

mvttu'ing  (hf  thtrmgl  flobiiitY  of  ht'OtO'^e  f'jolf  end  l3i 
•vaiuition  of  advancad  high  tamperftu'a  lubncatmg  fiu'di  and 
ihpir  affacia  on  angina  baanng  parfo'manca  Author 
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N72.11696*  Cmc  OavaloprT^ant  Co  Ltd  Abmgdon  (.England) 
f^aaaarch  Cantra 

stasility  or  synthetic  aviation  0A8  turbinc 

LUBRICANTS  AT  hlQM  TeMPIRATURCS 
R Robion  /A  AGARO  Aircraft  Fuala.  Lubncanta.  and  Fna 
Safatv  Aug  1971  Bp  r«ft  (Saa  N72-1 16QB  02-37) 

Avail  NTIS  HCSSCX)  MF  S0  9& 

Tha  oevaioprr^ant  of  aaiar  batad  aynth«tic  aviation  lubricant# 
ovar  tha  laat  20  raviawad  Mathodi  of  aaiatamg  tha 

high  tarr'Deratjra  atability  of  th#  lubncanta  #ra  datcribfd  and  tha 
main  factors  controlling  ttabiiity  ara  ditcuasad  Tna  tuitabiiity  of 
aitamativa  tynthatic  fiuida  it  conaidarad  Author 


N72-1169B*  inatitut  Francan  do  Petroia.  Granobia  <Francal 
SYNTHESIS  AND  PROPERTIES  OF  ESTERS  OF  TETRA 
METHYL2.27.7  OCTANE  OIOL1.8  [LE8  ESTERS  OU 
TETRA  METHVL-2.2  7.7  OCTANE  OlOL  I.8  SYNTHESE  ET 
PROPRIETESI 

P Badagut.  6 Siihon.  and  G DaGaudan^aria  in  AGARO 
Aircraft  Fuala.  Lubriwanti.  and  Fir#  Safaty  Aug  l97l  6 p 
rafa  In  french  (Saa  N72-1 1066  02-27) 

Avai<  NTIS  HCS6  00  I^F  S0  9& 

A diol  of  tha  naopantyiic  typo  wat  obtamad  hy  a aariat  of 
•impia  raoction^  proctading  from  cyono-4  dimathyl-2.2 
butyrgidahyda  Eatrra  of  imaar  acida  and  aip.-a  alpha  pnmo 
dimathyiatod  acida  vara  aynthaaixad  Thair  phyticai  characteriaiict 
wora  datarminad  harmai  atabihly  and  raaiaianca  to  hydrolytit 
and  Oxidation  in  th. . pratanca  of  rnataia  wara  axaminad 

TrantI  by  K P D 


N72-11B97a  Roila-Rovca.  Ltd  Bnatol  (England)  Engma  Oiv 
lubricant  experience  and  duties  in  a civil 
SUPERSONIC  OAS  TURBINE  ENGINE 
I W OOharty  /n  AGARD  AircrfH  FufU.  Lubricants,  and  Fift 
Safaty  Aug  1971  12  p raf  (Saa  N72>1  1668  02-27) 

Avail  NTlS  HCS6  00  MFS0  96 

A daacript  pn  It  prtaantad  of  tha  Oiympua  693  Mk  602  oil 
ayato'h  ganaraiiy.  and  panicuiar  rafaranct  n givan  to  ih#  daugn 
pracautions  agamai  tha  oil  f>ra  risk,  tha  uaa  of  oii  m angma 
failura  yearning  dtvicaa.  and  m angma  haalth  monitoring  Currant 
angina  last  and  flight  aiparianca  with  tha  lubricant  <a  covarad 
aapaciai’y  with  -atpact  to  oil  cor>aumption  high  tamparatura 
braakdown  oraaa  pravantion  of  Oil  carocn  formation.  miRing  of 
lubncanta  brands,  arosion  corrosion  affects,  and  policy  m 
approval  procaaiaa  of  lubr.canta  Author 


N72'1169B«  Diuticha  Forachunga-  una  Vaisuchaanatalt  fuar 
Luft  und  Raunnfahrt.  Munich  (West  Go'rnany)  Inal  fu#r 
FiugtraiO-  und  Schmiaratora 

EARLY  BTAOE  DETECTION  OF  OIL  CHANQES  IN 
aircraft  ENGINES 

E Jantian  In  AGARD  Aircraft  Fuala.  Lubncantt.  and  Fira 
Safaty  Aug  1971  13p  rafi  (Soa  N72  11666  02-27) 

Avail  NTlS  MCSeOOMFSOdB 

Potantiai  analytical  mathola  for  dataction  of  char>gaa  m 
aircraft  tgrbma  Oil!  m tha  aariy  aiata  art  raportad  and  thair 
poaaibia  advantagaa  and  diaadvanAgaa  aa  vraii  as  mair  mformativa 
vtiua  art  ducuaaad  In  aad.tion  tha  ciusa  of  pramaturad  or 
auddan  oil  changai  m an  airc'ott  angina  la  invaatigatfd  A taat 
rig  fo'  timuiaiing  tuch  oil  changao  and  tha  raaulta  obtamad  ara 
diacuaaad  >n  conclusion,  th#  posaibiiitias  of  a aimgltanaoua  waar 
control  of  aircraft  turbma  -Oilf  ara  briefly  axpiamad  Author 


N72-llB99a  Office  National  d Etudes  at  da  Racharcha* 
Aarpipatiaiaa  Pana  (Franca) 

THERMAL  STABILITY  OF  A TRi  METHYL  PROPANE  ESTER 
BASED  lubricating  OH  (CHAMP  0 APPLICATIONS 
O'UNE  HUILE  BASEE  SUR  UN  ESTER  DU  TRIMETHYLOL- 
PROPANEI 

^ Raynaud  fn  AGARD  Aircraft  Fuala  Lubricants,  and  Fira 
Sa.’aty  Aug  197 1 22  D raft  m FRENCH  ENGLISH 

Summary  iSas  N72  - 1 1 668  02-2  7) 
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Avf.i  NTlS  HCS6  00  MFS0  9S 

following  • g«n«rftl  Oi|Cv««tion  on  th#  incf««i«d  perform - 
•nc«  r«Quir«m«nt»  of  tubnctting  oilt  mtdt  m«ndatorv  by 
mcrtaitd  oparating  tamp«f«turt».  th«  oparttionai  poMibiiitioi  of 
• tM-rntthyl-proocnf  eitar  m two  Oorriami  of  application  a^a 
dMcriDcd  Tha  firti  arat  of  application  considarad  wai  a 
coovantionai  CKCuit  with  oii  tanparature  around  230  C By 
addihg  appropnata  aoditivaa.  a for^^vJla  wat  davaiopad  w>th  vary 
satitfactO'Y  charactarittica.  particularly  m regard  to  oxidation 
corroaion  Tha  aacond  area  of  uaaga  aiudiao  wai  at  the  3B0  C 
■aval  Tha  formula  appaarad  not  to  ba  wan  adaptad  to  tha  new 
conditiorta.  with  )oma  additions  loamg  their  atficifhcy  Howavar 
the  attar  rai-namad  valid  ai  a Oaaa  0 L 0 


N72-11700X  Air  Forca  Svatemi  Command.  Wright  Patlarion 
AFB.  Ohio  Aaro  Propuliton  Lab 

SOLID  LUBRtCATlON  i-OR  AERO  PROPULSION  SYSTEfViS 

M R Chatman  /n  AGARO  Aircraft  Fuaia.  Lubncanta.  and  Fira 
Safety  Aug  1971  13  p reft  iSae  N72  1 1 '366  02-27) 

Avail  NTiS  HCSeOO  MFS0  9S 

Saif  corMainad  aoiid  iubr«catad  oaannga  wa't  davoiopad  fo.* 
application  to  Current  end  future  aircraft  propulsion  end  power 
ganeratiQP  equipment  The  capability  for  long  life  oparation  ove* 
a wida  renga  of  temperatures  m an  ai'  anvironmen'  waa 
damonitraiad  The  approach  waa  t(  uta  soiio  kb^cants  ss  a 
SicrifiCitl  retainer  rnatfriai  in  20  mm  and  3S  mm  bore  bearmga 
In  soma  caaas  atamiass  ataai  and  titanium  shrouds  ware  gsao  to 
provide  added  ttrength  to  the  solid  lubncant  ratainart  Lubricants 
v<ere  saiactad  baaed  on  thaw  atrangth.  oxidation  friction  and 
wear  piopartiai  it  was  nacasiary  to  davista  from  on  and  grease 
lubricated  bearing  design  to  achieve  acceptable  iifa  Bearing 
daaranca.  number  of  baiia.  ratainar  to  land  ciaarsnca  and  oaii 
pscket  Size  we^e  optimised  Hundreds  and  m soma  cates 
thousands  of  hours  of  life  ware  damonstrstsd  Author 


N72-11701«  BP  Benun  und  Petroleum  AG  Munich  'Waat 

Qermeny) 

synthetic  lubricants  FOR  SUPERSONIC  AiRCRAfT 

M-O  Corn  In  AGARC  Aircraft  Fuels  Lubncsnta  and  ^I'e 
Safety  Aug  1P7l  6 p ISae  N72-1  1666  02-27) 

Avail  NTIS  NCS6  00  MFS0  95 

Ciaasificitioni  ar^d  charactanstica  of  synthetic  aero  tgrbme 
Oils  are  ravifwad  Thaie  oiia  are  ciaiaif'td  as  type  i and  type  2 
lubricants  The  typa  ' lubricants  sre  def-nao  as  blends  of  • 
diaster  baseaiock  and  an  additive  package  Although  stiii  bemg 
uaad  in  Jit  angmaa.  thair  use  m advanced  turbines  is  considered 
to  be  limited  ty  marginal  resiitanca  to  thermal  and  oxidative 
strati  Type  2 iubncanta.  dcveiopad  to  meat  the  ir.c'sased 
reQui'emanta  of  more  tophiatictted  aircraft  era  defined  as 
biandt  of  a hir^darad  tri-  Or  tatraattar  baseatock  and  an  additive 
packegt  The  burden  piacad  on  fhaae  lubricants  by  susta'ntd 
flight  St  auparaonic  speeds  is  ditcussed.  and  the  development  of 
an  advance  complex  attar  lubricant  with  a novel  additive 
package  for  Mach  2 ^ engines  is  reported  0 I G 

N72-27811X  Notional  Research  Council  of  Canada,  Ottawa 
lOntano)  Fuels  and  Lubricants  Lab 

TECHNICAL  EVALUATION  REPORT  ON  PROPULSION  AND 
ENERGETICS  PANEL  37TH  MEETING  ON  AIRCRAFT 
FUELS.  LUBRICANTS  ANU  FIRE  SAFETY 

R 6 Whyie  and  L Gardner  Paris  AGARO  May  1972  9 p 

refs 

lAGARO  AR  44)  Avail  NTlS  HC  $3  00 

The  discussions  which  look  place  at  a rrieetmg  on  aircraft 
fuels,  lubricants  and  lire  safely  are  presented  The  subjects 
jtscusred  are  Ml  fuels  production  analysis  and  lestirig  i2'  fuel 
handhnQ  (3)  lubncants  and  (4)  fire  safety  research  i|  was 
uuiit.luu6d  Dial  frorr.  an  operot.or.al  aspect  the  f«ds  ar.d 
lubncanit  used  for  aircraft  engines  are  satisfactory  up  to  at  least 
Mach  2 2 It  was  recommended  mat  additional  developments  be 
undertaken  to  provide  reluelifig  systems  capable  of  dealing  with 
larger  volumes  of  fuel  at  higher  rates  of  flow  than  exist  in 
pre:ent  equipment  Author 
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Includtet  sir  brvathing  slectr'c.  liquid,  wltd  sod  mtgnslo- 
hydrodynamic  propulsion  For  nuclear  propuUiC''  see  22 
Nuclear  Engineering  For  bas;c  research  see  23  Physics 
General,  and  33  Thermodynamics  and  Combustion  For 
applications  see  3 1 Space  Vehicles  For  related  information 
see  also  27  Propellants 


N71-17372e  Adviso'»  G'oup  fo'  Aerospace  Research  and 
Oeveiopmeoi  Par»s  iFiarcei 

HIGH  TEMPERATUR:  TURBINES 

Jan  197 1 ?.87  p re's  Presented  at  the  36ih  Meeting  ol  the 

AG-^RO  Propulsion  and  Energetics  Panel  Florence.  2 1 25  Sep 

1970 

(AGARO  CP-73  7 11  Avail  NTiS  HCS6  0C  MFS09S 

Cooling  techniques  for  turbine  blades  of  high  temperature 
aeronautical  gas  turbme  e^glr^es  Advanced  coohng  methods  and 
the  apDhcatior.  of  improved  heat  resistant  materials  are  discussed 
For  individual  titles,  see  N 7 1 1 7373  through  N?  1 1 7404 

N71-17373*  Socete  Nationaie  d Elude  et  de  Construction  de 
Moteurs  d Aviation,  Viharoche  '.Francei 

HIGH  ENTRY  TEMPERATURE  TURBINE  ON 
TURBOREACTCRS  AND  GAS  TURBINES  lOES  HAUTES 
TEMPERATURES DEVANT TURBINE SUR 
TURBOREACTEURS  et  turbines  a GAZl 
P Alesi  I'n  AGARO  High  Temp  Turbines  Jan  1971  14  p 

In  FRENCH  (See  N7  1 ■ 1 7372  07  28) 

Avail  NTIS  HCS6  00,  MFS095 

High  entry  tempefaiures  for  gas  turoine  engines  decrease 
specific  wear  and  always  augrnc'it  leduced  pressures  so  that  gas 
turbines  can  compete  with  Diesel  engines  in  operational 
performance  Studies  on  turborompressor s with  increased  miei 
temperatures  showed  that  specific  power  m simple  and  i ubie 
fluxes  of  moderate  expansion  ncreas  d and  that  all  compressor 
double  flux  expansion  rates  were  augimL-nted  threefold  increased 
lemperatures  at  lurpine  inlets  augment  compression  and  i.Tip'Ove 
the  efficiency  of  corrpression  diluting  elements  Transl  by  G G 


N71-17374*  N ational  Gas  Turbme  Estjbhshn^ent  Pycstock 
(Eng, and) 

HEAT  TRANSFER  CALCULATIONS  FOR  TURBINE  BLADE 
DESIGN 

J Dunham  and  J P Edwards  In  AGARO  High  Temp  Turbines 
Jan  1971  18  p refs  iSee  N7  M 7372  07  28i 
Avail  NTiS  HC$6  00’ Mf  SO  95 

The  operating  temperature  of  a cooled  turbme  blade  depends 
on  the  heal  transfer  rate  from  the  hot  gas  sirearr  the  heat 
conduction  within  the  metal  and  the  heat  convection  to  the  cooimg 
aif  Discussed  are  rnethods  of  calculating  these  factors  and  the»f 
application  to  blade  design  The  effect  of  cooling  on  turbme 
performance  is  also  consideieC  Autbo.' 

N71  17376*  Socete  Nationa'e  dfiuJc  ct  de  Coristrucion 
Moteurs  d Aviation  V'llarof.riR  :F(ar»ce' 

TEMPERATURE  DETERMINATIONS  IN  THE  BLADbE  Of 
CONVECTION  COOLED  TURBINES  iOETERMINATION 
DES  TEMPERATURES  DANS  LES  AUBES  DES  TURBINES 
REF ROI DIES  PAR  CONVEC''lON  ] 

Ij  Uhlfon  AGmPl/  Hiyii  Icnnj  137  1 13  p 

refs  In  FRENCH  ( See  N 7 1 173  72  07  28' 

Avail  NTIS  HCS6  00  MFSC95 

A mathematical  n'ethod  is  presented  for  cair  ulatir>g  'he 
temperature  dislnbuhon  in  a convectnei'r  ccoled  ruftMne  tdade  by 
considering  the  te«Tiperatu'e  coristramts  -mposed  on  biarft*  idc  m 


the  estimation  Comparison  between  experimental  ano  theoretical 
results  ‘'erily  the  vai  dity  of  this  method  for  short  and  mediao 
length  operations  Transl  by  G G 

N71-17376*  Rolls-Royce  Ltd.  Bfsioi  (Engiandi  Bristol  Engine 

Oiv 

OlVMPUS  B93  TURBINE  COOLING 

M J Hollai<3  /n  AGARD  High  Temp  Turbines  Jan  1971  2 1 p 
refs  (See  N71  1 7372  (^7-28) 

*^vail  NTIS  HCS6  00/ MF  sD  95 

Tuibtne  cooling  eflectiver^ess  .-nd  efficiency  are  defined 
for  subsequent  use  m descriptions  of  coolmg  performance  The 
factors  affecting  the  choice  of  coolmg  design  pomt  and  sources 
ol  coohng  air  arc  discussed  particular  the  use  of  Sih  siage  il  ® 
tompressoi  air  m place  of  compressoi  delivery  air  is  shown  to 
result  in  lover  rotoi  blade  temperatures  for  the  h p turbme  The 

ihtlc'i'ig  envuonmcnts  a-i-J  'cqu-rernents  for  tu'bine  stator  afui  lOlOf 
ijiades  d'e  ;og  Mher  wiin  the  in.po'ianco  of  combustion 

rtianiber  r’allei  gas  ten.  ^ture  profOes  Tr>c  tjrbino  rotor  and 
-'laro'  t>!ii;J»*s  arc  ."oi-vccto*-  'ooiuri  dn<)  are  fani-,  cr  •'iven!iof.al 
• vo'uhon  of  tr\e  Ij-d  U coylc'ij  dusi:;rs  oesc.  .’vCd  foyeli'C-' 

With  summaries  of  t>ien  COOli.uj  peiformance  Author 

N71-17377*  Sussex  Univ  . Brighton  ‘England)  School  of  Applied 
Sciences 

HEAT  TRANSFER  INSTRUMENTATION 

A 6 Turner  In  ACARD  High  Temp  Turbmes  Jan  197  1 18  p 

-ols  (See  N71  17372  07-28) 

Avail  NTIS  HCS6  00  MF  SO  95 

A brief  <cvie«Y  of  heat  t'ansfer  instrumentation  with  particular 
dite'ition  to  the  requirements  of  tne  gas  luibme  engineer  is 
'iresenied  The  work  is  focused  pnir.ariiy  ©r^  heat  liuxmeters. 
icvcnt  developm.eni^  m method'  of  tCniperaiure  meas'iferneni  and 
thermocouple  installation  errors  In  this  'atter  section  a numerical 
procedure  for  the  problem  of  sensors  em.beOded  in  csulation  channels 
•s  presented  together  with  some  correlations  and  predictions  for 
lyprcai  examples  m solid  and  porous  surfaces  Author 

N7,-17378«  OM.ee  Naiionji  d Etudes  et  dc  Fteche.uhes 
Aerospaiidies  Pans  •Francei 

HEAT  FLUX  MEASUREMENTS  ON  FIXED  TURBINE 
8LACE5  IMESURES  DE  FLUX  DE  CHAlEUR  SUR  AUBES 
FIXES  OE  TURBINESI 

JdCques  Mictiaid  aGaRD  Hiq't  •etrip  Tutumes  Jar.  197  1 
9 p .els  I.,  FRENCH  LNGLISH  Gi  ...  m.a' , I See  N7l  1 7372 
07  28. 

Avail  NTIS  MC56  0J  MFS0  95 

t «pe.i-...i.iiat  levjlis  ublamed  or.  a vet  vi..  incl.jd.r.y  a 

.n.Klr.alelv  I'.gti  'emi.p.aiute  combust. on  cba.obe.  -’.300  Ki  and 
two  stages  ol  blades  a-'c  p.'esc.nied  Toe  lifst  stage  .s  used 

as  a d.'.lf.bi.io"  the  citie.  o..t  turning  the  flow  parallel  to  Its 
upstream  .l.rcclion  at  the  outlet  Heal  i.ansler  and  lo;al  uvrna-ige 
coeffrcrcnts  obiarired  wrtti  an  upsifea'ri  Tvlarh  r.um.t)i';  ol  0 2 anti 
a fleyrtnirls  ....rttne-  rrl  25  000  per  cm  a'u  a'raivted  Autbo: 

N71-17379«  Oe-I  5Cho  Fnrsct'Mnrr  ■»f'Sta!l  fup' 

Luft  uod  Raunifahn  Brunv  .‘.irk  '.Vest  Ci.'-  ii.iiv,  Ir.^:  ‘ne: 

Ulllt^^l:'Jen•ie  Ar*»»ipf)e 

TEMPERATURE  MEASUREMENTS  WITH  THERMOCOUPLES 
INCLUDING  ERRORS  CAUSED  BY  CATALYTIC  EFFECTS 
P SlOttm^n.i  AGARD  Hisji,  l-.i-.n  T ,,f  t;i.-iTv,  1971  1 0 i? 

refs  'See  N7l  1 7372  07  28i 
Avail  NTiSuCSeoO  MFS0  95 

Scve*ai  r»-eU'ods  lo.-  the  tei'r.pp'ai'i'f  mj-a-. -iw.-Mt 

Iherrriocouoles  C-  «roct'Ons  fur  curnpeiiddtion  uf  ht,. 

!0  flow  vel-  a--|iot'0.-i  and  ‘ ea’  o-c  ICv  •••. 

rase  of  r aljJ*'  thorirn.ro'jrlrv-  f-.*-  (••rofs  tv,- 

caidly!''-  cUccls  ar»-  s’Ti.-|'*-d  F ''‘s'.ilts  a c {;-':-r‘r'.:i;.  I 

s’Kj-.v  tr»r  i*vit;itioi'  !>f  o ‘ iri  ai-  n ix?  I'o 
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layer  of  the  probe  initiated  oy  the  caialyi'C  mfluet'cc  of  the 
platinum  sudece  The  reproducible  catalytic  effects,  which  inii,aie  o* 
force  reactions  m a gaseous  lue'-air  mmtufe  a>e  dependent  on  the 
6»ternal  flow  condMions  gas  temperature-  gas  velocity  fuel  air  rafo 
and  the  distribution  and  evaporation  of  the  fuel  Coaimg  the  noble 
metal  surfaces  wiin  Ai203  avoids  the  cataiyi'C  ef'ects  Author 


N71-17380«  Von  Kai  »'an  h'sl  for  Fluid  Oynaimcs  Rhoae 
Samt  Genese  '.Belgium' 

design  of  small  dimension  ti'Rbine  blade  bv 

THEORETICAL  ANALYSIS  IDESSIN  D UNE  AUBE  OE 
TURBINE  DE  PETITE  DIMENSION  AU  MOYEN  OE 
PROCEDURES  THEORIQUESI 

C LO'.:1el  !■'  AGARD  li^jn  7‘vna  T■  ■nl''C^  Ja'i  197>  28  B 

lel-.  In  FRENCH  ENGLISH  s.i'n-a-y  'Slt  n;  I 173V20728' 

Avd'i  NiiS  HCS6  00  V.FSOSS 

The  mciho'.i  ot  b'jd*.*  tJuu-'Kla-",  e opU'iu^  ition  «iue  to 
Le  FoM  is  used  ‘c  tr\p  raic.iatcn  gf  a srua'i  t.irbir.e  hlaoe 

mcomp'essit)ii:  HOv.  .mVi  Go'dstom  s method  for  t-no  rrsOmtion  pf 

the  ir^vcisc  poleotij-  'iO',v  problem  A biade  v.ith  a cj>ped  railmg 
edge  bus  boen  la:  - I'dte:!  lo'  the  follrwmg  flow  cor-diliO'-.s  ir^tet 
jr.gie  32  d-sg  outlet  o'lgie  S'i  8 cloo  a-  rl  Re , r..imbei  ba>e<*. 

Of-  ti't'  chpr'l  aiivl  vr.'();.ii , Tin;  . .iile  gi.e  . u t!%L'Oret«cai  iosv 

< celfi>:'‘.‘'-t  hiM'd  on  ttii'  d',njn.ic  ojjlet  proi'.'j-’v.  o*  f'le 

catcuiattni  losses  .j-e  lo  gocrj  ug«oen.eri:  •.•..t}i  im?  e Kpef>menld' 
'»?su't*i  l.ik'nLj  intv'  a'r.ou'.:  t'-.r  ‘act  itiat  a two  dMt»ei>s'vi*ui  flow 
could  not  bo  Obtameo  :t  i.ii'g  t‘.o  tests  Aumor 


N7  1 - T 738T  B ' Ji-iled  huci jM  gi  stu  Long  Clv;cd«v 

AN  EXPEfttNiENTAL  COOtEO  RADIAL  TURBINE 

OVapuu  ji-n  C.  S 'Ca-.w*  '.  =^  Jtl  ar.;'.  .V-it.-ru,  Auc  ,t':  'Acs* 

Palm  6each  Fla  ■ AGAPO  High  r>M*OiOt's  Jar.  I97l 

12  V 'See  N7  I ' 73??  q7  ?8- 
Ava=i  NTiS  HCS6  00  MFS0  96 

A cooir:.'!  dtjijl  tiidiin'*  sui'aCit  <o  -IrivE*  u‘. 

a 'wiri  spool  oi‘<;:;ie  v.-J^  J«.'M;i:ierf  .ri;j  is  at  .^iCNer.:  •;« 

r'toO'iinemal  •.'■.cliy.-ati'.iii  A , I 'i.  ..l'|•'  :)i'-"i;ri  ...M  lit'O* 

v.e.-r:  230C  r)eg-‘'e-  F ''lid  v- jIt*-  17  i ? a*uuv.{vir'es  

4 9 :l5s  sc-.  ••-.is  , 'Jlc  0 1 '•  'u  :?  u*;  j;  *.--  • 

?20  BTU  'b  d-u;.  a d i lo'dtioujl  s-.x.".-!  of  07  000  r;;i:- 

Ti 'l.s'ic  c y 'i:  ;)i  u.u't -ill-)-,  - dst*r'-;;'  i - .'.ii.ri  . j.")  n;j  a' 
l>a,-Jn-;s  o-o  m -n ■(  n-.n- I 1'-;  ' Icdi..--  . .1  I’i.-  .»n-l 

t-ne  les-.-lls  o'  tn<;.ii,.;i  | .i-*'s-.  .r  .i.-,  't-.  ,:)<•». ax’ 

Aufi  • 

N7V17302.  Moloipn  ■,ilUl  Tn.Gmyn  Ul'n.-  •yluCncHOn  G '■>  t)  M 
'West  Germai'r  > 

EFFUSION  COOLING  OF  TURBINE  BLADES 

H Prechtp-  A Schoenpnc‘‘>  and  N Schob  o-  AG^HD  ^*9'* 
Temp  Tuft».nes  Jan  i971  14  o 'uf^  'SeeN7'-  1737207  23' 
Avail  NTiS  HCSbOO  MFS0  95 

Trieo'ct'cai  .j'uJ  e*oerim»»niai  i-u  estimations  mlo  the 
aerodynamic  -jn-5  tr'ern'Oi)’,  r-df'  -;  no'foni.ancp  of  effi-sipn  cooled 
turbine  blarfes  3'*  presenrec:  Tej  esinrate  fur  aerorfvn.aimc  af'd 

cooling  perform jf I :e  a-'  exte'.yi,-#;  computer  piOyianim»;  rias  bee>» 
worked  out  the  c)ti,sicai  bJC«urour.')  of  whief'  <s  described  m this 
•epo-t  Few  ava»idl>ie  e*i)er*n.of>tai  test  results  a-’u  drjvM  on  lo 
l)3ck  up  the  tr-eor«Mical  rirocedu- e Son.e  pa.amet.i:.  studies  a-e 
piesenied  showing  (he  chord  a--d  spac.wise  tempnratu'e  rfistubut-or^s 
for  an  effusion  cooled  b'adc  -wth  different  coolant  flow  d-sirit>idion 
Tho  'Aoii--''  <*ffT..-i.vf»nPss  IS  lOvPstKjatecJ  frjr  vanous  paraiTiet-'ic 
changes  ar.-)  compared  wdh  that  of  an  infernally  -cooleo  blade  The 
acrodynamu.  tienavo-j'  'ovoals  a coru.ide'ahie  iru:reasG  m profile 
loss  coefliC'ent  of  a :;orou''  !'.;fl)'  i».'  blai-fe  b_-di  w;it'  an<J  v,ith.ouf 
C"0lan!  effu»iOn  Tf'C  effrrcl  or-  r^ve'a’I  ru-g.ne  perforrv.ar-.cr?  t>y  using 
an  effusion  cooled  » 'gn  p;e>su.'.;  'iiffime  a mode-'v  Mrpo  lel 
engine  is  b'lrdly  discussed  Autr-or 


N71-17383ti  Sussex  Univ  Bnghton  'tngiancl'  School  of  Applied 
Sciences 

TRANSPIRATION  COOLED  TURBINES 

F J Baylcv  and  A 6 Turner  Ir>  AGARO  High  Temp  T\jrbmes 
Jan  1971  16  p refs  iSeeN7l  1 /372  07  28: 

Avail  NTIS  HCS6  00  MFS0  95 

"•"he  steps  Id  trie  deveioprneni  chair-  of  air  cooling  for  gas 
tu'b'nc  roii'ponenjs  and  transpiration  cooling  are  described  Tfie 
ir»»ee  modes  of  heat  transfer  involved  m tranipuation  cocl«ng  »gas 
Side  f-.cal  t/ansfc'  coolant  side  heat  iiansfe.-  and  mtersiiual  heat 
transfer'  are  discussed  separately  Fi.-ially.  coi-MderaiiOn  is  given  to 
the  practical  problems  of  transpiralion  cooling  m advanced  gas 
turbines  Author 


N71  17384b  Ci.rtiss  V,  k}'i:  Con  Wood  Ridge  NJ 
EXPERIENCE  WITH  Tfl  AN  3Pt  R ATI  ON  COOLED  BLADES 

S Lomr.drcto  .u-rt  S L Moskov.  :/  Sucr>ia  m G»;ena  Aerca'  -u 

mGARO  Hi.;i  Ti-nii',  T ■.i.l);r.«'s  Ja.i  i97l  20  p :fcfs  -Ser’ 

; i ?3'2  O'  :B 

Avail  \T.S  7iC'o600  MfSOOd 

The  i)-'f>A.;:sio:i  >•, spuii  .•f{;u.ren.e  •■I > o'  aif»anceci  ai'Craft 
'•cces•'•^r'^■  ic  j.'po'a'ioii  <;l  -..I'jn  'i-_<»ut  ■'■_hiuxo(;iu.il  advances  m 
11*0  nI.i'c  -.if  •»>.■  j i of  mai'.r-  c:)mp-jxents  iC.  tiic’  engme  Tht'se 
,‘o.  ances  ‘'VC".!?  fi  .n-  t'  c-  i.'-r*  n'  ad’.  aP-;-u-d  dc’sig'n  concepts 
c.-t'iod  wii'i  <j.leo  lasr*  'Csu  if)  :p  -,ij) •i.iutiatc  the  puiforrr, an.ee  and 
ln'-*.;-r.  . .X 1;  ..fid  |.il»  Si.  Ut'  e Kjuu-  !f)s!in<) 
Ac'iii.i-.'v.r.cMi  if  tiKj  h.'t-.:  ••  ili'J  !ui'';>''i.-'5.i-r  . . ?•.•‘3lnc’  uiigir-,es 
? l-hr  u-.e  o'  l.-.i:--.;). ration  -1  r CO.'ded  UufunC  bladCs  is 

ni-.sinc-od  R->cfi-,  'c.-ewe  t a"'  ’•'•c  vu  lous  : un^fii.ation  ai’  cooled 
lu  fiiixi  btad-iv  evaiii;*:en  Tnr.  evaiuarion  includes  blade  design 
I V •••  . «-.r  f . r>.»  1. . -1  ^ 1. 1 , . . . f ,,-S  --I  T h f> 

ifs  »Hs  .'.I  oM-i.o:‘.f-i|  XI  .)  fi)  I -ill,.  u ir.'Nt.ng  up  'o  3000  F 

*650  G <Hso  i)  “s*'.»'n<:  Autrip; 

N71  17385  .I  Nu!  . -a’  A.-,r..  a .hr-’.  rh*-|  Spu'e  Aflfnir-jist: ^iion 
t.i-'-w.s  tJ-:soan- . Cln  . I’•.ll  • 1 Oh-u 

TURBINE  COOLING  ITS  LIMITATIONS  AND  ITS  FUTURE 

JJ'k  8 ■■  A(»AHD  Hi’.|f>  T»‘  nj)  T i u Ivnie v Jd"  1971  25  P 

s*i.i  K7:  ; nno7  ?a. 

•‘rAS*’*  1 X667C.'-  Ac,|i'  ^.TlS  CSvLclC 

Tx,;  '-  i-Mt-.  •)(  L.u*.vuclio  I lianspiiaiion  ai  .f  IvjII 

•;-.-».i;.i  ?•-  I l l .)o!-ro  n »‘rir>ds  v.rui'  an.ily!  -..‘il',  in-.'O-' t ujdti.’d  fpi 

.>  .ft  I..  i;  r»-t'»;,*.  ft  >-»  ' f.-o-n  2000  to  3500  F gas  pu>-.^,jfc»s 
'.-i)'i-.  5 tu  40  .iln'.t>-);:'ie'‘;s  rt“it  : -.ipl.n-Lj  n.  tcf^he'di'i'es  fr  .>i*'  600 
1 ’200  f *:ffn'.ts  nf  -.*.0*1  ti-.icVnc-.s  and  ii-.uie-’i-j!  te  -po'a;>m'  vvcrc 

i M>.it-.i.  5;i-  nr-.  »•  .S.H-,  to  pr.-'  i.ii  f);)C  a; iji)  j?  l•.‘"a•  l ihIem 

••  iniM-  ,rn;  . ,in  lUtr  o-;:*;  of  3000  F .u'd  Coftv>r fysO’  ll  L'SSUrC 

• iJ  us  ol  20  ■»  •n}*i»i-  F 1. 1 fi':n  ..o uliuij  r.  uftv;n  vu;n.r;o-  tra 

iiio;  : jiino  i .»ms«*  ('m  laiion  c )t)iems  -.vuh  tiansp''atiOn 
cooled  materials  re-tucc  allpwatitu  rT^etal  opm  iting  tcniperat-j-c.s 
I.-..: 'rid' i.-'g  allf)wat)io  m»;!al  lempf  atuic-  1 UO  F or  -edirung  coolmo 

.!i-  ;c'i.|f‘.*:al  i'c  2tJO  T can  do  rrvoft;  tu  mipicjNc  r- ,1'c'n  coohnq 

fian  Ip  j»o>s-bie  D'v  ntip:ov mont  > m cj-n.-nl  advance.'! 

sM'e  I'.l  !hr?  a-l  c.or.-. evc'.on  cooled  ::lad»;  -p'  vur-.r,-  dcsiri'i  Autl.oi 

N71-17386o  OenoFal  Eicctnc  Co  Cu*i;innati  0<‘-.o 

HIGH  TEMPERATURE  TURBINE  DESIGN 
CONSIDERATIONS 

S N S'-icii-r  AGARD  Higti  Temp  Turbirivs  jj/i  197  1 29  p 

refs  'See  N7i  1 7372  07  28; 

Avail  NJJSHCS6  0C  MFS0  95 

T^le  rr-.ajc:  tc-h.-'ologiral  Oevelop'rierits  ssfucti  f- we  made 
possible  ttie  fend  to,,arrJs  fug.hf.*r  leinpruatu'es  morJe")  ai'c'afl 
ga-^.  tu.'buir-  eng.nes  a.*e  discussed  Tin-  iclati.e  impoflan.c'!  of 
rnar'ij'ai.lu'-no  pro-;t- viOS  rtM«^f  .3!  ;ICvelt)r*rn«.*r'l  s ;o:>li'--:}  t f*-:  •iri“;;ui.is 
€i'‘al-,'lr.';ai  n • i.;r»  pro-jcMhi'r , '.ipxj.  n a'ld  .'.yC"'.  • *c  -cu-'  dc  <'!ip'-.'. 
and  O'*  o >.  i -ih'i:  and  •ur'chaf' -.  ai  dr?>icn  i rr  prove ment-.  ar»‘ 
Oi.stussc'.f  ut'rrriy  witl-  iltubfative  uxO ni;..t,.s  ano  leL.nnica  daia  Tfie 
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nted  fo*  a balanced  desici  approach  is  stressed  and  eiam  es  are 
given  where  trade  oHs  can  be  made  It  «s  noted  that  the  advances 
■n  aircrah  errgtnes  dunng  the  last  10  years  hav>  been  based  on 
the  evoluhon  of  sound  engineering  pnnciplf^s.  extensive  component 
ar>a  engine  d^Tvelopmeni.  and  careful  consecration  of  the  operaitonal 
requirenrenis  rather  thon  a tremendous  breakthrough  or  revoiununarY 
concept  in  any  one  area  Author 

N71-17387/I!  Ttchnische  Hochschule  Aacher.  tWest  Ge.rranyl 
Inst  fuer  Strahlanifi.^be 

EXPERIMENTAL  INVESTIGATION  ON  A SINGLE  STAGE 
AIR  COOLED  GAS  TURBINE 

W Kuehl  In  AGARD  High  Tem^  Turbine'.  Jan  197’  14  p 

tefs  (See  N71  1 7372  07  281 
Avail  NTlSHCS6  00/Mf  S0  95 

Temperature  measurements  made  withm  the  convection 
K cooled  rotor  blade  of  a gas  lurbme  during  operation  cannot 
deirver  corr.plete  mlormation  of  the  temperature  field,  for  tne  number 
of  measuring  points  is  lim.ted  by  technical  considerations  But  by 
using  the  analogy  br'iween  the  heat  flu*  and  the  eiect'ic  current 
within  a three • Oimensiona'  model  it  is  possible  to  deKsrfPine  the 
heat  flow  m a complete  blade,  le  the  full  temperature  held  wuhm 
the  blade  and  also  the  local  gas  side  and  coolant  side  heat  transfer 
coefficients  This  paper  describes  the  vsay  from  temperature 
measurements  at  the  ii*rbmc  rotor  to  the  complete  lemperatwe  field 
//ithin  the  rotor  blade  Autho* 

N7^-173W**  Minnesota  Univ  . Minneapolis  School  of  Mechanical 
Ae'ocr  jce  Enqineenng 

FILM  COOLING  WITH  IhUECTlON  THROUGH  HOLES 
ERG  Eckert  !n  AGARO  High  Temp  Turbines  Jan  1971 
19  p refs  Sponsored  by  NASA  and  the  Navy  ^Sce  N7V17372 
07-?r» 

(NASA-CR’l  16376)  Avail  NTiS  CSCL2l£ 

Film  cooling  with  election  through  a row  or  rows  o(  holes 
IS  under  consideration  for  gas  turbme  blades  Discussed  is  an 
a.ialyticai  approach  to  t:-e  prediction  of  tne  effectiveness  of  this 
cooling  method  developed  in  analogy  to  a method  which  proves 
successful  fn;  cieciion  through  a slot  and  some  experimental  results 
,vh(Ch  are  compared  with  prediction  obtained  by  this  analysis 

Author 


N71- 17389#  Ont'e  National  rte  Rccherchf^i  M etaMij/yigues  Liege 
(Beigiu  TTi 

MEETING  REOUfREMENTS  FOR  HIGH  TEMPERATURE  GAS 
TURBINESA  CHALLENGE  TO  ME  TALLU  RGI  STS 
0 Coutsour 3<Jis  In  AGARD  High  Temp  Turbines  Jan  1971 
17  p refs  (See  N7  1 1 737?  07  28- 
Avail  NTis  HCS600  MFS095 

Meiall'jrgiSb  nvolved  ir>  tri»;  development  of  maiefidls  ';>» 
high  temperatuie  gas  turbine*,  pie  ■':^l3llenr}pd  t>y  prohJem,  of 
increasing  difficuHy  leading  tnerr.  \<,  exp'ore  coniimjally  ncv.  areas 
Sjme  of  the  currer  t apfjfOdcbev  used  fur  the  ■ of 

cobalt  f^d  nickel  b:ise  aiio/s  arc  'eviewed  ar.  J iiiust'atecJ  * )ie  scope 
>3  not  lirniteiJ  to  arr  increase  m s'rer  'ti  but  al' o lO  ir>sur*ng 
structural  stabili'v  f)Ot  corfo->*ori  resistar  e coatarjii  v Processm'^ 
variables  such  as  hot  rJefonn^^t-r^n  of  f.-jm  jll»  cist  ailovs  CCf'|fO('e;j 
and  directional  voiirlif  ica’ion  of  corivei'f'nna'  y.'.e-:!''.  type  a''.,-, 
powder  metallurgy  tech.->ig,2e  > are  r.’va'-iate'l  lumo- 

N71  17390#  Nat  lontjl  Cja-^  Tuftiir-e-  t .'.c'lj  « ,r'.'nent  Pvr  .tr'ck 
(Eng'and) 

FIORE  STRENC  ‘HENED  NICKEL  BASE  ALLOV 
A *V  )i  Morr.s  A 'J-.  ; ' ••  A'jA't'v  Te"  i; 

Turb.nes  Mn  1971  lb  u '“K  W.’  28  ■ 

Avail  NIiCj  HC  5d  00  '.If  SO  9b 

Tr>i-  develrypnien’  ond  aut.'-i-.Ji*'  '•  -f  .'11‘jr-  i'.»rr.pr;iaiu'  • 


composites  for  gas  turbine  blading  i>  discussed  Of  the  currently 
available  reinforcements  examined,  only  iungsien-b%  rhenium  wire 
affords  acceptable  stability  m mckei  base  alloys  and  a satisfactory 
ncrease  m stress-rupture  strength  but  only  by  incurring  a weight 
penalty  The  maximum  volume  fract'ori  reinforcement  i$  controlled 
by  composite  density  and  blade  geometry  at  the  low  levels 
imposed  the  advantage  of  remfoicement  is  controlled  by  composite 
density  and  cooled  blade  if  adopted,  fibre  remforcement  is  likely 
*0  be  used  in  solid  blades  m engine  stages  where  coohng  is 
prohibitive  and  then  only  as  a selected  area  remlorcemeni  indeed 
the  whole  question  of  application  mav  rest  on  the  thermal  fatigue 
behavior  Laboratory  tests  on  cylindrical  specimens  indicate  very 
poor  thermal  fatigue  crack  res::tance  Application  of  the  newer  low 
density  Single  crystal  alumma  fibre  <s  also  discussed  Author 

N71-17391#  Office  National  d Eludes  ei  oe  Recherches 
Aerospatidics  Pans  iFrancei 

THERMO  CHEMICAL  PROTECTION  OF  REFRACTORY 
SUPERALLOYS  FOr.  AIRCRAFT  GAS  TURBINES 
(PROTECTION  OES  SURE RALUAGES  REFRACTAIRES  POUR 
TURBI.^ES  A GAZ  AE  RO  N A U TI  Q UE  S PAR  VOIE 
THERMO  CHIMIQUEl 

Phihppe  Galmiche  AGARD  High  Temp  Turbines  Jan  1971 
>2  p reis  In  FRENCH  ENGLISH  sumrrarv  iSfcC  N7l  1 7372 

07  28. 

Avail  NTIS  HCS6  00  MFS0  95 

A fi»it  pan  of  the  paper  S dcvoterl  to  y survey  of  ne 
corrosion  problems  of  refractO'y  .naterialS  for  gas  t nbmes,  a'/  they 
appear  at  present  m the  cas**  of  the  most  advanced  s’jpr.raHovs 
After  recalling  briefly  me  mjm  protect  or.  'T.eihods  of  'efracto  y 
'.uperaliovs  i^ow  »n  use  or » nder  study  !i>r  second  pan  or  the  OTper 
descnl/Cj  If'e  ch;on.alun..;../jtion  .‘.cJ.'.uJ  tl.al  I'ds  bCC..  Jeve'wpcd 

Author 

N71-17392»  Soc'Cte  Nai:Onaie  d Etude  tl  Jn  C' I'.btfuctiOfi  rje 
Moieurs  d Aviation  Corbe.i  iFrancei 

MATERIALS  DEVELOPMENT  FOR  HIGH  TEMPERATURE 
TURBINES  lEVOLUTlON  DES  MATERlAUX  POUR 
TURBINES  A HAUTE  TEMPERATURE) 

Robert  Bruneiaud  Ir  AoARD  High  Trmp  Tu-omes  Jan  ’i97l 

8 p inFHEN’CH  E^iGLlSHsumm-ary  'ieeN!’i  l7372'J?  28) 

Ava.i  NTiSHCSf-30  MfS0  9b 

Turbine  blades  and  vanr-i  .vork  -r»  cr'.nplex  coriditons  wi'h 
creep  thermal  fatigue,  coi'o^ip'’.  ericsio'.  etc  Base  cobalt  and  base 
nickel  aiiOys  a»e  develop'd  or  *nese  luM;ino  parts  .n  new 

•voL-uLiU'*  •••CM.-'.-  vjC'iu'"  p.' vC'S'Ori  I'cs'i.'.g  O’” iw.rcc ’.ona. 

sohdific  jiioni  Srt^cidci  i3-  a J'.  ar'iaqes  are  possible  w’llh  niobium 
alloyc  but  th.e  p-oblc'.'S  of  riobu.Ti  coatmgs  are  •‘‘•.Jl  resolved  Lov/ 
eye’e  fatigue  has  « - oe  cci^S'dr*'e:l  ri^oie  Dian  creep  aspects  m di*:^ 
f'/Dticaliun  Nfc- / tech  "Ques  of  iSOthe'ma'  forging  or  the  use  of 
wrought  sinf  .red  p-oducls  are  indicate'’  for  the  .nanularturing  of 
mjdifietJ  :•  :0',s  *.om  maic'iais  .»serl  oladcs  A.'*-  i^r 

N/'  l7'*^3*«  Solar  Sar.  Di'.go  Ce'if 

the  COMPOSITION.  M I C R 03 t U C T U R E AND 
PROTECTION  AFFOr^DED  BY  SEi'l  HAL  COMMERCIAL 
COATINGS  ON  TWO  NICKEL  P 3E  ALLOYS 
A R «jn'.  V S Moo'  AGARD  ^ngh  Terrp  Turb.nes 

197'  6G  V -L-f-,  Sr-  i7-  17372  0'^  28- 
■(.  .-rH-a  .i  b \S3  94C  1 

NASA  AR  11637a;  .V-.a-  NTlS  CSC.  Mf 

S'7’  '.ly  a,-~iljbN;  aU.rrii.Tidf?  co3'.ings  v/C'e  evaluated 

!.•  !'j-  ‘ii»f.  0'i\ I'on.nental  ng  Tl'v  c''V-.onrr.ent  v.a*’ 

i!  ■ :jr;.iibustiO‘i  p/o'*  .*  t . of  J t?  fu'  I and  air  at  C c^S  Mar'  Coaiir'  i 

;-.dori:ijn-.»-  .vh*.  jv  ^o>SO'I  f>v  -••'.•ight  f 'lafiQP  i'hJ  rnei allO-j'aphiC 
riic!*-;:*.  f.'vl'.j'i  r'»i-„.f.‘,;'uO‘7  X ■' a ,■  2iar>'-:S  an'(  to  a li'.'ilr?;! 
♦!»t';-'t  < ’e.  '.I'ba-.'i  j.'i  .••e'*--  ‘'.I'leJ  o.;i  :»  • ;';r<i  ''r  piM'-fs  ar-J  Oef'.i*’ 
d • • ,??jl  1 ' ..  r<  iy!eU  10  Jf* ifO: -’.anr e 

. -j'.  d ;ir*iii  i Je  •.•  .1*1:.;^.  i.'itlud'-  : «•  tbi-.  prograr’r- 
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were  those  containing  Significant  quantities  of  fll  sii.con,  (2) 
chfon^ium  applied  either  before  or  otter  the  alumiou'n,  and  Of 
ce»armc  material  Coatings  were  also  repiesented  thai>  were  hyper- 
and  hypo-stoichiomotric  m the  betaNiAl  system  in  general  ihe 
coatings  with  the  greatest  mitial  alum-.ium  re,ervoir  fth.ckness} 
provided  the  greatest  protection  Hyper  rather  than  hypo 
stoichiometric  coetmgs  appeared  to  provi'le  longer  protection  at 
the  mammum  test  lamparati’ie  The  substrate  also  in.luencr*d 
costing  performance  with  *ne  <.oalin(is  on  019OC  showing  con- 
sistent*,' better  periormance  than  coenngs  on  IN-  tOO  Author 


N71  17394*  VO'.  Karma. 1 Inst  for  Fluid  Dynamics,  Rhode 
Samt  Geneve  'Selgiurr.i 

APPLl^'AnON  OF  MLM  COOLING  TO  GAS  TURBINE 

BUA JES 

C Liess  and  J Carnel  in  AGARO  H'gn  Temp  Turbines  Jar; 
1971  11  pref.r>eeN7l  17372  07  28' 

Avail  NTIS  HCTd  00  MFSO  95 

The  -..leclion  of  a secondary  flow  into  a hig*.  veloC'ty  ain 
stream  was  investigated  The  seconda-y  flow  was  ne^'cd  and 
in|e*''.ed  by  a row  of  inclined  holes  mto  a ma*'.  Mow  i arnbieni 
te.npe'ature  The  geometry  of  the  miection  '•■oles  an^'*  » ie  mam  flow 
velocity  corresponded  to  condit  ons  uncoumerf  ■ on  »eal  turbine 
blades  After  a brief  review  of  the  aopiicatior"  .-i  Mr^  cooimg  to  gas 
turbine  blades  the  result^^  vi  the  measure'  :nts  are  presented  The 
tests  concer.ied  the  adiabatic  wall  effr  iiveness  anvj  the  f'Ow  field 
dowrstreom  o'  the  miection  hoi*'.  The  test  results  show  that 
app'oxi  '.ate  two  dimensional  f'.  w :onditioris  cari  bo  obtained  not 
f^'  < ^wnstream  of  the  hole*  ,jrovided  th<  tnc  spacing  to  diamete* 
rat?o  of  the  holes  ■$  Author 


NTM7396*  '■^riiona  Slate  Un.v  Tempe 

EVALUAT'yN  OF  FILM  COOLING  PERFORMANCE  ON 

CAST'.  SEINE  SURFACES 

0 F .ylct^ger,  J R B’ddle  and  J M War'en  In  AGARO  H»gti 
"jmp  Turbine.*  Jan  1971  10  p refs  (See  N7  1 ■ 1 7372  07-281 
Avan  NTIS  HCS600.  MP  SO  95 

Film  cooling  of  gas  lurbme  cc-Tiponr?r;ts  is  often  cha'acierued 
by  reiat'vely  short  cooled  lengths  ar^d  mrjclion  geometr*es  which 
are  dictated  onmariiy  by  f>ijricatir}n  and  stress  cons -'erations  For 
many  of  the  resulimr^  configurauons.  f irn  coolmg  infomijticn  based 
on  adiaby/'C  wall  temperatures  a'one  is  ina<1eq*iate  for  design 
puf('Os«;S  In  addition,  the  complexity  of  the  film  cOolmg  procesc 
makes  extr-pOlatiOn  c>f  results  frorr  one  micction  configuration  to 
another  uiicerlsiO  A transient  method  is  described  that  has  been 
used  to  lap'diy  i- -'clahvc  pc-'fcrmance  o*  vanons  f»im 

cr-uling  configurations  Advantages  as  well  as  some  inhere'*, 
disadvantages  of  the  rreihcJ  are  discussed  The  ejrpenm.ontai  far’.iiiies 
ore  described  and  t/pica*  results  are  precented  for  a ' ariety  of 
flush  angicj  inirction  ports  EmphasiS  «S  placed  on  recent  results 
obiji.ned  for  high  injection  rates  with  vanab'i*  mjection  angle 
where  the  heat  transfer  is  dom  nated  by  the  f-'  n flow  and  effective 
heat  transfer  coefficients  are  rruch  .argr*.  than  those  assoc'ai'''u 
with  the  primary  flow  alone  '*  j|ho» 

N71-1T396*  Rolls-Royce  Ltd  OjrUv  •.Engla'-.j!  Aero  tngino 
O.v 

NOZZLE  GUIDE  VUN  COOLING  TMF  STATE  OF  THE 
ART 

G A Halls  ACARD  Hgh  Ten-p  ‘^urbmes  Jan  lJ7l  19  p 
ref  'See  h/  1 1 737?  07  ?8> 

Ave.i  NTISHCS6  00  MF$0  9‘= 

Reviewed  the  present  si»!r^  of  the  an  o->  an  coolmg 
of  nozzle  guidr*  varies  In.  a 'praii  yas  tu'U-  *e>  li  ahows  h.c.v  ;hc 
design  of  thr  ccolmr  system  and  maru'faclunng  tecfmiques  have 
changgri  r vp'  ih.*  vcars  to  keep  p.''e  w*th  increased  iurh  lO 
eriir,  icr*  {'jfd'  ■ es  The  •:ornpfornr..e  has  ijradiially  shifted  inwards 
la.iO'iP^  ihy-  (1«;siqr.  of  the  vane  lO  ope'ate  viinir,  the  tim-y-'.icns  o* 
ava'!;>b‘-/  materials  Author 
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N71-173B7.tif  Societe  NaiiO  iaie  d Etude  et  de  Construction  de 
Moteu's  d'AviBhon  Vil'eroc**®  (France) 

cooling  of  TUf^cBINE  DISTRIBUTION  BLADES 
THROUGH  IMPACT  EFFECT  (REFR0IDI8SEMENT  DE8 
AUBES  OE  DiSrMBUTEUR  DE  TURBINE  PAR  bFFET 
OTMPACTl 

£ Basstnot  r,>  .vGARO  High  T«mp  Turbif.os  Jan  1971  19  p 

refs  InFRE^'T  H (See  N7  1 l 7372  07-28) 

Avail  MFS095 

One  of  the  improved  methods  for  turbine  cochng  is  the 
utilize*  on  vt  the  m^pact  eHect  m generati  g a discharge  flow  that 
alio  .*  ve'^Y  sensitive  temperature  corrections  Discussed  are 
e .^enmental  studies  that  use  slotted  biades  surfaces  for  distributing 
cooling  31;  ih-OuQl'  impacting  pressure  and  theoretical  calculation'*  of 
the  effects  of  certain  par  ameters  on  the  impact  The  expennyental 
Diade  consisted  of  a hea*  resistant  e*ier:or  shell  and  an  inner  imirio 
that  served  as  distnbutrjf  of  the  cooling  air  and  guided  it  into 
convective  coolmg  regions  The  funcior^al  motor  pressure  provided 
(he  impact  effect  It  is  concluded  that  ihiS  improved  impact  cooling 
method  is  suitable  for  distributing  blades  of  advanced 
turbomachinery  Transl  by  GG 


! 


N71-1739B*  Office  Naiior^al  d Etudes  et  de  Recherchos 
Aerospatiaies  Pans  (France) 

COOLING  OF  TURBINE  BLADES  BY  LIQUID  METALS 
IREFROIDISSEMENT  DES  AUBES  DE  TURBINES  PAR  LES 
METAUX  LIQUIDESI 

£ Le  Gnves  and  J Genoi  !■'  AGARO  High  Temp  Turhmes  jan 
1971  20  p refs  In  FRENCH.  ENGLISH  sunimar*,  iSee 

N71  17372  07  28) 

Avail  NTIS  HCS6  00;  MFSO  95 

Mass  UdMsIei  wi*dil>ur-.>  i.n  thcr.m.csyphJ-r'  O'  evaporaiivP 
eyries  under  fugh  centrifugal  acceleration  p.e  tirst  briefly  analyzed 
Soduni  coiassiom  alloys  are  shown  tr  oe  best  suiind  on  iwOuni 
bf  their  heat  transfer  ability  with  air  wOoicd  exchangers  at  the  bieoe 
roots  A high  lotahun  speed  teci  set  up  on  which  the  heat  flux  on 
the  blades  is  comparab>i7  10  that  cf  a real  turbine  nas  been 
extensively  used  for  an  'ixocfiiTer^iai  study  0'  these  processes  Both 
cycles  lead  to  a le'.>peratu'e  drop  as  high  as  650  C at  the  blade 
tips  With  a ms^^s  flow  laie  cf  cooling  au  of  lO  g per  s:^c  kW 
However,  several  a0’.antar;;ds  are  shown  to  be  expectable  for  Uie 
evaporpnve  cycle  ui  vie*,  of  its  application  to  high  temperature  gas 
luft  .n<y  cooling  Author 


N71-17359e  Army  Aviai  on  Maienei  Lab'  Fon  tustis  Va 
A FlfJiD-COOLF.D  23  ;G  F ENTRY  TcMPERAT'JRE  *XIAL 
FIOWTURBINE 

cdwaid  T Johnson  In  AGARD  Hi^n  Temp  Turbines  Jan  l9?l 
17  p refs  (See  N7  1 17372  07  2S- 
Mva-i  NTISHCS6  00  MFSOPv 

A brief  description  of  me  overall  prograni  for  the  design 
and  evaluation  of  a therr  v'^iphon  fluid  cooled  anal  f»ow  lurbme  is 
given  The  objective  j*  the  program  was  to  dumoi’Straie  me 
therr.iosiphon  svsie'  > > capability  to  oe-fo-'m  'adecuately  rcol'  at  ar. 
inlet  gas  temper  r-jre  of  2300  F Although  the  original  obieclivc 
cooling  at  ? 'jOO  F (1260  Ci  was  acmeved  ditli.?ul(y  was 
experienced  ■'<  obtaining  itie  aeroOvriainic  eff  cieniy  proper  fab'ication 
of  the  t a.ies  anrj  a specific  horsepower  of  2 13  HP  vVa  Despite 
the  *»V.ementioned  problems  ihij  piogram  did  prove  the  capabiiitv 
O*  *he  annular  combustor  imnecJ  noz/'c  vancs  arvi  Mijid  rooi  rd 
biade  cooling  system  while  opera'i'-y  M gas  temperatures  of  2350 
2450  F Ai.mof 


N71  I7400ir  Rolls  Roycn  Ltd  Derby  :F.i  glandi  Aefv)  tr  ^ii^e 

Oiv 

THERMA'.  FATIGU:  (FILn/ll 
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M AGARO  High  Temp  Turbioes  Jan  1971  9 p (Se«N7l17372 
07-28) 

Av«il  NTIS  HCS6  00/MFS0  9& 

The  e>cidehc8  of  ’hermsl  fatigue  m cooled  turt>ir>«  blades  is 
itlustreled  Prpbl**iTi$  ji  ihrs  nature  have  recently  beer  eixountered 
and  >l  IS  demonstrt.ted  how  a means  of  overcoming  such  problems 
Without  rcaohing  to  expensive  and  time  consuming  hq  testing  can 
be  provided  Author 


N7i-1740le  National  Cas  Tuibme  Establishment  Ryestock 
'cngiandl 

SOME  MECHANICAL  DESIGN  PRC  cMS  OF  TURBINE 
BLADES  AND  DISCS 

J 6 BullarO  and  6 6 6a*t;ndaie  .'•»  AGARO  High  Temp 

Turbines  Jit.  I97l  IS  p refs  (See  N7  1 1 73  7 2 07 -28‘ 

Avail  MTlS  HC$6  00.  MFSO  Sb 

intcrnaiiv  a;r  cooied  turb;n->  -otOf  blades  usually  have  a 
rvon-un.fDrm  »emp9f3lure  distr.oution  The  non  unilorm  stress  pattern 
thus  c'eaterJ  is  redistributed  bv  creep  ociurrin^,  at  di*^e/er^t  rates 
with.M  :r»e  T>iade  depending  on  the  lo  ai  value  jf  stress  and 
temperature  The  effect  ol  this  process  on  the  blade  de  is  discussed 
jnd  experiments  to  check  the  validity  of  som«  of  the  assumptions 
are  described  The  stress  patterns  m rotating  discs  are  modified 
when  plastic  strain  occurs  dependent  on  the  strain-hardening 
characteristics  of  the  disc  material  This  places  limiiciions  on  the  use 
of  conventior'a!  maiei'a>  properties  as  des  gn  data  Th,?se  limitations 
and  tr.e  effect  of  (he  mater;ai  stress  siram  curvs'  on  stress 
reO'Sl'ibutiOn  are  discussed  Author 

NJ1-W402.  An  W-.nhi 

AFB  Ohio 

AIR  FORCE  AERO  PROPULSION  LAB  AIR  COCLEO 
TURBINE  DESIGN  CRITERIA 

Jack  Bichgns  in  AGAflO  High  Temp  TuiDmei  Jan  1971  6 r 

(See  N71  1 7372  07  2«l 

Ava.l  NTIS  HCSSOO  MfS0  95 

A new  technology  1°'  9as  tu'hme  engmeo  is  developed 
and  applieo  m new  engines  tn  o'de-  to  accomplish  this  a phased 
development  cycle  has  been  established  lhai  petmns  high  levels 
of  tisk  in  ihe  early  stages  o'  devolopmcn  rctlocmy  to  low  levels 
of  risk  pilot  10  commiimeni  ol  Ihe  suhsianiiai  lesouices  necessary 
for  development  for  oroduclion  The  deveiopmeni  cycle  with 
particular  aueniion  lo  It  ri  'Jc  .ign  or  seiertiion  criiena  that  have  been  or 
are  being  successfully  applied  to  an  cooled  tinhines  is  desinbed 

Author 


N71-17^03#  Rensselaer  Polytechnic  Inst  Troy  N Y Mechanics 

Oiv 

STRESS  ANALYSIS  FOR  ELEVATED  TEMPERATURE 
LOW  CYCLE  FATIGUE  WITH  HOLD  TIME 

Erhard  Krempl  In  AGAriO  High  Ternp  Tu/bmes  Jan  1971 
1 7 p refs  (See  N71  1 737  2 07  28) 

Avail  NTISHCS6  00.  MFS0  9S 

The  behavior  of  structural  rnateriais  under  simulated  seiv*ce 
conditions  at  elevated  (emperaiure  is  siiown  lo  tje  ctiaracien/ed 
by  strain  rate  ffrequyncyi  s''r>s»iivi;y  creep  relaxation  and  cyciit 
hardening  or  soflonrig  Tf.ese  phenomena  and  pfiO'  deformation 
history  have  a oonsi  Je  able  effect  on  the  subscgucni  'ielorrnatiOf» 
and  fracture  beFa./'Or  A reaiisi'c  sin  s,  analysis  fc  elevated 
temperature  low  cycle  fitiyne  with  itold  time  has  to  con,  der  '.hpse 
malarial  properties  so  that  the  stresses  can  be  computed  throughout 
the  component  as  a I'unuio  i of  tiu.c  it  •>  siivu*-*’.  ;hd»  ;.!  d»c 

conveniionaMv  used  desc'iptions  of  material  tjefi.iv.oi  'elasi'c'v 
plas’'Ciiv  creep  or  viscoe..^stiCityi  cari  reproduce  all  U'c  ■rnpofianr 
observed  phenomena  A new  approoch  is  proposed  wt'  c^i  coi'srie's 
time  oeperdent  nonhnoar  ar^d  fustofy  effects  Aijitu;' 


N71-17404fV  Societe  Naiionaia  d Etude  et  de  Consiruciion  oe 
Moteurs  d Aviation.  Viliaroche  (Franca) 

technological  aspects  of  turbine  BLADE 
COOUNO  BY  AIR  FILM  |L£S  ASPECTS  TECHN0L0GIQUE8 
OU  RCFAOIOI8SEMENT  DES  AUBCS  OE  TURBINE  PAR 
FILM  O AIR| 

Jacques  M tanrand  in  AGARO  High  Temp  Turbmes  Jan 
1971  18  p t;;«eN7  1-17372  07  28) 

Avail  NTISHCS6  00/MFS0  9S 

Technolop-cal  aspKts  of  pU:mg  coohrvg  air  emi*i^ion  holes  m 
turbine  blade  t p portions  are  considered  by  evaluating  mechanical 
blade  resistance,  mternaf  duct  organnalon  resulting  m an  ai'  film, 
and  fabricstion  methods  sui»able  for  multiple  cooling  Theoreticel 
and  expetimeota)  studies  c f the  operaticnai  problems  connected 
with  the  multiple  hole  cooh-'g  method  for  turbine  bledes  prove  the 
validity  of  the  concept  for  appl'catio.  m tecfinicaily  advanced  turbo 
machinery  Transl  by  G G 


N71-T3I77*  Advi^orv  Greup  for  Aerospace  Research  and 
Oe/eiopmen-  Paris  .Frani  ei 

"EC-NiC^l  'VALUATION  REPORT  ON  THE  AGARO 
PROr*ULSlON  AND  ENERGE  ’ICS  PANEL.  34ih  MEETING, 
(8TM  COLLOOUIUM)  ON  REACTIONS  BETWEEN  GASES 
AND  SOLIDS 

S S Penner  i.Califomia  Umv  La  JoHai  and  P G A|W-nson  Jr 
lOifecio'aie  of  Labs  - Andrews  AF6  Md  i Feb  197  1 12  o Corif 

held  at  Oavion  Ohio  *3  16  Oct  1969 

lAGARO  AR  32-7  1 1 Avail  NTlS 

A reoor!  oi  me  round  tably  diicussion  and  a critical  review 
of  the  presef'’ations  are  given  There  vvas  gei-erai  afireement  mat 
the  interdisciplinary  character  ol  the  meeting  had  led  lo  a fruitful 

exenange  of  views  uy  yiv**-y  pc-'l^cct:vct  10  1^?  p;rV'‘'f>xnis 

on  areas  of  application  of  their  work  and  or*  desirat)ie  Oirechons 
for  new  studies  Author 


N71-22999**  National  Aeionautics  and  Space  Admimstrahon 
Lewis  Hesearc  1 Cenief  Cieveiarid  Ohio 

HIGHTEMPERATURE  TURBINES 

Jack  8 Esgar  and  R A Reynolds  (Dept  of  ind  Trade  and  Com  , 
Ottawa)  Pans  a(3AR0  Feb  1971  7 p refs  Presenied  at 

the  36ih  Meeiirg  of  the  Propuit*'on  and  Eneryeiics  Panel  Fio.eiici 
21  2B  Sep  1970 

(NASA  TM-X-67123  AGARD  AP  29  7 1 ) Ava.l  NTlSCSCL2lE 
State  of  the  art  review  oi  high  temperature  lufb'ne  technology 
was  providec  ai  this  conlerenue  The  following  topics  were  covered 

by  papers  presented  p'Ob'e^'S  »nvo(v<?ri  m moiinn  <.rnaii  lurtjines 

application  of  turbine  blade  coolif.g  to  engines  selection  of  ingh 
temperature  and  cooled  turbme  maienais  heat  transfer 
measurement  lecf.oiaues  and  an  evaluation  of  the  techniques  ol 
film  convection,  and  transpiration  coolirig  EMC 


N71-289S1#  Advisory  Group  for  Aerospace  Research  and 
Oevefopment  Paris  (France) 

SMALL  QA8  TURBINES  FOR  HELICOPTERS  AND  SURFACE 
transport 

May  1971  141  p refs 
lAGARO  LS  46  7 1)  Ava.l  NTIS 

CONTENTS 

1 military  and  Civilian  needs  for  small  gas 

TURBINES  0 0 Weidhuner  (Army  Materiel  Command  Waab  . 
OCtll  o See  N71-26952  15  28) 

2 THE  STATE  OF  ThE  ART  OF  SMALL  GAS  TURBINE 
ENGINES  FOR  HELICOPTERS  AND  SURFACE  TRANSPORT  H H 
Langshur  and  B J Paifreeman  (United  Aircraft  of  Canada)  16  p 
refi  (See  N71-26953  15-28> 
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3 CYC  iS  OF  A GAS  TU8BINE  P Al«ti  «nd  R laurvr.s 
tSoc»^t«  N*\tona\€  d’Etud*  at  da  Conitrociton  da  Moiaun  d Avialon. 
Vtllaroch*.  Franca)  p (Saa  N7 1 -269E4  16-28) 

4 ANALYSIS  OF  SMALL  GAS  TURBINE  ENGINE 
COMPONENTS  E SchnaM  (Kloacknar-Humboldt-Oautz  AG. 
Obaruraa’  Watt  Gannany)  23  p reft  (Saa  N71-26966  15-26) 

5 INDUSTRIAL  AND  TECHNOLOGICAL  PROBLEMS 
OF  SMALL  GAS  TURBINES  FOR  HELICOPTERS  ANO  GROUND 
transport  fl  M Lucat  (Rollt-Royca.  Ltd  . Watford.  England! 
13  p (Saa  N71-26956  15  28) 

6 APPLICATION  TO  POWER  GENERATION  A L 
Jaurrrotta  (Brutaalt  Univ  , Balfiium)  25  p raft  (Saa  N**  1-26957 
15  28) 

7 FUTURE  DEVELOPMENTS  OF  SMALL  GAS  TURBINES 
J Mflcl^ior  (Ataliar  da  Construction  d Isty-lat-MoulmaauK  Franca) 
35  p (Saa  N71-26058  15-28) 

N71-269B2#  Army  Matarai  Command.  Washington  0 C Ground 
Mobilit/  Div 

military  and  civilian  NEEDS  FOR  SMALL  GAS 
TURBINES 

Donald  0 Watdhuner  tn  AGARD  Small  Gat  Turbmat  for 
Halicoptara  and  Surface  Transport  May  1971  11  p (Saa 

N71-26951  15-28) 

Avail  NTlS 

Tha  most  irrpo<^ant  considarat>on  m tha  talactiori  of  a povYar 
plant  for  any  apulication  is  to  maximize  return  on  investment  O' 
to  maximita  coit  affactivan<)st  it  mutt  be  indicated  that  tha 
small  gas  turbma  can  yield  more  return  or  profit  while  satisfying 
operational  requirements,  than  jther  engines  or  «*s  choice  cennot 
be  luttified  The  critical  raou'ramantt  of  tha  proouition  svstams  for 
helicopters,  vehicles,  marine  craft,  electrical  power  generation,  and 
total  energy  systems  for  buildings  are  discussed,  and  the  engine 
charactanatics  nacassary  for  the  turbine  to  be  the  preferred  choice 
are  rndicatad  Installation  f6Quirarr>ants  and  ancillary  components, 
exhaust  emission  levels  and  centam  other  technical  goals  are 
specified  Small  gas  turbines  are  arbitrarily  considered  to  be  lest 
than  2.000  HP  or  less  than  10  Ib/sec  airflow  Author 

N71 -2C9B3I  United  Aircraft  of  Canada.  Longueuil  (Quebec) 

THE  STATE  OF  THE  ART  OF  SMALL  GAS  TURBINE 
ENGINES  FOR  HELICOPTERS  AND  SURFACE  TRANSPORT 
H H Langshur  af>d  B J Paifreaman  in  AGARO  Small  Gat 
Turbinas  for  Helicopters  and  Surface  Trenspon  May  19/1  16  p 

raft  (Sea  N71-26951  15  28) 

Ava:!  NTlS 

The  current  technical  and  market  sratus  of  below  1000 
$HP  turboshaft  engines,  as  applied  to  helicopters  and  surface 
transpon  are  reviewed  Major  data  are  given  for  the  succett*ui 
engines  end  compsntons  of  salient  design  features  ere  made 
Engines  now  m development  are  discussed  On  the  basis  of  ar> 
industry  survey,  arivances  to  be  expected  m a 1980  helicopter 
engine  ere  desciibad  and  the  expectations  are  critically  reviewed 
1 980  surface  transportation  engiries  are  treated  similarly,  though  m 
lass  technical  detail  Tha  mam  chailer.ges  for  the  engme  designer 
and  manufacturers  m the  surface  transport  field  aro  brought  out 

AiitKnr 

N71-2B9B4#  Societe  Nenonaie  d‘  '--i-'  et  de  C^nsVuc'ion  de 
Moteurs  d'Aviation.  Viilaroche  (France) 

CYCLES  OF  A 0A8  TURBINE  [CYCLES  DE  TURBINES  A 
OAZl 

P Alasi  and  R Laurent  in  AGARD  Small  Ga^  Turb  lea  for 
Helicopters  and  Surface  Traripon  May  1971  11  j/  In  FRENCH 

(Saa  N71-26951  15  28) 

Avail  NTIS 

Tha  power  of  a gat  turbma  la  denned  bv  the  following 
four  parameters  air  flow,  overall  pressure  .'xt'O.  turbine  inlet 
temperature  a<  ■ components  efficiencies  The  flow  oroends  directly 
on  turbomachina  geoms.ry  whereat  the  compression  'ate  it  a 


cyclic  vanabla  Tha  temperature  m front  of  the  turbme  is  also  a 
cyclic  vanabla  but  itt  value  la  limited  by  cooimg  probiams  of  tha 
lurbirva  matariais  Compression  output  and  loss  are  functions  of 
geometry  at  each  cycle  stage  before  Row  clearance  is  mmimiaad 
through  mcrassad  comprsssion  It  ii  concluded  that  the  power  of 
a gas  turbma  n primarily  determined  by  its  thermodynamic  cyrii 
er\d  its  geometrical  shape  Tranal  by  G 'i 

N71-3B9S6i|i  Kloeckner  Humboldt-Oeut:  AG.  Obarursel  (West 
Germany) 

ANALYSIS  OF  SMALL  QA8  TURBINE  ENOtNB 
COMPONENTS 

Erwm  Schnali  In  AGARD  Small  Gat  Turbines  for  Hahocoptars 
and  Surface  Transport  May  1971  23  p refs  (See  N71-269S1 
15  2S‘ 

Avail  NTIS 

Aircraft  gas  turbmas  are  to  be  developed  for  lowest  weight 
and  smallest  volume  therefore  they  are  built  without  utilization  of 
the  exhaust  heat  but  for  high  pressure  ratios  For  vehicle  gas 
turbmas  however,  the  specific  fuel  consumption  is  the  determining 
factor  and  therefore  the  heat  exchanger  is  an  essential  component 
of  the  engme  For  small  gas  turbme  engines  cooled  turbine  blades 
can  only  be  used  to  a limited  extent  In  ceaam  cases  higher 
eHtciencies  can  be  expected  with  radial  turbmes  than  with  axial 
turbines  havmg  unfavorable  aspect  ratios  Two  shaft  engines  (having 
a fiee  power  turbme)  compete  with  single  shaft  engines,  auxiliary 
attachrrients  (hydraulic  torque  converter  or  hydrostatic  transmission) 
render  the  single  shaft  engme  feasible  to  be  used  for  traction 
purposes  Author 

N71-269B6ifc  Rolls-Royce.  Ltd  . Watford  (England)  Srr^all  Engme 
Div 

industrial  and  TECHNOLOGICAL  PROBLEMS  OF 
SMALL  GAS  TURBINES  FOR  HELICOPTERS  AND  GROUND 
TRANSPORT 

R M Lucas  In  AGARO  Small  Gas  Turbines  for  Helicopters 
and  Surface  Transport  May  1971  13  p (See  N7  1 -26951  15-28) 
Avail  NTIS 

After  considering  why  a small  engine  needs  to  rotate  fast, 
and  be  made  of  integral  rather  then  built  up  parts,  some  of  the 
coneequent  vibratory  problems  are  discussed  with  the  conclusior^ 
that  methods  of  introducing  damping  into  the  system  are  required 
Fuel  system  iimiietions  due  to  dia  being  the  same  site  for  big  and 
rmall  engines  limit  the  use  of  scaled  down  large  engmg  designs 
Contamination  of  compressors  by  foreign  objects  is  similerly  more 
pronounced  A numoer  of  workshop  problems  special  to  email  size 
are  considered  and  shown  to  respond  to  the  use  of  suitable 
legnniques  rinaiiy  a giange  at  sonio  uf  tii®  cosis  whiuh  don't  scale 
indicate  proporlionately  high  launching  costs  Author 

N71  26967^  Brussels  Univ  (Belgium) 

APPLICATION  TO  POWER  GENERATION 

Andre  L Jaumotie  in  AGARD  Small  Gas  Turbmes  for  Helicopters 
and  Surface  Transpori  May  19/1  25  p refs  In  FRENCH  and 

ENGLISH  (See  N71  26951  15  28) 

Av^i)  NTIS 

The  applications  of  g?’.  (urpmes  of  iow  power  (below  bOO 
kW)  in  the  fields  of  aeronautics  industry  and  space  are  reviewed 
end  the  advantages  and  drawbacks  o.’  gas  turbmes  :n  comparison 
with  Diesel  engines  are  discussed  Tiie  u^e  of  small  iufbir-?»s  for  the 
combined  production  of  electric  and  thermal  energy  concu'sred 
The  inermodynamic  characteristics  of  the  total  energy  ;.'.stem  are 
described  and  a few  examples  of  mdusiriai  applications  jiven 
Possibilities  offered  by  the  use  of  gas  tu-'bmes  m space  researu: 
tt?oecielly  as  rega  ds  the  production  of  the  energy  required  on 
boerej  exploration  vehicles  are  outlined  Author 

N71-20958a  Atelier  de  CcnstrucMon  d Issy-iei  Mouiuieau* 
(France) 

FUTURE  OEVELOPMriNTS  OF  SMALL  GAS  TURBINES 
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lOeveLOPCtMENTS  FUTURE  OE8  PiTIUS  TURBINES  A 
GAZI 

Jam  Malchiof  m AQARO  Smiii  Ga>  Turbine*  (or  Helicopter*  and 
Surface  Tranaport  May  1971  35  p In  FRENCH  and  ENGLISH 
(See  N71  26951  15  28) 

Avail  NTIS 

Light  engines  with  powers  ranging  between  300  and  tSOO 
hp  will  bo  essentielly  used  fo^  the  — pulsion  of  grcjnd  vcnictes 
that  IS  for  indusinil  applications  1 5 kg  of  weight  per  hp  should 
satisfy  most  users  A <rr>wer  weight  will  be  appreciated  of  co-use 
but  not  at  any  cos*  fuel  consumption  in  panicuidr.  will  remain 
an  imponani  item  m the  cost  of  operation  Besides,  the  au  intake 
filtering,  sound-proofing  and  exhaust  devices  are  costly  and  bulky 
Since  ihe»  are  proportional  to  the  air  liow  rate  ;hey  w»M  be  tf«ree 
times  larger  for  a turbine  than  foi  a diesel  engine  The  cost  per 
hp  of  present  diesei  engines  remains  an  objective  for  the  gas 
turbine  to  reach  Now.  this  cost  should  still  decrease  considerabt/ 
with  high  Super  charging  simultaneously  witn  the  Viiaighi  per  hp 
which  should  reach  1 kg/hp  m the  near  future  The  essential  asset 
of  the  turbine  is  its  extremely  light  weight  which  is  however 
counterbalanced  by  ihe  heat  recovery  device  Author 

N72- 16666k  Advisory  Group  fo'  Aerospace  Research  and 
Development.  Paris  iFrance) 

INLETS  AND  NOZ2LES  FOR  AEROSPACE  ENGINES 

Dec  1971  503  p refs  Pdrtly  m ENGLISH  and  FRENCH 

Presented  at  the  30th  Meeting  of  AGARO  Propulsion  and 
Energet'cs  Panel  Sar>def|Ofd  Norway,  13-17  Sep  1971 
(AGARO  CP91  71  UOC  533  697)  Avail  NTl$  HCS600  MF 
SO  95 

Conference  papers  are  presented  on  five  topics  engine 
arrptane  interference  r-  presentation  m wind  tunnel  testing,  thrust 
vuviuiiM^  arid  cwMiroi  V,  CTOL  fh'ats  and  •'•oij'aj. 
inlets.  no22les.  and  applications,  and  subsonic  and  transonic 
aeropropuision  For  individual  titles,  see  N72  16666  through 
N72-16718 


N72  16666/ir  New  York  Uoiv  N Y Aerospace  Lab 

REVIEW  OF  THE  CONCLUSIONS  OF  IHE  AGARO  AO 
HOC  COMMITTEE  ON  ENGINE  AIRPLANE  INTERFERENCE 
AND  WALL  CORRECTIONS  IN  TRANSONIC  WIND  TUNNEL 
TESTS 

Anionic  Fern  In  AGARO  Inlets  and  No/zles  for  Aerospace  Eng 
Dec  1971  10  p iSeo  N72  16685  07  28) 

Avail  NTIS  HCS6  00  MFS0  95 

A program  for  the  Study  of  problenis  of  engine  di'pltfoe 
interference  is  outlined  Engine  simulelors.  nozzle  uv>-gn  and 
dynamic  characterisucs  of  the  inlet  are  considered  K P O 

k72  16687a  National  Aerospace  Lab  AmstenJam  (Netheiiand'i 
INLt’S  airplane  testing  IN  TRANSONIC  WIND 

tunnel.' 

F Jaarsma  . AGARO  Inle'S  and  Nozzles  for  Aerospace  Eng 
Dec  1971  Ibp  refs  (See  N72  1 6685  07  281 
Avail  NTIS  HC  $6  0^:  MF  $0  95 

The  results  and  r«. 'ommendalions  on  inlet  testing  m 
iransunic  wind  tunnels  are  0i.*'jssed  m detail  Special  anenuon 
(5  directb”^  towards  mass  flow  -'easuroments  external  dreg 
determinetiOfi  boundary  layer  represv-^tdiion  loi  diveders  and 
bleeds  »''d  non  T»:eady  flow  phenomena  i»»  •'lets  Author 

N72  I6686.k  Navai  PosJ'jrad'iaie  School  Monterey  Co'  • 
NOZZLE  AND  EXHAUST  VESTING  IN  TRANSONIC  FLi''HT 
BFCiME 

Alleri  k Fuhs  In  AQAAO  Inle’.s  and  Nozzles  lor  Aerospace  Eng 
0*c  1971  32  p refs  iSec  N72  1C606  07  28i 

Avail  NTIS  hC$600  MFS0  95 

A >'irvey  of  e»  'ime  airframe  mterferenr:e  is  presef>ted  in  the 
ed'ly  stage;*  of  dcveiu:>meni  wmd  tunnel  tosts  ol  nozzles  arut 
vxhau5ts  were  rori(JuCi*d  tK)th  alone  r*nd  in  morfelS  ol  Ih#* 
aflerbody  Thrust  i.  easuren-.«i  *s  were  ma'ic  iri  test  faoi'UPs  a» 
s*a  level  anri  various  t»i*'tuUcs  *o  v, .*ved  l»y  flight  tests  D»a«j  of 
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nozzle  boattail.  etc  ) wjs  detr  mined  as  well  as  thrust  Simulation  T 

of  exhaust  of  hot  and  cold  gases  electors,  and  powered  I 

simulators  is  an  impnrtani  facet  of  testing  Nonsieady 
aerodynamics  of  internal  and  external  flow  and  aeroeiasiic  ! 

phenomena  rieed  to  be  exjmined  These  topics  are  discussed  for  | 

both  podded  and  buried  engines  Major  conclusions  of  the  study 
related  to  exhausts  and  nozzle-j  are  given  Author 


N72-16689I  Office  Nat>onaf  d Etudes  ei  de  Recherches 
Aerospauaies.  Pans  (France) 

PROBLEMS  OF  MEASUREMENT  ON  MODEL  OF  THE 
THRUST  OF  A SUPERSONIC  AIRCRAFT  AFTER  BODY 
STANDARD  NOZZLES 

Bernard  Masure  In  AGARO  Inlets  ari<t  Nozzles  for  Aerospace 
Er>g  Dec  1971  15  p refs  In  fRENCH,  ENGLISH  summary 

(See  N72  16685  07  28t 
Avail  NTIS  HC  S6  00/MF  $U  95 

A technique  for  wind  tunnel  measurement,  through  an 
upstream  cylindrical  strut,  of  the  thrust  of  an  aherbody  >s 
described  With  this  measurement  it  is  pr^ssible  to  correct  the 
global  measuremerils  made  on  corriplete  models  with  simplified 
hollow  nacelles  Precision  is  checked  hy  various  calibrations 
including  tests  on  a standard  convergent  divergent  nozzle 
Checking  and  analyzing  of  results  foi  complex  configurations, 
including  a primary  convergent  nozzle  are  ba'^ed  on  knowledge 
of  mass  flow  rates  and  thrusts  of  coriespondmg  sonic  nozzles 
Data  concerning  sur:h  nozzles  result  from  orecise  tests  performed 
within  the  atmosphere  without  external  flow,  for  a wide  variety 
of  shapes  The  results  are  presented  and  compared  with 
theoretical  data  Autho' 


N72  16690*  Centre  d Essais  de  Propuiseurs  Saday  (Franre) 

TEST  METHODS  AND  EXAMPLES  FROM  THE  PROPUL 
SION  TEST  CENTER 

Jean  Claude  Kipon  and  Jean  Bernard  Cocheieux  in  AGARO 
Inlets  and  Nozzles  lor  Aerospace  Eng  Dec  1971  17  p In 

FRENCH  iSee  N72  16605  07  28) 

Avail  NTIS  HCS6  00  MFS0  95 

The  PropulsiOf'  Test  Center  is  a French  government 
establishment  which  participates  m the  development  of 
aeronautical  engine,  using  indusiridl  test  methods  of  flight 
simulati&r  Equipment  at  the  facility  includes  principally  exhaust 
air  and  gas  treatment  apparatus  (using  either  electricity  or 
vapor)  a complex  network  of  conduits  0 engine  test  cells  for 
flight  Simulation  a»^d  7 test  jets  Measurements  are  controlled  hy 
a central  coordinator  Among  tests  made  on  ai>  mleis  and 
nozzles,  tests  on  tine  Concorde  aircraft  are  noted,  as  well  as 
those  on  notse  and  thrus*  Transl  by  K P 0 

N72-16691*  Ndtional  Gas  Turbine  Establishment  Farnborough 
(England) 

MEASUREMEN't  FULLSCALE  OF  PROPELLING  NOZZLE 
PERFORM^NCE  IN  AN  ATTITUDE  TEST  FACILITY 
J C Ascougfi  In  AGARO  Inlets  and  Nozzles  for  Aerospace 
Eng  Dec  1971  l2p  ref(SeeN72  16605  07  28) 

Avail  NTiS  HC  56  CX)  MF  $0  95 

Full  scale  thrust  performance  tests  arr  described  which 
were  made  m an  altitude  test  cell  r>n  a prototype  two  stream 
prope'hng  nozzle  fitted  to  a l"'l*oiet  engine  installed  wiifiin  a ; 

simulated  aircrah  nacelle  The  were  made  at  conditions 

representing  (light  at  Mach  2 at  20  km  altitude  ■’Nozzle  thrust 
efficren^y  obtained  from  these  fui*  scale  tests  was  compared 
With  that  Iroin  a I 10  scale  model  test  ny  The  preliminary  ^ 

analysis  gave  uriexpectediy  low  (uii  scale  ofliciencies  and.  to  ; 

investigate  this,  special  tests  were  made  with  the  zecor'dary  pari  \ 

of  the  nozzle:  re*'-.ovr;d  As  a result  of  the  pririuMy  no/zir:  test-  * 

correcliof'S  z#er«.  madr  to  secondary  r»0';le  test  points  whicn 
v«elflerJ  sai'sfar.tory  agri'erimni  ))f?tvmen  (ul‘  si  ale  and  rnorl^l 

Author 

N72  Ai-.-on,Miii.  s .iii'l  Si  «<  »•  A.lrni  ‘ispation 

I ->vvis  HnsPej-.'-  Co-vr-ia'ii) 

INLE  T f NGINE  rs  ' 77LE  WIND  TUNNEL  TEST  TECH 
NIQUE5 


li 


a 
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U N 6oW(J>(C^  /f)  AOAHU  Iniots  6nd  No/2l6S  to*  A«roip6Cfl 

£nn  0«c  Ifi?!  16  p lefs  (S««  N72  16685  07  281 
,rtA.  \ * 67494)  Avail  NTlS  CSCL  200 

b«^rimantal  investigdtion&  of  the  inlet.  engir>e.  and  eihauet 
noiiie  of  a auperaonc  propui$«on  tyatem  are  descfibed  Eihiutt 
noiile  reauitt  a<e  preianied  which  are  compared  with  wind 
tunnel  and  flight  reaolis  to  aeaess  the  accuracy  of  flight 
meatuiements  Cornpansons  are  also  presented  for  rtonle 
performance  obtained  with  a cold  lei  a powered  turboiet 
simulator,  and  a solid  jet  fx>undarv  simulator  The  effect  of  the 
local  boundary  layer  on  no2zie  perlormarvce  rs  also  discussed 
The  need  for  good  dynamic  measurements  dunng  inlet -engine 
testing  « illustrated  for  transients  Such  as  inlet  unstert  and 
engir>e  stall  The  transient  nature  of  mlet  distortion  aryd  its  effect 
on  the  engine  are  presented  for  two  different  operating 
conditions  Author 


N72  16693*  National  Research  Council  of  Canada  Ottawa 
(Ontario)  Oiv  of  Mechanical  bngmeermg 

WIND  TUNNEL  TESTING  OF  V STOl  ENGINE  MODELS 
SOME  OBSERVED  FLOW  INTERACTION  AND  TUNNEL 
EFFECTS 

R A Tyler  and  R G WiMiamson  in  AGARO  inlets  and  Nozzles 
for  Aerospace  Eng  Dec  1971  12  p refs  (See  N72  16685 

07  28) 

Avail  NTIS  HCS6  00/MF  S0  95 

The  interpretation  of  force  measutfmenrc  on  V STOl  related 
models  incorporating  inflows  ar.d  or  outflows  is  discussed  in 
relation  to  investigations  concerned  mainly  with  (he  trdrisilion 
perlormance  of  hfl  fan  configurations  These  utili/e 
balance  mour^ted  powered  models  of  about  1000  hp  m the 
closed  test  section  of  a 10  ft  i 20  f*  V STOl  propulsion  ignnei 
Wrth  models  producing  strong  downwash  an  overriding  testing 
limit  arises  in  doted  wmd  tunnels  from  the  formation  of  a stat'ie 
Moor  vunoi  sysleui  due  tv  the  !r,tC.'3C?:0''  s»93''»tmn  model 

flow  with  the  mainstream  An  eipertmental  siuOy  of  tf«  s effect 
as  It  relates  to  downward  directed  lets  <s  described  Vodei 
formation  limits  are  correlated  m terms  of  a i^t  force  coetlicent 
for  a wide  range  of  let  mclmatior^s  to  (he  verheal  and  lor  both 
single  and  paired  jets  Interference  velocitv  measurements  with 
limited  data  from  the  mam  program  and  other  sources  are  used 
to  deduce  correspor^linq  tunnel  flow  breakdown  limits  These 
testing  limits  are  shown  to  be  sensitive  to  model  chaia-.;e(isii 

Author 


N72  16694*  LTV  Aerocpace  Corp  Dallas  Tet 
VECTOFiEO  THRUST  IN  AIR  COMBAT 

C R James  In  AGARO  Inlets  anri  Nozzles  for  Aerospace  Eng 
Dec  1971  8p  ref  (See  N72  1668b  07  28) 

Avail  NTIS  HCS600  MfS09S 

Advantages  of  ihrust  vectoring  m air  comoai  are  «v«iu9l«u 
usmg  a manned  an  combat  simulator  This  simulator  consists  of 
two  fighter  cockpits  hriked  by  digital  computer  driven  visual 
displays  which  present  each  pilot  with  a property  oiiented  <n  ige 
of  fhe  opponent  aircraft  Real  time  digital  compuiiUion  pem  >u 
each  pilot  to  fly  his  aircraft  anywhere  within  the  pertormano# 
and  strength  limits  of  (he  airframe  as  he  strives  to  maneuver  rntp 
posiliof^  to  fire  hi»  weapons  Engagements  include  three  cssef 
(1)  a baseline  conventional  fighter  l2l  a vectored  thrust  version 
of  the  baseline,  and  (3)  the  vectored  thrust  configuration  with  a 
1 f'OO  pound  weight  penally  The  conventiona)  figficcr  is  the 
I ■•rnmon  opponent  lor  all  engagements  Engagements  are  scored 
oy  teiairve  time  m advantageous  pos'tions  and  try  wm  lose  rfraw 
'ec'.Jts  Advantages  of  thrust  vectoring  are  guantihed  and  the 
sensitivity  of  advamagres  to  weight  penalty  is  rteleimmed  The 
eiperirtients  are  rtesenbed  results  are  summan/ed  and  analyses 
presented  based  on  aircraft  pertormancr*  parameters  Results  a'e 
also  COrrelalerJ  with  previous  eiprnments  Author 


N72  16695*  Motoreii  UmJ  Turijineri  UriKjn  Muericfien  (r  m tr  M 
(West  Oermanyr 

AERODYNAMICS  Of  THRUST  REVERSER  DESIGN 
W J Lewis  rHollS  hoyr  p Lirl  B'lSlo'  h ngl  i ,»iu)  H PfCi.lilijr  In 


AGARO  Inlets  and  Nozzles  for  Aerospace  Eng  Dec  1971 
lip  leMSee  N72  16685  07  28) 

Avert  NTIS  HCS6  00  Mf$0  9S 

For  a number  of  apptrcalions  the  clamshell  target  type 
thrust  reverser  is  an  attractrve  solution  for  producing  a braking 
force  from  a j0t  engine  Th>s  type  of  reveraer  consists  of  a pair  of 
buckats  which  in  the  stowed  position  form  pan  ol  the  aircraft 
fuaaiaga  or  engine  nacelle  end  ere  moved  mto  the  jet  ef1iu> 
downstrean.  from  the  final  nozili  to  provide  thrust  reversal  The 
important  geometric  design  paiameiers  can  be  determined  from 
consideration  of  the  flow  in  the  thrust  reverser  system  Theu 
affect  on  the  aerodynamic  pedorr-ia*ice  was  established  from 
model  testt  and  is  discussed  m detail  for  the  optimization  of 
the  operating  mechanism  m connection  with  fail-safe  requirements 
the  loed  on  the  bucket  end  its  point  of  application  is  imporieni 
and  IS  related  to  the  reverser  geomeiry  The  problem  of  hot  gas 
and  deb'is  mgcsiion  into  the  engine  mtako  is  pointed  out 
Several  soiutiuns  *o  overcome  this  problem  are  investigated 
together  witri  the  impitcations  they  have  fo'  performance  and 
desgn  Author 


N72  16696*  Socieie  Naiioi'aie  d Etude  et  de  Construction  de 
Woieurs  d Aviation  Villaroche  'franeci 

INFLUENCE  Of  CERTAIN  CHARACTERISTIC  PARAM 
ETERSON  EJECTOR  PERFORMANCE 

Jeen  Mane  Hardy  In  AGARD  Inlets  and  Nozzles  lor  Aerospace 
Eng  Oer  197)  1?  p refs  In  fflENCH  <See  N72  16605 

07  28‘ 

Avail  NTIS  HCS6  00  MES0  95 

The  opiimizaiion  paidi^eieis  tor  the  adaptation  of  an 
afterbody  are  presented  and  the  principle*  of  ihe  theoretical 
calculation  meihoO  for  ejector  perlormance  ar^'  cons'der.'d  A 
study  of  the  efiects  ol  geometric  parameters  on  internal  sod 
eite'i^ai  r>oz/ie  periuiman.e  iv  revieweu  based  -on  the  results  of 
liieu'eb'.a!  e.pw.-.rr.cr.tc:  :a)C-'2!’0''S  Th#  ^n»»fr^4^  arlsptat'On 
of  the  ejector  was  investigated  as  weii  as  the  cI-uilc  of  position 
for  secondary  vcntiiaii^  . considering  the  urfeci  of  hot  gas 
Optimization  of  global  perform  tnce  by  choosing  ihe  value  and 
form  of  the  ejector  sernon  are  also  presented  Several  theoretical 
and  eanerimenial  results  are  given  TransI  by  K P D 


N72  16697*  Royal  Ancraii  Establishment  Bedlord  (England) 
SOME  APPLICATIONS  Of  BOUNDARY  LAYER  CONTROL 
BY  BLOWING  TO  AIR  INLETS  FOR  V STOL  AIRCRAFT 

) M-..G»egor  In  AGAR. ' inieis  and  Nozzles  for  Aeiospact*  Eng 
Dec  1971  Up  refs  See  N72  16685  07  28) 

Avail  NTIS  MCS6  00  '4f  $0  95 

Tl>e  use  uf  icl  blowing  as  a means  ot  ixjurKJaiy  laye*  conbui 
in  mtakes  appears  to  na>s  several  a-ivauiagea  for  V STDL 
aircraft  The  principles  involved  are  discussed  giving  two 
evampies  a two  dmtensional  inlet  under  static  conditions  and  a 
ducted  lifting  Ian  at  low  forward  speed  bom«  results  ul  the 
effects  of  sfoi  biowmg  on  Ihe  behavior  of  th®  miaSes  of  a model 
of  a V t>T0l  strike  uircrah  at  subsomc  speeds  are  presented 
end  compared  wlb  those  otitamed  using  a naturally  atpirateri 
Suction  bleed  ft  is  concluded  that  boundary  Icye'  control  by 
blowing  could  lead  to  a small  impfovemern  m ne*  thrust  and  a 
Significant  reduction  m flow  diStoHiOn  at  entry  to  Iht  COmpre*^SOf 
Serisitivity  of  intake  performance  to  incidence  is  also  much 
reduced  Autiipr 


N72  16698**  De  Havilianrl  A.iciaH  Co  Ltd  Oown^vlew 
■Oniano* 

SOME  ASPECTS  OF  PROPULSION  FOR  THE  AUG 
MFNTOR  WING  CONCEPT 

U C Whittley  In  AGAHD  InieiS  and  Noz/ies  iO»  Aeiuspacii 
Eng  Dec  19  71  14  p refs  Sponsored  m pan  l»y  NASA 

Oeion'-T  Res  Brjarrj  of  Canada  and  Canadian  Depi  tji  ind  iSee 
N77  if>G85  01  ?8j 

• NASA  OR  17S540'  Avail  NilS  CSCl  ?H 
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Mtnv  modern  corceptf  Iqt  STOL  »nd  V,  STOL  ••rc*»h  lely 
on  «nt«9r|tion  of  lf>«  p >pu»»K)fi  ipnth  wir»^  lO  cr««t« 

f'H  ood  li»>0¥*n  •«  pow«fOd  lift 

coo  #pl*  A tlu<>v  Of  pow«t«d  lift  concerning  mfr>«gem«nt  end 
control  of  |t>«  v«nOo»  pfO{>ol|»ve  *t»eems  or  |«i-  * pro*ent#d 
•ich  concept  hevmg  its  0%n  perlicvitir  OLjectnre*  in<j 
^•qolr•m«n^•  Some  specific  oCnecfive*  of  if^re  kmd  ere  described 
which  reUie  to  lh«  Sugmcntor  wmg  G>niideritK>n  ts  given  to 
three  espectt  of  the  tobtect  n»rr\eiv  fbe  iugrneoior  flep  iteetf 
Wind  docurg  end  augmentor  pnmefY  noai  e end  the  choice 
of  powerpient  or  engine  cycle  More  genereffy  cofhmenu  ere 
rr\ePe  legerding  r>oiM  etienuetloo  errd  the  proepect  for  echievir^ 
4 k>w  overeii  noise  level  (or  let  STOL  eircrett  of  (he  future 

Author 


N72  1C699e  Aolls  Rovce  Ltd  Derby  (Cr^gleruj)  (ngioe  Orv 
RAPID  MIXING  N022L£S  FOR  V STOL  APPLICATIONS 

C M Oestery  /n  AGAPD  i>^ieis  end  Nozzles  for  Aeroeotce 
Errg  Due  197t  lip  >efi  I See  N 77  1 6685  07  28) 

Avail  NTIS  MCS600  MFS0  95 

il  (he  meiimum  poteniiei  of  e V'STOL  eircreh  is  to  be 
echieved  it  must  capable  of  operatirrg  frorr>  a verity  of  both 
prepared  and  unprepared  irtet  The  use  of  high  thrust  to  weight 
>ltio  |6t  lift  ehgiofs  with  convergent  ur  annular  noziles  restricts 
this  capability  due  to  ground  erosion,  debris  end  hot  gas 
recircuieion  ervd  r%oise  Model  end  full  Kale  tes.s  derr^i^nstreted 
tf«e  berrelits  to  be  obteined  Irom  the  use  ol  rapid  mixing  nozzles 
wrth  acceptable  thrust  lost  end  engine  length  penalties  The 
scope  ol  the  investigation  extended  to  an  eiammetion  ol  the 
p3;s;fc:!:t!SS  0*  »hr*j5i  vArtormo  end  of  the  r.erformervce  Of  (hfuSt 
augmeniors  using  rapid  miA>r^g  noxilet  Author 


N72  l6700i  Deutsche  Forschungs  und  </ersuchsens(ait  fuer 
Luft  und  Raumfehri  Brunswick  (\Afeil  Germany)  lost  fuer 
Uihsaugende  Antriebe  Eng  0e<*  1971  10  p 

THE  PROPULSION  JET  OF  A VTOL  AIRCRAFT 
L Schwantes  In  AGARO  Inlets  and  Nozzles  lor  Aerospace  rets 
ISee  N72  16685  07  28) 

Avail  NTIS  HC  SeOO/MF  $0  95 

The  (hies  regions  ol  a venical  lakeoll  prop'  'Son  iei  (the 
free  |«t  the  wall  jet  and  the  zone  ol  separation  ol  the  wall  jet 
from  the  grourv)  d ie  to  wir>d  ellecis  ar>d  buoyancy  forces)  were 
investigated  with  a three  dimensional  model  jet  Behind  the 
convergent  ihe  «ei  accelerates  uo  to  supe'sonic  ve'oc«ty 

rr^amlaining  the  core  nearly  live  nozzle  diarr.eters  Because  of  the 
lower  iiirtjuiervce  ol  the  jCt  with  high  spiked  jet  decay  and  the 
three  dimensional  spread  are  lower  than  those  of  the  jet  wth 
small  nozzle  velocity  At  the  hoi  wan  jet  there  rs  a strong 
influence  of  nozzle  dr*  ance  from  the  ground  or  veiocit/  profile 
The  decisive  paraniet-  r characterizing  the  recircuiatron  flow  is 
the  rad'ur  ol  separation  of  the  wall  jet  from  the  ground  The 
t>ehav>oi  of  the  radius  ol  separation  lor  dilfeieni  jet  pararr>eiers 
anej  several  wind  velocities  rs  presented  Author 

N72  16701r»  Voi.  Karmen  lot!  for  fluid  Oyrarmes.  Rhode 
bamt  Oenese  iBelgiumj 

FLOW  ANALYSIS  IN  AXISYMMRTRIC  SUBSONIC  INLETS 
OF  SMALL  GAS  TURBINES 

P M C>al>et  !n  AGARO  Inlets  and  No/zles  lor  Ae/osp;  .€  Eng 
Dec  1971  15  p ref..  Prepared  in  ■•.aoperatiu  1 with  Ecole 

Hoyale  Mililaire  'See  N/2  16685  07  28) 

Avail  NTIS  HCS60O  MFS095 

Corm-lic  Med  axiSymmetnc  an  miai*  a»v  u»«d  imall  g3S 
lurbini  s thus  diMvirbmg  the  flow  at  the  cornpressor  entianr".*  A 
ttreamlifie  curvature  meiiiod  to  calculate  the  Dow  m the  jiassage 
and  at  ttie  comt.fesso'  eye  is  jjroseni  *d  A uriiversai  ihenry  t>i 
the  fJisuorit'rT'iiti*:s  ol  f uivdluro  was  aiifilied  ArJ'litional  .ll■•fll/lus 

rxzur-.Jjry  layer  . al..tjldl-OnS  rnaf  helji  m the  analys-s  of  a 
char>nel  Sjme  fcij«r>i-ni#*rujl  and  tfieoielical  results  aro  stiuwn 
whi'.h  ter'U  to  oOf'li'iii  tt  •?  validit,  ol  Itie  Ihooiy  Aulfior 


N72  1S702#  National  Research  Courtcii  of  Canada  Ottawa 
<Oniar«oi  Div  of  Mechanical  Engirseer  ng 

FLOW  DISTORTION  ANr  PERFORMANCE  MEASURE 
MENTS  ON  A 12  INCH  FAN  IN  WING  MODEL  FOR  A 
RANGE  OF  FORWARD  SPEEDS  AND  ANGLE  OF  ATTACK 
•CTTINGS 

Owe  W Schaub  and  Robert  W Bassett  / 1 AGAH'J  Irrlets  and 

Nozzles  lor  Aerospace  Eng  Dec  197  1 19  p refs  (See  ■ 

N72  1668$  07  28) 

Avail  NTtS  HC  SGOO'  MF  S0  9S 

The  model  compns:ng  a 12-m  diameter  fan  burred  m a 
NACA  COlS  section  wmg  with  a cunsiar>i  chord  of  40m. 
was  if^siad  at  vanous  angles  of  attack  arn)  yir  speeds  m thn 
lOaTOfi  closed  propulsion  wind  lunrrel  Tunnel  mterler-^nce 
cor*eciK>ns  were  estimated  Typical  corrections  were  indicated 
lor  the  whole  tasting  range  which  became  limited  at  very  low  \ 

crossflow  ratios  at  a raiult  ol  uncedauity  m the  coneclton  m j 

angle  of  aiiack  Flow  oistodion  due  to  crossflow  occurred  m I 

both  the  mtet  and  exti  plarres  In  the  crossCow  ratio  range  zero  | 

to  0 27  inflow  distortion  was  observad  to  be  velocity  distortion  ! 

at  essentially  constant  total  pressure  whereas  outflow  disiorttci- 
appeared  to  be  a distortion  of  the  exit  plane  static  pressure  field 

Author 

N72  16703«  Boeing  Co  Seattle  Wrth  { 

the  DESIGN.  DEVELOPMENT.  AND  TESTING  OF  A j 

SUPERSONIC  TRANSPORT  INTAKE  SYSTEM  I 

E Tjonnaland  in  AGARD  inlets  and  Nozzles  'or  Ae>ospace  Eng  I 

Dec  1971  17  p left  lS«e  N72  16685  07  . di  ' 

Avail  Nils  HC$600  Mf$095  I 

The  performance  cnieria  including  engine  airflow  maichiog  | 

requ*remenis  of  an  ax«symmatnc  mixed  compres'.ion  intake  lo<  a 
tuperson<  transpon  appi»ca’ion  are  described  and  related  to  the  ! 

seier^rmn  nf  th«  deS'on  features  Of  the  miake  variable  geometry 
components  ViscOjS  technology  »s  applied  to  the  des'gn 
development  of  (he  boundary  layer  control  sysiem  to  account  for 
Mitaea  viscous  interactions  «nd  lu  scale  model  resuMs  to 
full  scale  designs  Small  low  angle  bleed  holes  20  deg  to  the 
aurfece  yield  higti  How  coeflicienis  Ho<e  diameters  ol 
epproximateiy  hell  the  height  ol  the  boundny  layer  displacement  1 

thickness  are  used  to  improve  the  cleanliness  ol  the  cupersonic 
diHuser  flow  and  10  manmize  pressuie  recovery  of  the  bleed  air  ! 

Vortex  velvet  err  incorporated  m § fluidic  normal  shock  stability  I 

System  to  allow  operal«or>  at  peek  intake  re  overy  and  remain 
started  during  atmospherK  or  engine  irensients  Author  I 

i 

N72  I6704f  National  Gas  Turbine  Establishment  Pyesiock  ■ 

(Englerdi  Engme  Test  Dept  ! 

FREE  JET  TESTS  OF  A FULL  SCA>F  SUPERSONIC 

INTAKE  ENGINE  COMBINATION  | 

P F Ashwood  Ir  ALiAHU  inieis  and  Nuiriev  lui  ^«<o»pacc 

Eng  Dec  1971  i9p  refs  (See  N72  16685  07  28)  i 

Avail  NTIS  HCS6  00  MF$0  95 

Results  are  presented  I'om  an  eiperimentci  investigation  on 
a full  scale  Concorde  power  plant  m S It  x $ h free  jet  test 
lac'l'ty  to  I'^vestigc^ie  mteKe  en^i-ne  compatibility  ai  superso<nc 
speeds  unde'  tx>th  stead  sta'e  ai  J transient  ronditions  Trie 
mam  aim  of  the  *est  prugrarn  was  to  study  the  liehaviO'  (•*  the 
power  plant  wtien  running  «mde>  the  control  ol  its  flight  systems 
■n  particular  during  the  transients  tha'  res-jli  from  the  sudden 
application  ol  Side  Sirp  O*  from  repuj  engine  pov  er  Changes 
Initial  tests  with  itie  intake  alone  enabled  surveys  to  be  made  of 
the  engine  face  pressure  cjisiribulion  an'1  lluCtuaiion  over  3 wide 
range  ol  test  rood  ItOriS  The  nidjor  part  C!  the  pmqr*^  was 
undertaken  with  an  OlyrnpuS  593  two  spool  lurlTuint  engine 
coupler)  lu  ll>e  intake  m a te>t  coriligurat  on  wlucft  leprcHlucad 
the  piecisp  geuM  et'Y  ol  the  port  outer  power  plant  ol  the  * 

prototype  Concriide  aircrsit  Author 

N72  t6705»  Bn’is.i  Aircralt  Corp  r iltori  lEnglandi  (^jmmerciai 
Aircra':  D'v 

CONCORD*  POWERRLANT  DEVELOPMENT 

(.  5 leyin.  . and  D I’  Momss  lr\  A(jAH1)  Inlets  «ind  Noz/let 

lui  Aeiosp-i- ■:  tny  Cj-M.  ly/l  3?  n ‘ds  1 Sfi;  N/2  16005 
07  28 

A/aii  NTIS  MC$OOC  Ml  $095 
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The  development  of  the  Concoide  powt*  unit  descnbed 
with  penicuie>  reference  lo  fhe  proDierris  encountered  during 
firghi  tesirng  The  extent  tu  ^hich  these  problems  were  predicted 
by  eititude  test  cell  experience  end  the  use  of  such  facilities  m 
the  development  ol  the  design  a'e  also  d>scussed  Author 

N72  16706x  Boe  ny  Co  Seattle  Wash 

control  concept  and  wind  tunnel  testing  oe  a 

SUPERSONIC  INTAKE  CONTROL  SYSTEM 

H N Larsen  and  G Schweikharot  /n  AGARO  Inlets  end 

No22les  li'.r  Aerospace  £t\g  Dec  >97 1 23  p rel^  (See 

N72  16685  07  ?8l 

Avail  NTIS  HCS6  00  MTS0  9S 

The  control'er  ts  independent  ol  other  intake  controllers  and 
of  airplane  data  systems  Dunny  sladed  intake  operation  throat 
Mach  number  controlled  with  a translating  cenierCxDOv  and 
variable  position  cowl  throat  doors  normal  shock  position  is 
controlled  with  secorvdary  an  valves  and  ove'board  bypass  doors 
Thf^e  two  Luniroi  ii>ops  use  intake  duct  pressure  rano  sigi  ^ls  lor 
teeduack  The  desired  iwessure  ral'O  reference  value  iS  scneduled 
with  ce'<ierl>u<ty  position  anri  tiiaserl  with  mlake  controller  error 
signals  to  piovide  Icr  varying  miake  Mach  number  and  angle  ol 
SKleSlip  Usiny  vortex  vaNrrv  as  an  f*u«iharY  norrnal  shock 
itaijililv  System  model  test!  showed  llai  the  controller  can 
maintain  peak  intake  recovery  while  accominudatiny  the  requ«ed 
disturbances  Hot  and  cold  day  engine  intake  air  flow  matching 
IS  automalitdiiy  (.onlroHetJ  wnti  mcrea/eO  Secondary  valve  au 
flow  <jr  an  miaki;  a<  ('vated  eriyme  rprrt  trim  i.ontro:  An  externat 
I OmpiesS'Or'  niode  which  mamia'hs  sialile  miake  ai'  flow  with 
low  compfcsvof  face  distortion  iifovides  for  u»isiade<l  sup*  'Sonic 
intake  operai'Uh  Auinor 


N?2  16707*  Geiiu'u.  O.romics  fort  Worth  Ti.-i  Convair 
Aerrtspace  0<v 

AN  AERODYNAMIC  ORAG  STUDY  OE  JET  ENGINE 
N022LES 

Dave  Bcryma'i  fn  AGARO  iniuis  and  Nu//icv  for  Aerospace 
£ny  De<.  1971  Up  refsiSeeN??  l6bB5  07 
Avail  NT  S rtc  $6  00  V>  SO  95 

Tir  ai-i  no/;ie  analuis  m areas  where  anolvhcal  methods  are 
lar  Xing  a wind  lufuiei  proyrarn  w.»s  condocier)  to  investigate  a»^d 
rnedSuie  the  external  drag  chai<»rt(>iisiiCS  of  several  r>o//les  dt 
tiotfi  on  anrj  oil  'jr'SKjn  i.'xhai^si  con'hiion^  This  study  involves 
uov/ips  ()l  Ihv  L I'uieftiorlv  plug  ihf  cofiveryeni  and  the 
LOfivi.-iyr-nt  ijiveiijeni  Ivt'hS  fluw  ih'Ouyf'  na»  clic  no/des  and 
sol*''  wall  »ei  friurnc  Sui  iii jio  s cach  used  fierpieriiiv  tn  airplane 
mo'ii  : tests  wore  mduderJ  oi  itie  proyrarti  HesoMs  sf'ow  ta-ge 
v,ha'Mp*s  111  e«ti;iiidi  drjy  with  variations  m exhaust  flow  and 

*i«s-iii»r  MIL-  i«;hrt»iC:  cf  iCt  3'^'} 

effe*  IV  Ttie  u»miMv  olsu  (jr'jvide  ir»V'<jhl  iiitt»  rneltiorfv  for 
si'iit<iaiiug  eifidust  Mow  r fl'”  ts  uri  duplaoi'  nn;rli  ls  wtu'.li  lo  riot 
ih', i»i|M/r ai ••  Mi.iti  ;iu'  sijiir  r’xhjuvt  How  Auir»or 


N72  16708*  8i'i  isti  Ai"»dM  Cof[}  Provtoi.  ■-Lmjiaii'fr 

JET  EFFECTS  CN  BOATTAU  PHE5SURE  DRAG  AT 

SUPERSONIC  SPEEDS 

J A P Storf'lan  in  A(jAH(j  Inlets  and  N<^//lv;v  lo»  Aeruvp.irr* 

(riy  0e»  1971  l>|i  rels'  5r*e  N7i'  18685  0 7 2Pr 

Avail  NTIS  HCSbOO  Ml  $0  95 

An  analySi'.  i-.  tircsi'i'lprf  (d  ♦rrS'.'Hi'  h'jaitail  (rievsure 

drag  niedViiu'inc'ils  i‘>  dn-  it  ViiM|h-  O'  twill  i>f'ipolSiv? 

|»*ts  US'lig  'riMO.'cl  I ,jl  HI-.lSi'  l |PU•SS  lM•  ‘|lS(MlMlll'r  >S  .»S  r «ldlu.u 
the  lei'easL  »■  tumi-iii  (l•••ssl|'••  'l•,l■|  . •••••'  <,  «».  n,,  | 

pu*s«,.,, iio  s' >'»  wn  1 ' I ! I I ' .1 . 1 1(  I-  .*  r fii • I irHe '»-u.  I 

liplwer'ii  till-  HiedSii-r<]  lids»'  Jiu-ys-in-  tii-ll  i i»-rii  ;i|.|  .)  «■ 

r-dS*  it'rss'i'*'  ■ ijiri' G’.,  . ...  f.j" 

mi'i  (W*i  g"  j{»'i  UIO;  vl  will.  ti  imIh'' ''.'O  'I  l'•■J•fl  sl">''gr’> 

intlljfM'  *•  of  |h*‘  I |")J|<|I'- IV  I*  |l'!  fl  tJl  till*  l»f'-,«'.  ( JHi  nl.H  Hill', 

ol  'neasou’d  Ims*.-  iiu-',vi'»  • urMi  ^:l■l  m I'ln  j.'-vr"*-.**  o*  ,i 

P'Opl’Swr  I'-l  .yii'  ( ,1  •••.<1  it  ml  I'ji  I ....VI  0||'||I  -»I-  J « oil  :f 

.'i;,  '/ir',  Arittiu 


N72  16709**  National  Aeronautics  and  Space  Administration 
flight  Research  Centei  Edwards  Cahf 

A FLIGHT  INVESTIGATION  OF  STEADY  STATE  AND 
DYNAMIC  PRESSURE  PHENOMENA  IN  THE  AIR  INLETS 
OF  SUPERSONIC  AIRCRAFT 

frank  W Burcham  Jr  and  Donald  R BeHman  /n  AGARO 
Inlets  and  No//ies  for  Aerospace  £r»y  Dec  197  1 12  p refs 

(See  N72  >6685  07  28> 

iNmSA  TM  X 6749SI  Avail  NTiS  CSC.  200 

the  riiffitoliy  of  achieving  adedoaie  mlet  performance  and 
stability  tnj  avO'Oiog  engine  comprevsoi  stalls  ai  tupe'SOnic 
speeds  has  led  to  the  investigation  of  pressure  phenomena  >r\  the 
•nieis  of  several  supersonic  aircraft  Results  of  tests  with  the 
f I11A  airplane  are  preser>ted  showing  the  mlet  steady  stale 
and  dynamic  performance  The  mlet  total  pressure  distort. Oi  that 
causes  compressor  stall  -s  dist  ussed  and  the  reouirement  foi 
high  respof'se  mstiurnerilaiion  is  demonstiatetl  A iluui  resonance 
etKCuniered  at  Mach  nun>t>ers  near  2 0 'S  anjly/etl  ar^d  St'own 
to  t- • due  to  j nom»al  shock  oSLiiiahOrr  at  the  dud  lundanrentai 
frequency  Aru^iher  type  Ol  resonance  m the  engine  Ian  duct  li 
shown  to  tie  a possible  cause  of  reduced  enyirie  Stall  margin  .n 
aherbornmy  opeianon  Plans  for  a comprehensive  mlet  study  of 
the  Yf  12  airpiar'e  are  disrussed  including  flight  tests  and  lull 
scale  1 3 scale  and  1 1 2 scale  wmd  tunnel  t*!Sts  Author 


N72  16710*  Au  force  flight  Dynamics  Lafi  Wright  Pallerson 
AfB  Onio 

SUPERSONIC  INLET  PERFORMANCE  AND  DISTORTION 
DURING  MANEUVERING  FLIGHT 

I E Surher  a**d  0 J Slava  In  AGARU  Inlets  .tnd  Nozzles  for 

Aerospace  Eng  Dec  I ' 18  p 'Cl.  iSee  N72  16685 

07  ?8- 

Ava.  NTiS  M<;$b00  MfS0  95 

Several  po'*sitjie  vehicle  co'diguiations  a'c  presented  and 
i>'>uu>>Ld  tv  vv-'-:  _nlv3''» ^n.t  rtisarlvaniaoes  ir^ 

terms  of  airl'amc  iniet  imeg'dl'On  am)  uiibviuu  a.v,oinplisfiriicnf 
Featu'ns  of  the  fo»«rl>oJy  ar>d  lo'cb'Jtlv  wing  cOnfigufdl'Ons  a'P 
presented  together  witli  wmg  tunnel  lesi  'lata  comparing  the 
•niei  How  fields  of  these  rr*.rdeis  Tcchr'igues  are  described  for 
design  a*'  .nleis  for  the  airl'an  e Mow  fields  M als«r  des. fires  the 
instiurr'ei'ljtiu'*  empioyerl  to  docuu»er»i  miel  performance  Air 
•nlet  performance  and  duct  Mow  dislorlion  from  wind  luonel  tests 
of  Oiile*ent  model  tJesigns  arc  cumparetl  lu  show  tfie  cMect*.  of 
a*'C'all  geom»'trv  air  mlel  design  arwl  rnaneuver  (.oriibon  C/vCi 
ir»e  0 6 H>  ? 5 Mach  rn;int)Cf  'airye  Author 

N72  16711*  P'dli  and  Whitney  Aucralt  West  Palm  Br.'dcfi  Ha 

INlET  'ngine  compatibility  analysis 

S H f ii-s  //*  AGARO  iiiieis  .iml  Noz/lfS  fur  Aerospace*  £n(^ 
Dei  1971  lO(j  iels‘SDi'N72  1668507  28i 
Ava-i  N Ilb  tti.  $0  Mf  50  3L> 

l»M-  d»'Slat>il'Zing  laCirjrs  considr.'reri  in  cornpaiitulilv  a'»aiy’''V 
ai»-  -evH-WL'l  iristiu'ufcr.talicin  .i''d  tesi  lecl.nuiiii's  an-  d;S'.usS(  'I 
arid  «*ia'ri(>lev  ol  i.urnpalilulil  * ilaia  Af*"  g'vi*i»  h»i  a p'otmiviun 
SySi*'r"  '.unsi^lirig  ol  a sut^ersoi'u.  mlet  amj  a lurbufaii  eriyine 
Ihe  i.rinidiy  rl«*si.?tjil:Z mg  la'  tof  imi't  fJisUMiiof  IS  mi  asnieO  witli 
fnqt  '♦•SIKriiSi*  Hisl  lurm-ntati'j'i  * a{>  >f'le  of  U**S«  nl.uig  i.Oinplei 
t.n.vvjiiaii  .)iM.i.-tion  pdllt'irJS  Ipr  inauin*i"i  I'ine  vHimni 
fhSl-»rti*mS  (!»*I  -'uiHnd  hr_;ii«  ii.iili'l  luli.'l  lirsis  an-  s irr.i  il  a I P') 
iJufi.'irj  • on>|ion(‘(ii  ind  rnijinr  li’blmg  l-J  'Jflmr.*  Injlti  lOSS  m Sl-lM 
uirt'giu  W'lti  JiStnMn>n  and  lin*  atlunuat'C*"  c>l  'hslortiori  as  *1 
;ias*»:s  'tinMjgh  ihe  eiupne  Tfie  losses  m stall  margin  due  to 
1 a-isi's  Siu-h  uS  itnolMe  I'a.n'.icfis  runtir)i  tuiprari'cs  and 
. ori;|M>fM-t.|  ,ff.  »..ll/r**'1  liy  flvi*  irm*  Mm- 1 1^1 >f  fo 

Ill,  iioipntial  systim  |m»liinnis  ii'iu'  lo  sySieni  leslmg 
A||<-uIi'im  •'  f’l*  usprl  ur'.  |i')lRi>l'dl  problems  by  < on)()dlibil 'ty 
.idiis  If. at  sh.-iw  me  aimn  ul  >ian  maigm  ficiwccn 

■ I ‘SPlb'liZi. >‘J  iul:*jr  .'I  es  .nwl  i-|«*n|ilv  *ue.is  wlu-f»-  compi .inp it 
:rt)(.iow*‘ii*rnt  iS  iie<*'Jeil  AmUmji 


N72  16/12*  Pni-o-.n.,o  'Ji  Midfio  'Hal,’  Is*  <li  Ma'Hu'.n 
ON  THE  APPLICATION  Of  A TIME  DEPENDENT 
Tf  CHNIQUt  IN  TRANSONIC  OOUBLf  f lOW  NOZZLE 
SOlUTIONS 
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Zj'Io  «Ad  Enn»o  Macchi  In  AGARO  Inlets  in<j  floflles 

fo<  Aerospace  Cnc;  Dec  1971  15  p rels  (See  N72  16685 

07  281 

Avail  NTIS  HC  $6CX)Mf  SO  95 

A computer  program  was  written  vvhlC^  was  able  to  solve 
airSymrr^lrK.  mviSoO  (luws  <.ur<ieniporarilv  irrespective  ol  tbeii 
subsonic  trar>so'i-^  or  Supe>  wonic  nature  Some  results  relating 
10  a ‘.ransonic  n ,^iie  and  a subsonic  ooubie  flow  noazie  are 
pretenteo  and  compared  with  e«per<mentai  data  AutKor 


M72-16713a  Office  Natonai  d Eludes  et  de  Recherches 
Aerospetiaies  Parrs  (Erancei 

VELOCITY  OI8THIBUTION  AT  A SUPERSONIC  COMPRE8 
808  INLET 

Bernard  Ledoua  and  Roge'  8agoi  In  AuAHU  irJeis  and  Ko/iles 
for  Aaroepaca  Eng  Dec  197  i 10  p in  FRENCH.  E.Ngli$h 
aurriiTiarv  <See  N72  1668S  07  28) 

Avail  NTIS  HCS6  00  MFS0  95 

A direct  rnethod  IS  deirved  in  wh  h the  ideal  compress'bla 
flow  in  thj  duct  IS  estabitshed  fro<  the  duct  arv]  the  cowl 
shapes  Ttie  corr^puted  pressure  drsuibutions  sre  compared  with 
those  on  the  eiternal  shroud  and  cowl  during  wind  tunrtel  tests 
The  volocitY  distribution  m the  duct  is  deducted  An  indirect 
method  rs  also  oresented  Starting  frorn  the  pressure  distribution 
on  the  esiernai  wall  and  laadmg  to  the  flow  field  The  calculation 
•s  checked  by  comparing  the  streamiirYe  corresponding  to  the 
set  up  inlel  with  the  front  cowl  meridian  shape  Author 


N72  10714a  AS  Kongsberg  VapenfabnLk  (Norway!  Gas 
Turbine  Oiv 

THE  ANALYSIS  OF  A SUBSONIC  AXISYMMETRiC  INLET 
FOR  COMPRESSOR  MATCHING 

R E Stanley  M AGAHD  inlets  and  Not/ias  tor  Aerospace  eng 
Dec  1971  13  p ref  (See  N72  16685  07  28) 

Avail  NTIS  HCS6CX)  MF  SO  95 

The  measured  veiooty  distribution  (or  the  or.gmai  inlet  is 
compared  to  the  diitnbuiion  obtained  by  a method  of  numerical 
analysis  It  is  shown  that  the  fevorable  results  of  this  comparison 
led  to  the  developrrveni  of  the  inlet  by  a nnathod  of  numerical 
analysis  irr  prefererxe  to  a model  testing  technique  The 
recomrT\endations  are  presented  together  with  the  results  of  an 
e>perirT>enial  analysis  of  the  redesigned  miei  configuration  The 
rmethod  of  compressor  matching  ts  touched  upon  Author 


N72  16716s  Office  National  d Etudes  et  de  Recherches 
Aerospetiales  Paris  (Frar^cel 

STARTING  CONDITIONS  OF  A MIXED  COMPRESSION 
AXISYMMETRIC  HYPERSONIC  INLET 

Q Laruali#  arid  J Leynaen  in  AGARO  Inlets  and  Nozzles  for 
Aerospace  Eng  Dec  1971  9 p refs  in  FRENCH  ENGLISH 

sun^mary  iSe«  N 72  1 6685  07  28) 

Avail  NTIS  HC  S600/MF  SO  95 

An  improved  diagram  including  an  elementary  representation 
of  the  rnieraciion  phenonerion  is  used  8y  means  of  ihia 
diagram,  test  data  on  axisymmetncai  mlets  ai  high  supersonic 
speeds  aie  discussed,  and  the  nliuer.ces  of  some  parameters  ere 
calculated  Author 


N72-10710#  Off»ce  National  d Eiude:^  et  de  Recherches 
Aerospetieies.  Pens  (France) 

THEORETICAL  AND  EXPERIMENTAL  STUDY  OF  THE 
COEXISTENCE  OF  TWO  TYPES  OF  FLOW  IN  A CHANNEL 
WITH  CONSTANT  CROCS  SECTION 

JecQues  Paulon  In  AGARO  Iniets  and  No22les  (or  Aerospace 
Eng  Dec  1971  12  p refs  In  FRENCH.  ENGLISH  summary 

(See  N72  16685  07  28) 

Avail  NTIS  HC  $6  00/ MF  SO  95 


A two'dirrvensiooel  ard  en  asymmetrical  set-up  of  very 
stmiier  cherecienetics.  were  boUt  to  study  the  coeirtterKe.  m a 
conaient  eectioh  duct,  of  a supersonic  (et  inside  a subsonic  let 
The  expenrnentel  enelytis  of  the  Row.  mede  from  pressure 
reidinge  on  the  wells  end  irts*de  the  Ruid.  led  to  cheracterumg 
the  eciuel  limits  of  the  two  Rows,  end  else  the  trensdon  domain 
betwean  them  In  the  two  OirT>ensionei  case,  the  schiieren 
v«uelizetiO'.)  of  the  Row  confnms  the  meesurements  Tne 
ttworeiicef  enelyse.  besed  on  the  method  of  characteristics, 
confirms  the  penelt*  readings  The  meximurn  flsnog  section 
differs  from  the  some  section  of  the  exiernei  flow.  wh>ch  may 
lead  to  faulty  predictions  m the  case  nf  a contoured  eiecior 

Author 


N72- 1671711  Techn^che  Hochschula  Aachen  (West  Ciermeny) 
lr\st  fuer  Strehlentriebe  und  Turboorbeitsmaschmen 
A NEW  CONCEPT  OF  THE  INLET  OESIG  AND  OF  THE 
thermodynamic  cycle  of  the  TURBOJET  ENGINE 
AT  HIGH  FLIGHT  MACH  NUMBERS 

W Oetlmenng  end  B Becker  in  AGARO  Inlets  and  Nozzles  for 
Aerospace  Eng  Dec  1971  10  p refs  (See  N72-1668S 

07  28) 

Avail  NTIS  HC16  0O/MF  S0  96 

At  high  supersonic  speeds  the  efficierYcv  of  the  inlet 
strongly  depends  on  the  diminution  of  the  Mach  number  before 
the  ry>rmel  shock  Theoreticel  investigations  show  that  this 
dacaiaration  can  be  increased  by  reptacing  the  iniernal 
compression  m iha  biadeiesa  channel  b*/  a supersonic  rptor  Due 
to  the  deceleration  of  the  lelaiive  flow  and  the  inc<ease  of  the 
circumferentiCi  velocity  from  rptur  inlet  to  outlet,  a «igmficant 
augmentation  of  the  static  pressure  ratio  is  achieved  Moreover, 
the  Mach  number  can  be  decreased  by  the  transfer  of  mechanical 
anergy  to  the  roto>  After  the  transition  to  subsonic  velocities  m 
(he  stator  the  energy  was  returned  to  the  flow  either  by  a 
conventtonef  compressor,  or  by  a second  supersonic  rotor 
accelaratmg  the  flow  between  the  combustion  chamber  and  the 
ooule  Static  pressures  end  temperatures  m this  lurboiet  engine 
wh*ch  operates  with  subsonic  combustion  are  comparable  to 
those  of  the  supersonic  combustion  ramjet  Author 


N72*  107181  Messertchmiil  Boelkow  Blohm  GmbH.  Munich 
(West  Germany) 

WIND  TUNNEL  INVESTIGATIONS  OF  A SUPERSONIC 
AIR  INTAKE  WITH  VARIOUS  AUXILIARY  INTAKES  AT 
LOW  SPEEDS 

Herbert  Eibl  ar>d  Remhard  Fnedrichs  (DFVLR  Brunswick)  In 
AGARD  Inlets  and  Nozzles  fur  Aerospace  Eng  Dec  19  71 
12  p (See  N72  16685  07  28) 

Avail  NTIS  HC  S6  00/MF  SC  95 

In  the  )ow  speed  tunne).  model  tests  were  earned  out  on  a 
tw*n  angina  aircraft  ccn?:gu:et:or;  with  ssr  'ntekes  loceted  on  ?h«» 
upper  tide  of  the  fuselage  next  to  the  trailing  edge  of  the  wing 
The  meesuremenis  refer  lo  the  flow  field  m the  compressor  mlet 
area  of  e supersonic  intake  at  which  the  influence  ol  auxiliary 
lAiekes  of  difterant  shapes  were  investigated  The  results  are 
presented  es  isobars  of  the  total  pressure  distribution  m the 
compressor  inlet  area  The  pressure  loss  and  distortion  parameters 
ere  dtscussed  strongly  dependent  on  the  inflow  incidence  and 
on  (he  intake  Ilow  mainstream  ratio  Author 

N7?  21019*«  National  Aeronautics  and  Space  Administration 
Lewis  Research  Center  Oeveland  Ohio 

TECHNICAL  EVALUATION  REPORT  ON  PROPULSION  AND 
ENERGETICS  PANEL  38TH  MEETING  ON  INLETS  AND 
NOZZLES  FOR  AEROSPACE  ENGINES 

Oevid  N Bowditch  and  Rodelfo  Monti  (Naples  Univ  ) Pans 
AGARD  Feb  1972  6 p refs 

(NASA  TM  X 67741.  AGARO  AR  41)  Avail  NTIS  CSCL  2lA 
The  epplicanon  and  use  of  mlets  and  nozzles  m aerospace. 
'*•'  STvL.  end  (lypeivutnv  piuvuivun  ayviemv  ore  liivcubvvU  Dot« 
cover  test  techniques  and  facilities,  experimental  results  from 
emeli  fig  tests  to  flight  tests  and  theoretical  analysis  of 
propulsion  systeni  flows  The  jiroblems  associated  with  such  a 
syetem  are  also  discussed  E H W 
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N73-19794I  Adviiory  Group  (or  Atrospace  Retaarch  and 
Otvfippmfnt.  Pari*  (France) 

BOUNDARY  LAYER  EFFECTS  IN  TURBOMACHINES 
J Suruoue.  ed  (ONERA.  0>a(iHon-»oua-6agneui(.  France)  Oec 
1972  473  p re(a  In  ENGLISH,  partly  m FRENCH 
(AGARO'AG-164.  AGARDograph  164)  Avail  NTlS  HC 
$25  76 

Studie*  dealing  witb  t^e  role  of  boundary  layers  m tur- 
bomachtne  deeign  and  operation  are  reported  The  areas  of 
ifwettrgaiion  include  subsonic,  supersonic,  and  transonic  flow 
machines  For  irvjrvtdual  titles,  see  N73- 19795  through  N73- 
19819 

N73-19796  Von  Karman  Insi  for  Fluid  Dynamics.  Rhode  Saint 
Genese  (Belgium) 

ON  THE  TWO  OIMENSIONAL  BOUNDARY  LAYERS  AS 
THEY  APPEAR  ON  TURBOMACHINE  BLADES 
K Papailiou.  A Sana  (Caglian  Untv),  and  F Nuraia  (Gerx>v9 
Urtiv  ) In  AGARD  Boundary  Layer  Effects  irt  Turoomachmes 
Dec  1972  p 1 27  refs  iFor  availability  see  N73  19794 
10-28) 

Universal  curves  were  developed  which  relate  general 
pfOpenies  o*  opumiaed  boundary  layers  suitable  for  the  criiicai 
tide  of  a blade,  to  overall  design  variables  The  problem  of 
maximum  dacelaration  was  considered  ar^  universal  curves  ware 
developed  which  establish  the  deceleration  which  ^^n  be  realned 
giving  a length  and  the  initial  conditions  for  the  bour>d^rY  layer 
These  universal  curves  were  established  for  incompressible  flow 
Using  Le  Foil's  method  with  the  introduction  of  a typical  Mach 
number  as  an  additional  parame  ar  it  should  be  possible  to 
extend  the  universal  design  curves  to  compressible  (low  The 
effects  of  curvature  on  turbulence  are  diKussed  and  it  is  shown 
that  Bradshaw  s model  could  be  used  not  only  for  differential 
but  also  for  mteg's!  '^e’hods  Author 

N73-19796  United  Aircraft  Corp  , East  Hanford.  Conn  Research 

tabs 

PRACTICAL  CALCULA1I0N8  OF  TRANSITIONAL  BOUND 
ARY  LAVERS 

H McDonald  and  R W Fish  In  ACARO  Boundary  Layer 
Effects  m TurUomachmes  Dec  1972  p 29-53  reft  (For 
avatlibilily  see  N73- 19794  10-28) 

A general  finite  differen;e  procedure  for  computing  the 
behavior  of  compressible  two  dimensional  boundary  layers  it 
presented  together  with  a turbulence  model  which  allows 
quantitative  predictions  of  the  location  and  extent  of  the  transition 
region  between  lammai  and  turbulent  flow  as  it  is  influenced  by 
such  disturbances  as  surface  roughness  and  free  stream 
turbulence  Reverse  transition  le  relammaruation.  caused  by 
large  favorable  streamwise  accelerations,  is  also  quantitatively 
predicted  by  this  pr'.>cedure  me  solution  proceaure  depends  upon 
the  calculation  of  the  streamwise  development  of  a turbulent 
mming  length  whose  magnitude  is  governed  by  the  turbulence 
kir>elic  ervergv  equation  A large  number  of  comparisons  between 
predictions  and  measurements  were  made  and  in  general  very 
good  agreement  was  obtained  Author 

N73-19797  National  Ges  Turbine  Establishment  Pyestoex 
(England) 

PREDICTIONS  OF  BOUNDARY  LAYER  TRANSITION  ON 
TURBOMACHINERY  BLADES 

J Dunham  In  AGARD  Bourrdar/  Layer  Effects  m Tu.'borr.achmes 
Dec  1972  p 55  7 1 rels  (For  avaiiebilnv  »««  N73  19794 
10  28) 

Transition  may  occur  either  m the  form  ol  naturrl  traosihon 
or  as  a laminar  separation  bubble  ending  in  reattachrnent  as  a 
turbulent  boundary  layer  Existing  theories  of  both  types  are  applied 
to  predicting  the  available  fransitton  observations  on  tu' 
bomachrnery  blading  Owing  to  the  high  free  stream  turbulence 
level  in  p tu'bcrr.  ach  nc.  bl2d?5  mu??  ?»h  b«r  «9iu'ei 

transition,  but  too  few  OKpenmenial  moasurements  are  availebte 
to  test  the  predict'Ons  adequately  More  experiments  were 
conducted  mvolvmg  bubble  transition  end  after  rr^odifyng  the 
theory  to  allow  for  free  stream  turbulence  predictions  agree 
fairly  veil  with  medSJ'^menis  of  the  position  and  length  of 
transition  bubbles  Author 


N73-19798  Deutsche  Forschungs-  und  Versuchsanstalt  fuer  Luft- 
ur>d  Reumfahrt.  Brunswick  (West  Germany)  Inst  fuer  Aero- 
dynamik 

INFLUENCE  OF  THE  DEGREE  OF  TURBULENCE  ON  THE 
aerodynamic  coefficients  of  CASCADES 
R Kiock  In  AGARD  Boundary  layer  Effects  in  Turbomachmes 
Dec  1972  p 73-86  refs  (For  ava>fabiliiy  see  N73-19794 
10  28) 

An  inviscid  degree  of  turbulence  is  calculated  (lOn  the 
Circumferential  distribution  of  the  potential  flow  velocity  behind 
• rotaiirig  cascade  This  is  compared  with  measurements  of  th  . 
degree  of  turbulence  at  a stator  mlet  of  a multi-stage  ex>a' 
compresaor  Extensive  measurements  on  the  influence  of  the 
turbulence  level  on  the  aerodynamic  coefficients  of  several 
two-dimensional  compressor  cascades  were  earned  out  These 
contained  wake  traverses,  boundary  layer  measurements  arid 
pressure  distribution  on  the  profiles  These  investigations  were 
carried  .''ut  in  •ncompressibla  flow  m the  range  of  Reynolds 
numbers  between  SOOOOarid  2 70.000  both  m alow  spead  and 
a high  speed  cascade  wmd  tunnel  Author 


N73-19799  Detroit  Diesel  Allison.  Indianapolis,  ind 
THE  EFFECT  OF  FREE  STREAM  TURBULENCE  LEVEL  ON 
TURBULENT  BOUNDARY  LAYER  BEHAVIOUR 
G David  Hurfman,  D R Zimmerman,  and  W A Bennett  In 
mGARD  Bourtdary  Laver  Effects  m Turbomachmes  Dec  1972 
p 89-1  15  refs  (Fc.  availability  see  N73  19794  10-26) 

The  results  o*  an  experiment  to  determine  the  effect  of 
free-stream  turbulence  level  on  the  classic  boundary  layer 
properti'  \ indicate  the  following  1 1 1 The  bourdary  layer  thickness 
•rtcreas'...  with  increasing  turbulence  levs!  This  was  considered 
as  being  due  to  the  increased  entrainment  brought  about  by 
the  highly  excited  siete  of  the  couhoary  oetween  me  shear 
layer  and  me  free-stream  (2)  The  mean  velocity  remems  largely 
unchanged  m the  inner  region  however,  there  is  a marked 
reduction  m the  wake  component  as  the  free-stream  turbulence 
level  increases  (3)  The  skm  friction  increases  with  increases  in 
the  tuibulence  level  (4)  The  shape  factor  decreases  slightly  with 
increased  turbulence  level  due  to  the  reduced  wake  component 

0 LG 


N73-19SOO  Motorm  und  Turbmen  Union  Muenchen  GmbH 
(West  Germany) 

ANALYTICAL  APPROACH  FOR  THE  LOSS  AND  OEFLEC 
TION  BEHAVIOUR  OF  CASCADED  IN  TRANSONIC  FLOW 
INCLUDING  AXIAL  MASS  FLOW  VARIATION 
Leonherd  Foiir.ar  /n  AOAHU  boundary  Layer  Effects  m 
Turbomechines  Dec  1972  p ll”  139  refs  (For  ava  lability 
see  N73-19794  10-78) 

The  meihod  described  contain',  a r.t'  on  of  the  viscous 
transonic  flow  past  cascades  of  slender,  slii^r  ry  cambered  profiles. 
erK)  includes  (he  local  supersonic  fiv  'u.  the  terminal  compression 
shock  end  a venation  of  the  axial  mass  flow  ocnsiiy  across  the 
cascade  The  influence  of  a change  m axial  velocity  ar:ross  the 
cascade  is  considered  by  introducing  additional  strips  of  sources 
and  sinks  into  the  singularity  method  Thus  there  are  induced 
velocities  on  the  profile  surface  which  have  to  be  added  to  the 
Surface  velocities  of  the  plane  case  The  local  supersonic  field 
which  bui'ds  up  downstream  of  the  senic  point  is  treated  by  an 
empirically  corrected  supersonic  expansion  Tfie  location  strength 
of  the  compiession  shock  terminating  ihe  sunerson-c  field 
downstream  i$  obtained  by  an  empirically  corrected  normal  shock 
relation  The  viscous  effect  is  determined  ty  means  of  a 
boundary  layer  calculation  along  the  prolile  contour  The  probtem 
of  interaction  between  the  boundary  layer  and  the  normal  shock. 
yyh*«“h  *5  pertiC'jleriy  *rnpori«ot  m thft  corisirjer etion  nf  viscous 
effects  IS  closely  investigated  with  the  d'd  of  the  available  test 
data  The  entire  flow  loss  is  determined  from  the  sfiock  losses 
and  the  profile  losses  The  latter  are  obtained  from  the  boundary 
layer  values  at  the  trailng  edge  with  consider. *tio»-  of  possible 
small  separation  a eas  and  the  mixing  losses  , rouuced  m the 
wake  Author 
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N73*19801  Von  Karman  In&t  for  Fluid  Oynamics.  Rhoda-S^mt- 
Q«r>«se  (Belgium) 

BLADE  OPTIMIZATION  BASED  ON  BOUNDARY  LAYER 
CONCEPTS 

SRuang  Huo  In  AGARO  Boundary  Layer  EHects  in  Tu  boma^hires 
Dec  1972  p 141-170  refs  (For  availabil  ry  $e«  N73-lP''ri 
10-28) 

An  optimiiaiion  method  based  on  Le  Foil  s theory  is  describe'* 
This  IS  an  inverse  problem  v.  here  one  specifies  the  optimum 
boundary  layer  and  obtains  the  velocity  distribution  By  using 
potential  methods  the  corresponding  profile  or  channel  shape 
may  be  obtained  The  calibration  procedures  for  the  incompressible 
aryj  compressible  boundary  layers  are  shown  Some  eiamples 
of  (he  application  of  the  method  are  given  and  the  wO'h  still  to 
be  done  m the  compressible  case  is  discussed  Author 

N73-19802  Deutsche  Forschungs-  und  Versuchsanstalt  fuer  Lufi- 
und  Raumfahri,  Por;  (West  Germany)  Inst  luer  Luhstrahlantnebe 
INCOMPRESSIBLE  FLOW  THROUGH  CASCADES  WITH 
SEPARATION 

W GeMer  In  AGARO  Boundary  Layer  Effects  in  Turtnmachines 
Dec  19>2  p 171-106  rets  (For  availability  bee  N73  19794 
10  281 

A Singularity  method  is  given  for  calculating  the  flow  m a 
cascade  with  constant  blade-surface  pressure  distribution  in  the 
complete  region  between  separation  point ; on  the  upper  ar.d 
lower  surfaces  The  contours  of  blades  are  replaced  by  vortex 
sheets  Source  distributions  on  the  contours  in  the  region  of 
separation  are  used  for  sirnuldimg  displacement  effects  of  the 
separated  wake  The  position  of  separation  pomts  must  be 
estimated  before  starting  the  calculation  Their  actual  position  •$ 
found  by  boundary-layer  computation  As  $h<^wn  by  comparison 
of  theoretical  and  expennienta<  results  calculated  pressure 
distributions  ar>d  flow  deflection  angles  ger^eraiiy  ag'««  wcm  with 
measured  data,  while  the  corresponding  drag  coefficients  agree 
satisfactorily  Author 

N73-19803  Office  National  d Etudes  et  de  Recherches  Aerospa 
tiales.  Fans  (France) 

INFLUENCE  OF  ANCLE  OF  ATTACK  AND  DEFLECTION 
ON  BOUNDARY  LAYER  FLOW  IN  JrKiGHT  CASCADE 
BLADES  [INFLUENCE  OE  LANGLE  O'ATTAQUE  ET  DE 
LA  DEFLEXION  SUR  LE  OECOLLEMENT  OE  LA  COUCHE 
•JMITE  DANS  UNE  GRILLE  O AUBES  UE  REORESSEUR) 

Jacques  Pauion  in  AGARO  boundary  Layer  Effects  in 
Turbomachines  Dec  1972  p 187-201  'efs  In  FRENCH 
(For  availability  see  N73  19794  10  28) 

Cascade  blade  perfoimance  as  affected  by  boundary  layer 
'iuw  muidence  and  strong  dc?!ecJ:on  !S  Trailing  edge 

(k'w.  backflow  and  static  pressure  degradation  a-e  analysed  m 
detail  TransI  by  E H w 


N73-19804  Techmsche  Universitaet  Brunswick  (West  G^imany) 
Inst  fuer  Stroernungsmechanik 

THE  EFFECT  OF  AXIAL  VELOCITY  RATIO  ON  THE 
AERODYNAMIC  COEFFICIENTS  OF  A COMPRESSOR 
CASCADE  IN  VISCOUS  FLOW 

U Stark  In  AGARD  Boundary  Layer  Effects  m Turbomachines 
1 Dec  1972  o 205  220  refs  (For  availability  see  N73- 19794 

j 10-28) 

• Both  theoretical  and  e»penmenial  investigations  of  the  effect 

i of  axial  velocity  ratio  on  the  eeiodynarruc  coefficients  of  two 

i compressor  cascades  with  NACA  65  < 10)06  profiles  are  described 

For  ihe  potential  flow  calculations  t^o  Pollard  Horiock  method 
{ was  selected  Boundary -layer  calculations  were  performed  based 

I on  the  potential  flow  velocity  distributions  The  aerodynamic 

, coefficierits  were  calculated  from  the  boundary  layer  parameters 

at  the  blade  trailing  edge  Ihe  experimental  mvest'ganons  were 
carri'^d  out  m a low  speed  cascade  tunnel  Both  the  theoretical 
' and  experimental  res-il-s  show  a considerable  effect  of  the  axial 

j velocity  ratio  on  the  aerodynamic  performance  o'  compressor 

cascades  The  agreement  between  theory  and  e«peri,-nent  is  quite 
saiiofbCtory  in  as  far  as  no  severe  flow  separation  occurs 

Author 


N73-19&06  Moioren-  und  Turbir>en-Unior)  Muenchen  GmbH 
(West  Germany) 

THE  INFLUENCE  OF  AXIAL  VELOCITY  DENSITY  RATIO  ON 
COMPRESSOR  CASCADE  PERFORMANCE  IN  COM- 
PRESSIBLE FLOW 

W Hetlmann  in  AGARO  Boundary  Layer  Effects  m Tur- 
bomechines  Dec  1972  p 221-240  refs  (For  availability  see 
N73  19794  10  28) 

Results  ol  theoretical  and  experimental  investigations  on  the 
influence  of  the  ratio  between  the  axial  velocity  density  upstream 
end  that  downstream  on  the  performance  of  plane  compressor 
cascades  m compressible  flow  are  presented  Tests  were  performed 
m e 7 -inch  transonic  wind  tunnel  where  upstream  turbulence 
levels  were  vaned  ii  could  be  demonstrated  that  the  change  in 
carcade  perfoimance  with  the  axial  velocity  density  ratio 
substantially  depends  upon  the  blade  boundary  layer  behaviour 
At  fully  turbulent  boundary  I )yers  the  axial  velocity  density  ratio 
influer.ces  Oi'ly  the  separation  pomt  positions  At  laminar  turbulent 
boundary  layers  m addition  the  transition  point  position  from 
which  the  separation  point  positions  depend  will  be  influenced 
Boundary  layer  calculations  conducted  in  the  theoretical  part  of 
the  investigation  have  quahiativeiv  corfirmed  the  experimentally 
achieved  results  as  far  as  the  influence  of  the  axial  velocity 
density  <ai>o  on  the  transition  and  separaiion  point  position  is 
concerned  Total  pressure  loss  at  va'ious  axial  velocity  density 
ratios  was  calculated  by  applying  an  approximative  method  of 
determining  the  characteristic  boundar'/  layer  values  m sepa- 
rated fii.‘W  ar^d  thert  comparing  with  'he  test  results  Author 


N73-19806  Rolls-Royce  Ltd  Bristol  lErigiand) 

THE  ROLE  OF  BOUNDARY  LAYERS  IN  AXIAL  FLOW 
TURBOMACHINES  AND  THE  PREDICTION  OF  THEIR 
'.FFECTS 

N J Seyb  In  AGARO  Boundar,’  Layer  Effects  »n  Tyrbomachmes 
Dec  1972  p 241  259  refs  (For  availability  see  N73  19794 
10  28) 

The  prediction  of  boundary  layer  conditions  within  a tur 
bomachi.ie  is  reviewed  from  the  engine  designer  s viewpoint  A 
brief  outline  of  the  problems  and  compromises  forced  on  the 
aerodynamicist  is  g>var  followed  by  a discussion  of  the  boundary 
layer  prediction  methods  currently  m use  Because  of  the  extremely 
compiicated  flow  patiert^s  present  in  a lurbomachme  only  the 
simplest  cases  tie  flow  m two-dimensional  cascadesi  have 
responded  adequately  to  theoretical  treaimem  Sirnple  and 
practical  methods  ve  described  for  the  prediction  of  the  boundary 
layer  parameters,  trar'*  ’ d lammar  separation  points,  bubble 
fi<as  and  heat  transit  .v  . . enis.  etc  for  any  cascade,  incidence. 
Reynolds  number,  turbulence  level,  etc  Cornpausons  between 
experiment  and  prediction  are  given  and  it  ^s  shown  that  there 
IS  good  agreement  .Autho' 


N73-1'^B07  Motoren-  und  Turbinen-Ur lon  Muenchen  GmbH 
(West  Germany) 

A CALCUIATION  METHOD  FOR  THE  EXTERNAL  HEAT 
TRANSFER  TO  TURBINE  BLADES 

0 K Hennecke  in  AQARD  Boundary  Layer  Eiletis  m 
Tyfbomachines  Dec  1972  p 26'i-273  refs  (For  avaiubiiny 
see  N73  19794  10  28) 

A complex  calculation  method  was  devised  to  predict  the 
local  temperature  distribution  m a cooled  lorbi.ie  blade  The  report 
•s  devoted  exclusively  to  one  of  the  key  elements  ol  the  procedure 
which  IS  an  integral  type  boundary  layer  analysis  to  predict  the 
drstnbution  of  the  external  heat  transfer  coefficieni  The  analysis 
has  been  a<**apled  to  ihe  special  requirements  ol  lurbme  blade 
cooling  research  Thus  it  ac*  '■>unts  lor  the  combined  effects  of 
compressibility,  l-^mmar  8'  well  as  turbulent  flow  regions, 
fevorable  and  adverse  pressure  gradients,  smooth  and  or  rough 
blade  surfacf  i,  latcro!  con.-c'gcnce  O'  dive'g^nro  and  !«--.o«r«;ur« 
dependent  fluid  properties  Fu'{hermo»e  in  the  evaluat.on  of  the 
heat  transfer  coefficient  a pressure  gradient  m flow  direction 
and  e longitudinal  lenperaiure  gradient  withm  the  wall  are 
jnsidered  The  method  also  allows  infection  mto  the  boundaiy 
layer  eithqr  local  (filr.i  tooling  or  continuous  '»;ffusion  coolmg* 
Results  are  presented  graph. cally  lor  a cooled  lu.'bine  blade  with 
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• c*niin  profit*  and  tpec.f>«d  flow  conddions  For  t.ns  example, 
th#  varKHit  feaiuraa.  ((••ed  above,  wore  studied  mdividuatlY  and 
the  magnitude  of  tt>a»f  ^Heclt  cn  the  heat  tranafer  coefficiem 
*•  damonttrated  Author 


N73-19909  Office  National  d Etudes  et  de  Reuherches  Aeroapa* 
ttalea.  Pent  (France) 

METHOD  OP  CALCULATING  THREE  DIMENSIONAL 
TUfftULENT  tOUNOARY  LAYER  SEPARATION  WITH 
APPLICATION  TO  A SIMPLE  TURBOMACHINE  CASE 
[METHOOC  DE  CALCUL  DE  LA  COUCHE  LIMI7E  TUR 
BOUIENTC  TRIDIMEN8I0NNELLE  JUSQU'A  LA  SEPARA- 
TION APPUCATION  A UN  CAS  SIMPLE  DE  TUR 
aOMACHINEl 

R.  Michel  M AGARO  Boundary  Laver  Effects  m TurtMmachmes 
Dec  1972  p 277-292  lefs  In  FRENCH;  ENGLISH  summary 
(For  aveilebtlity  aee  N73-19794  10  23) 

The  proposed  .r>ethod  is  based  on  the  determmatior)  of 
similarity  solutions  for  three-dimensional  turbulent  bour>darv 
leyera:  solutiorte  established  from  an  improved  mixing  length 
model  The  characteristics  of  the  families  of  streamwise  and 
crosswise  valoctty  profiles  obtained  m this  way  are  then  used  m 
a mathod  for  solving  bourtdary  layer  global  equations  Appliad 
and  tasted  previously  for  aaronautics  problams.  the  technique  is 
extended  to  treat  turbomachinery  problems,  taking  into  account. 
amor>g  other  things,  the  effects  of  rotation  walla  The  case  of 
the  swirling  flow  in  the  diffuser  of  a caritrifuge  compressor  is 
examined,  and  the  position  of  separation  l e the  circle  on  which 
the  will  streamlines  accumulate,  is  determined  as  a fur^ction  of 
the  inlet  angle  It  is  also  found  that  a rotation  at  the  diffuser 
walls  entails  a much  slower  thickening  of  the  boundary  layers, 
and  a rwticeable  recession  of  separation.  Author 

N73-19809  Institute  TNO  for  Mechanical  Constri  ctions.  Oelh 
(Natheriar^dai. 

MEASURED  AND  CALCULATED  TURBULENT  BOUNDARY 
LAYER  FLOW  IN  A VANELCSS  RADIAL  DIFFUSER 

C 6-  V 0 Voofde  and  J Bos  fn  AGARO  Boundary  Layer 
Effects  m Turbomachmes  Dec  1972  p 293-310  refs  (For 
availabilrty  see  N73-19794  10-28) 

A method  is  presented  for  predicting  two  dimensm^.^l  flow 
through  a radial  diffuser  with  flat  parallel  walls  The  method  is 
b#Md  on  the  integral  entrainment  rnethod  and  is  valid  until  the 
flow  is  fully  developed  Equations  are  given  for  prediction  of 
the  velocity  distribution  across  the  diffuser  width  at  any  arbitrary 
atatron.  prediction  of  the  radial  distribution  of  the  static  pressure 
recovery.  ar>d  calculation  of  the  diffuser  efficiency  fiom  the 
predicted  and  meaaured  flow  An  experiment  conducted  for 
validation  of  the  prediction  methoJ  is  described  Ounng  the 
experiment  very  accurate  measurements  were  inade  of  the  velocity 
distribution  across  the  constant  diffuser  width  at  various  stations 
along  a diffuser  radius  The  experimental  values  concurred  weil 
wrth  predicted  values  0 ' G 


N73-19810  Technische  Hochschule.  Aachen  (West  Germany) 
Mat  fuer  Strahlantriebe  und  Turboarbeitsrnaschmen 

APPUCATION  OF  BOUNDARY  LAYER  FENCES  IN  TUR 
BOMACHINERY 

M Pruemper  /n  AGARD  Boundary  Layer  Effects  m Turbomachmes 
Dec  1972  p 31  1-331  (For  availability  see  N73  19794  10-28) 
The  ma)0'  secondary  flows  occurring  m turbine  stages  are 
presented  and  their  causes  and  their  effect  on  the  total  flow 
are  discutsed  TTirough  visualization  of  the  flow  lines  near  the 
well  er»d  accurate  measurement  of  the  three-dimensional  loss 
distribution  of  cascades  with  short  arvj  longer  blades  detailed 
informatron  may  be  ubtamad  on  the  mechanism  of  the  secorvjary 
Bows  er>d  the  secondary  losses  thereby  produced  In  the  course 
of  experimental  tests  aimed  at  possibilities  of  suppressing 
sevondary  flows  and  secondary  losses  incidental  thereto  the 
rr>ethod  of  using  boundary  layer  fences  on  the  profile  suction 
sides  of  the  blades  proved  to  be  particularly  effective  and 
ecoriomical  Finally,  the  experimental  'esuiis  obtained  from  iha 
application  of  this  method  lO  a turbine  stage  are  presented 

Author 


N73-19811  Von  Kerman  Inat.  for  Fluid  Dynamics.  Rhode-Samt- 
Gerseea  (Balgium) 

SECONDARY  FLOW  RESEARCH  AT  THE  VON  KARMAN 
INSTITUTE 

J.  W.  Salvage  M AGARO  Boursdsry  Layer  Effects  m Tur- 
bomachinee  Dec  1972  p 333-361  refs  (For  availability  see 
N73-19794  10  28) 

Expenmentt*  wort  m caacade  secondary  flows  accomplished 
in  the  past  ten  years  is  reviewed  with  the  objective  of  pointing 
out  difficulties  common  to  the  fieiu  Investigations  included  tip 
cleerence  effects,  tow  aspect  ratio  affects,  and  the  beginnings 
of  basic  resesrch  on  the  influertce  of  blade  loading  and  .nlet 
boundary  layer  characteristics  on  common  compressor  blade 
profiles  The  obfertivn  of  current  investigations  is  to  select  cniical 
configurations  tor  in-depth  study  of  the  end-well  boundary  layar 
development  through  the  cascade  with  a viftw  toward  reTming 
the  experiment  for  use  m the  truly  three-dimensional  environment 
of  8 stator  row  An  initial  experiment  on  end-wall  flows  is  outlmod 
and  typical  data  shown  An  improved  techriK^je  is  discussed, 
irviluding  test  apparatus  and  probes  to  be  used  Other  topics 
discussed  include  an  interesting  method  of  reducing  secondary 
flow  losses  (partial  blade  slotting)  and  the  critical  analysis  of  a 
simp's  but  geometrically  limited  theory  predicting  secondary  flow 
losses  at  high  blade  leading  conditions  Author 

N73-198t2  Princeton  Univ  . N J 

THE  PREDICTION  OF  AXIAL  COMPRESSOR  PERFORM- 
ANCE WITH  EMPHASIS  ON  THE  EFFECT  OF  ANNULUS 
WALL  BOUNDARY  LAYERS 

G L Mellor  and  T F Balsa  /n  AGARD  Bourvdary  Layer  Effects 
in  Turbomachmes  Dec  1972  p 363-374  refs  (For  availability 
see  N73-19794  10-28) 

Current  results  are  Summarized  m the  development  of  a 
computer  program  to  simulate  axial  compressor  performance 
The  program  incorporates  a new  theory  of  annulus  wall  boundary 
Uvcrc  •,vh:ch  predicts  a''''*jl*js  boijodsry-layirf  deveir>pmen»  ar>d 
losses  Aside  Irom  the  wor)^  involved  with  the  construction  ol 
the  program,  considerable  effort  is  beir>g  expended  to  diagnose 
existing  multistage  data  m terms  of  the  rather  sm>ple  parameters 
associated  with  the  ai'nulus  boundary-layer  theory  Author 

N73-19P13  Cambridge  Umv  (England) 

PREDICTION  OF  ANNULUS  WALL  BOUNDARY  LAYERS 
IN  AXIAL  FLOW  TURBOMACHINES 

M Oaneshyar.  J M Horlock.  and  H Marsh  /n  AGARD  Boundary 
Layer  Effects  m Turbomachmes  Dec  1972  p 375-392  refs 
(For  availability  see  N73  19794  10  28) 

Various  existing  integral  bound  iry  layer  methods  have  been 
examined  arid  their  predictions  are  compared  with  a wide  rar^ge 
of  experimental  data  The  sensitivity  of  the  boundary  layer 
calculations  to  the  mamstieam  data  input  has  beert  examirved 

Author 

N73-19814  Techniw:he  Hochschule.  Aachen  (West  Germany) 

ANNULUS  WALL  BOUNDARY  LAYERS  IN  AXIAL  FLOW 
TURBOMACHINES 

W Bmerlich  and  K Rubner  In  AGARO  Bourvjary  '^yer  Effects 
in  Turbomachmes  Dec  1972  p 393-413  refs  (For  availability 
see  N73  19794  10-28) 

The  influance  of  annulus  wall  bour>ddry  layers,  which  differ 
considerably  fiom  ordinary  boundary  layers,  is  shown  as  it  affects 
the  entire  flow  in  turbomachmes  Starting  fi.:m  the  measured 
velocity  distributions,  the  radial  balance  m the  axial  gaps  and  in 
the  cascade  channel  of  the  rotor  and  stator  is  established  by 
means  of  the  conservation  equations  for  mass,  momentum  arvJ 
energy  The  special  effacts  of  the  transitions  between  stationary 
and  moving  cascades  withm  the  region  of  the  annulus  wall 
boundary  layers  are  illustrated  The  velocity  distributions  measured 
m the  boundary  layer  region  are  thus  explained  In  contrast  to 
what  had  been  generally  assumed,  strong  gradients  of  total 
enthalpy  occur  within  the  boundary  Ijyer  For  the  blade 
momentum  tx>undarv  values  at  tli«  dnnu>o»  wa!l»  end  nt  the 
mean  radius  can  be  indicated,  so  that  a qualitative  distribution 
of  blade  momentum  may  bo  established  The  theoretical 
statements  and  results  have  been  conlirmed  by  experimental 
investigations  on  a single-stage  axial  flow  compressor  having  a 
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v*fY  t^T>all  hub-tip  ratio  Theory  and  eyp^rmant  show  cl^arty 
th*t  tha  influence  of  wall  friction  is  not  confined  to  the  boundary 
layer  region  but.  even  with  a small  hub-tip  ratio,  affects  the 
entire  flow  channel  Author 

N73-19816  Office  National  d Etudes  at  de  Recherches  Aerospa- 
tiales.  Paris  (France) 

RESULTS  OF  INTERACTION  OF  SHOCK  WAVE  WITH 
TURBULENT  BOUNDARY  LAYERS  AT  MODERATE  MACH 
SUPERSONIC  NUMBERS  (RESULTATS  SUR  LINTERAC 
TION  CHOC  COUCHE  LIMITS  TURBULENTE  A OES 
NOMBRES  OE  MACH  MOOEREMENT  5UPERSONIQUES| 

J Oelery  and  J C LaBalleur  in  AGARO  Boundary  Layer 
Effect*  in  TiKbomachtnes  Dec  1972  p 419  440  refs  In 
FRENCH.  ENGLISH  summary  (For  availability  see  N73- 19794 
10  28) 

Reflevt'on  oi  an  oblique  shock  wave  on  a turbulent  bourvjar^ 
layer  was  studied  experimentally  on  a two-dimensional  plane 
set-up  at  two  Mach  numbers.  1 62  and  1 92  In  both  cases  the 
upstream  flow  was  uniform  and  the  Reynolds  number  was  around 
100.000  The  variable  parameter  was  the  shock  intensity  PanicuUr 
attention  was  paid  to  the  set-up  r'esign  for  minimising  the 
perturbation  effects  and  also  for  obtaining  a good  measuring 
precision,  especially  for  boundary  layer  probings  Author 

N73-19816  Von  Karman  Inst  fo  Fluid  Dynamics  Rhode-Samt- 
Geriese  (Belgium) 

SMOCK  WAVE  BOUNDARY  LAYER  INTERACTION  IN 
CASCADES 

H Griepentrog  In  AGARO  Boundery  Layer  Effects  m 
Tgrbomachines  Dec  1972  p 441  466  refs  (For  availability 
see  N73-19794  ;0-28: 

Experimental  data  obtained  with  compressor  cascades  were 
analyzed  to  determine  the  mam  parameters  that  affect  the  »hock 
boundary  layer  interaction  region  These  parameters  were  found 
to  include  (It  the  displacement  (hickr<C5s  of  the  boundary  layer 
upstrefm  of  the  shock.  (2)  the  snock  intensity,  and  (3)  (he  pressure 
gradient  downstream  of  the  shock  Taking  these  parameters  into 
account,  a simple  riodei  of  the  interaction  was  designed  The 
modal  only  considers  the  axternal  effects,  such  as  pressure 
distribution  on  the  blade  surface  The  model  presented  is 
considered  only  a tentative  one  and  further  research  is  indicated 
to  understand  the  interaction  of  a quasi  normal  shock  with  a 
turbulent  boursdary  layer  m compressor  cascades  0 L G 

N73-19817  Office  National  d Etudes  de  Recherches  Aerospa - 
tiales  Pens  (France) 

BEHAVIOR  OF  BOUNDARY  LAYER  IN  SUPERSONIC 
STRAIGHT  AND  ANNULAR  BLADE  CASCADES,  FIXED  ANO 
MOBILE  {COMPORTEMENT  DE  LA  COUCHE  LIMITE  SUR 
GRILLE  DAUBES  SUPERSONIQUES  PLANES  ET  AN 
NULAIRESI 

Jean  Fabn  ar>d  Roland  Sovrano  In  AGARO  Boundary  Layer 
Effects  m Turbomachmes  Dec  1972  p 467-468  rets  In 
french.  ENGLISH  summary  (For  availability  see  N73-19794 
10-28) 

Fundamental  research  on  supersonic  anal  flow  compressors 
requires  an  accurate  krsqwledge  of  se''tion  performances  Straight 
artd  annular  supersonic  blade  cascades  were  used  for  the 
investigation,  the  latter  one  bemg  either  fixed  or  rotating  The 
effect  of  boundary  layer  development  m these  blade  cascades  is 
described  Schheren  pictures  of  the  flow  *ield  and  shock 
configuration  as  well  as  pressure  distributions  on  the  blades 
(straight  and  fixed  annular  cascades)  or  on  the  casing  ifued 
ar>d  rotating  annular  cascades)  were  taken  The  conclusion  from 
the  analysis  is  that  at  low  backpressure,  le  started  supersontc 
flow  in  the  cascades.  Mow  configuration  and  pressure  distributions 
are  very  similar  on  all  three  experimental  set-ups  However,  at 
htgh  back  pressure.  w>th  strong  shock  waves  induced  in  the 
blade  channel,  shock  wave-boundary  i^-'ver  interaction  is 
different  m static  and  rotating  cascades  It  seems  however  that 
Owing  to  the  effect  of  centrifugal  forces  induced  by  flow  rotation 
in  the  annular  cascade  the  difference  between  Mow  patterns  m 
this  type  of  experimental  '■•et  up  and  on  roiois  is  not  very  great 

Author 


N73-19B18  Deutsche  Forschungs-  und  Versuchsansta)-  fuer  Luft- 
und  Reumfahn.  Goenmgen  (West  Germany) 

HIGH  SPEED  8CHLIEHEN  FILM  OF  THE  PULSATING  FLOW 
IN  A TRANSONIC  TURBINE  CASCADE 
0 LsMAczsck  In  AGARC  Boundary  LAyar  Ettocts  in  Tur- 
liomacl'ioAS  Dec  1972  p 469  473  refs  |Foi  avsilabihiy  s«e 
N73  19794  10  28) 

A high  spMd  schheren  film  is  discussed  that  wes  taken  m 
a cascede  *ind  tunnel  on  a suoerctiticel  flow  through  a special 
type  of  a turbine  cascade  The  flow  psttain  near  the  leading 
edges  shows  that  the  upstream  (low  is  stationery  although 
noiistanonary  effects  were  noted  near  the  trailing  edge  The 
question  is  posed  as  to  whether  me  nonstationary  effects  are 
initiated  by  the  disturbances  originated  by  the  free  lei  boundary 
of  the  cascade  or  by  the  interaction  between  the  trailing  edge 
Shock  dnd  ihe  wake  of  ihe  blade  O L G 


N73'2478S]|I  Advisory  Group  fer  Asrotpacs  Rsftotreh  and 
Oovsiopmsnt.  Paris  (Frgr^ca) 

RELATIVE  AIR  POLLUTION  EMISSION  FROM  AN  AIRPORT 
IN  THE  UK  ANO  NEIGHBOURING  URBAN  AREAS 
A W C Keddie  (Dept  ol  Trade  and  Ina  Stevenage.  Engl)  G 
H Roberts  (Dept  of  Trade  end  (nd  . Stevenage  Engl  j.  and  J 
Parker  (Dept  o(  Trade  and  lid.  Stevenage.  Engl  1 (1971)  10  p 
refs  Reo'  from  the  pub)  (2on(ete.tce  Pre  print  i^o  125  on 
Aimcepheiic  . jlluiion  by  Aiiciah  Engines  Peiis.  AGARO  10  p 
Aveil  NTiS  HCS3  00 

Air  pollution  levels  at  Stensted  Anport  England,  m relation 
to  emissions  from  tour  neerby  towns  are  diicussea  Celculenons 
heve  been  mede  of  pollution  emissions  from  Ihese  four  sources 
and  also  Item  the  airport,  and  the  eipected  contributions  from 
these  souices  at  three  local  rues  have  bean  eatmintd  These 
velute  art  compired  with  actual  mesvuremenls  it  tht  three 

Author 


N73  26800*  Advisory  Group  for  Aerospace  Research  anci 
Oevelopmeni  Pans  iFrancel 

MODERN  METHODS  OF  TESTING  ROTATfNG  COMPO 
NENTS  OF  TURBOMACHINES 

M Pianko  ed  tServ  Tech  Aeronaut  Pans'  May  1973  51  p 
refs  Parlfy  lO  ENGLISH,  partly  in  FRENCH  held  at  Toulouse 

18  21  Sep  1972 

(AGARO  AG  167  AGAROograph-167)  Avai*  NTIS  HC  S4  75 
The  AGARD  Propulsion  and  Energel'Cs  Panel  conducted  a 
survey  on  the  methods  used  to  lest  .he  rotating  components  of 
turbomachmes  The  objective  was  to  assess  the  advantages  and 
usefulness  of  the  so  called  elementary  tests  corripared  with  the 
tests  on  complete  w-'bcmo';h:nec  Based  a deiaiied 

analysis  of  the  answeis  received  from  the  questionnaires  and 
an  exchange  of  views  among  me  experts  appointed  by  the  Panel, 
general  roncfusions  are  presented  on  the  vaiue  and  use  of  cascade 
test  data  testing  and  measuring  equipment  for  cascade  tests 
testing  techniques  for  supersonic  compressor  cascade  tests  on 
compressor  or  turbine  sidgels)  and  on  a complete  compressor 
O'  turbine  Reynolds  number  elfects  cola  testing  of  tu'bmes 
«nd  compressor  slab-lily  and  distortion  tests  Author 
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Includes  cosmic  radiation,  tolar  flarat.  tdar  radiatioo.  and 
Van  Allan  radiation  baits  For  related  information  tee  alto 
13  Qaophytict.  and  24  Physics.  Atomic.  Molacular.  and 
Nudaar 
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Include*  Mtronornv  and  astrophysict.  co’  AOk>gv.  lunar 
and  piar>atarv  and  aEploration.  ^nd  theorattcal 

analytrt  of  o»W  ar>d  tratactopy  ^op  .aUiad  mformaitoo 
»•€  also  11  bacilli***  Raaaafch  p.>d  Support.  ar>d  3'< 
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siclud«9  launch  vehiclas  manned  spare  capst-  clusiared 
and  multistage  rockets  satellites  sound  ^ rockets  and 
prot)as.  and  operating  problems  For  h ^sic  research  see 
30  Space  Sciences  For  related  m(o'  nation  see  also  38 
Propulsion  Systems,  and  33  Stru'"  ural  Mechanics 


N72-12861I  Advisory  Group  .O'  Aerospace  Pesearch  and 
Oavelopment  Pans  (France) 

ATTITUDE  STABlLtZATIO\  OF  SATELLITES  IN  ORBIT 
Sep  1971  )52  p refs 

IAGARD  LS-45-71)  A- dil  NTlS 

CONTENTS 

1 FOREVV^RO  p III 

2 SPE^r^ERS  p IV 

3 IN'.  flODUCTlON  H Vigneron  p vn 
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N72-12862t'  Technische  Hochschule  Stut»gan  (West  Germeny) 
ir.it  i fucr  Mec^a^-s 

rotational  dynamics 

Martin  A Frik  In  AGAhO  AttilucJo  Stabiluation  of  Satellites  in 
Orbit  Sep  1971  14  p refs  (Fee  N72- 1 2861  03-3  1 ' 

Avail  NTIS 

The  fjndarnentals  of  ;ne  rotational  dynamics  of  satellitas 
ere  con«idered  6as>c  geometric  and  kinematic  relations  are 
revie.ved  and  the  Foler  equations  describing  (he  rotaftonti 
motion  of  riQ'd  brjies  are  derived  The  torque  free  rnotion  of 
dynamically  syr^<me(ncal  as  well  as  unsymmeirical  satellitas  is 
•nvesiigsted  .ncludmg  a stability  analysis  of  permanent  rotations 
about  axes  of  prmcipai  moments  of  mertia  External  torque*, 
such  as  gravity-gradient,  magnetic  aerodynamic,  and  soiar 
radiation  torques,  which  are  caused  by  th«  interact. un  jf  an 
orbiim^  satellite  with  its  environment  are  discussed  Fi^-.ally.  for 
some  types  of  nonn^'d  satell-tes  the  equations  of  motion  ere 
considered  Autnor 


N72-12863*e  National  Aeronautics  and  S^ace  Administration 
jcddard  Sp^ce  rl'ijiii  Cei-tei  C.ae.nfccl:  f'.d 
SPACECRAFT  \TTITUDE  SENSORS  WITH  EMPHASIS  ON 
THE  ORBITING  ASTRONOMICAL  OBSERVATORY 
Thom#*s  E F'.uber  In  AGARD  Ai».iucJe  Stabihiation  of  Satellites 
in  Orhii  Sep  1971  16  p ref'  (See  N72  128C103  3'1 

iNAf.A-TM  X C73P4)  Avail  %TlS  CSCL  228 


The  S6n*K>rs  that  provide  reference*  for  the  OAO  control 
system  ere  coarse  sun  sensors,  fine  sun  sensors.  Adcole  aspect 
tensors,  rate  and  position  sensors,  mertisl  refsrsncs  unit, 
borestght  tracker,  gimbsi  tter  trackers,  fixed  head  tracker,  and 
magnetometers  The  coarse  and  fme  tun  sensors  arv  analog  type 
tensois  and  are  pan  of  tha  OAO  control  loop  The  aspect 
sensors  are  digital  type  and  are  used  with  the  magnetometers 
primmly  for  a.Titude  determination  The  mertial  sensors  are  used 
to  slew  or  reposition  the  vehicle  and  are  also  used  to  mertially 
hold  tha  spacecraft  The  gimbal  trackers  and  boresight  tracker 
are  used  for  stellar  control  holding  the  vehicle  to  an  stutude 
accuracy  of  one  arc  minute  Author 


N72-12BB4S  Louvam  Umv  (Belgium)  (ntt  de  Macanigue 
PASSIVE  AND  SEMl-ACTiVE  ATTITUDE  STABILIZATIONS 
dual  spin  SATELLITES 

P W Likms  and  P Y Willems  In  AGARD  Attitude  Stabilization 
of  Satellites  in  Orbit  Sep  1971  lip  refs  (See  N72- 12861 
03  3lj 
Avail  NTlS 

Dual -spin  systems  find  space  applications  m missions  for 
which  the  ability  to  pomt  some  instruments  or  a platform  with  a 
good  spin  snbihzation  is  'equired  The  equations  of  motion  of  a 
deformable  system  including  internal  n^omenta  art  derived  The 
equilibrium  configurations  of  such  a system  m free  space  and  m 
an  iiiverte  square  field  are  obtained  The  attitude  stability  of  a 
deformable  gyrostat  a convenient  idealization  of  a dual-spin 
satellite  is  investigated  The  effect  of  dissipation  m both  sections 
of  the  svsteir  is  discu&sed  and  a rigorous  method  permitting  the 
stability  determination  is  set  tonh  kuthur 


N72-12BB6S  Celiforma  Univ  Los  Angeles 

PASSIVE  AND  SEMI  ACTIVE  ATTITUDE  STABILIZATIONS 

FLEXIBLE  SPACtCRAFT 

Peter  W Likms  m AGaRD  Aiiitude  Stabilization  of  Satellites  m 
Orbit  Sep  1971  13  p refs  (See  N72- 1 2861  03-31 ) 

Avail  NTIS 

The  influence  of  tpacecrah  nonrigidity  is  identified  as  the 
pre  emient  Current  problem  m attitude  stabilization  of  passive 
and  semi-active  spacecraft  Attitude  control  anomalies  m the 
flight  histones  of  eight  satellites  are  aitributed  to  nonngidity. 
manifested  either  as  unexpected  internal  energy  dissipation  or 
unanticipated  structural  deformations  Recent  progress  m the 
development  of  methods  lor  analysis  of  flexible  spacecraft  is 
surveyed  with  attention  to  discrete  coordinate  methods  vehicle 
normal  coordmale  methods  und  hybrid  coordinate  methods 
New  results  are  provided  for  each  ol  these  enalyticai  procedures 
and  the  utility  of  these  results  is  discussed  in  the  context  of 
anticipoted  future  spacecrafi  Author 


N 72  12836*  Royal  Anc.^afi  Estabi'yhmeni  Farntjorough 
(England)  Space  Dept 
ACTIVE  stabilization 

W G Hughes  M AGARD  Athtuii^  Stabilization  of  SaieMities  m 
Orbit  Sep  1971  17  p re!:;  .See  N72  12861  03  3D 

Avail  NTIS 

A Survey  is  g.ven  of  the  principal  devices  available  (or  in® 
generation  of  control  torque,  covering  mass  expulsion  systems 
fcold  gas.  hot  gas  electric)  momentum  exchange  system 
(reaction  wheels,  conuol  moment  gyrosi  and  maqnei.c  loiqup.s 
for  reaction  wheel  systems  the  complete  linearized  equatioi-.  -f 
motion  in  three  axes  the  elfeci  of  iriteraxis  couplings  are  siud:?d 
Control  in  a single  axis  is  consirlered  m rtci?il  Mass  expu'jion 
and  magnetic  techniques  (or  momentum  unioddmy  are  discus,  ed 
Control  ••noment  gyro  systems  are  described  Puie  sysitms 
are  studied  hom  the  viewpoi  -i  o*  ach.evi  ly  h.yh  precision  while 
preservir  g economy  ,n  the  u.e  ol  )ei  fue:  Difficult. es  ansmg  (rom 
pet  delay  arid  sensor  delay  and  r oise  are  minimized  by  the  use  of 
a Signal  processing  tegnn.que  iuen  .ncu.puialeb  a .-.uJt,l  ul  li.t, 
Spacecraft  dynamics  Finally,  the  special  properties  of  ineMiaily 
referenced  systems  are  considere«J  together  witfi  th© 
gyrocompassing  technique  lor  use  m earih  pointing  spacecraft 

AultiOr 
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N72‘12667|tl  Cantrt  National  d Etud«s  Spatiales.  dratigny-Sur- 
OrQ«  <Franca) 

8TA6IUZATION  OF  EOU  AND  PEOU  SATELLITES 
[8TABIU8ATION  DE8  SATELLITES  EOLE  ET  PEOLE) 

PhMippe  Huguier  In  AGARO  Attituda  Stabilization  ol  Satelliles 
in  Orbit  Sap  1971  28  p In  FRENCH  (Sea  N72-12861 

03-31I 
Avail  NTIS 

Tha  orbitt  ano  stabilization  simulations  of  tha  Eola  <<nd 
Paola  sataiiites  are  dtscuasad  Vam>us  methods,  m particular  tha 
gravity  gradient  method,  are  discussed  m detail  Tha  accuracy  of 
the  methods  was  also  determined  Data  are  included  for  the 
attenuation,  energy  dissipation,  and  the  differences  calculated  for 
both  satellites  Mathematical  models  are  included 

TrsnsI  by  E H W 

N72*12868/|i  Erno  Raumfahntechnik  GmbH.  Bremen  (West 
Germany) 

DEVELOPMENT  RESULTS  OF  THE  ESRO  TO  SATELLITE 
PNEUMATIC  SYSTEM 

Warner  Inden  In  AGARD  Attitude  Stabilization  of  Sataiiites  m 
Orbit  Sep  1971  20  p refs  (See  N72-12861  03-31) 

Avail  NTiS 

The  attitude  control  requirements  and  principles  of  the 
ESRO  TO  satellite  are  reviewed,  and  thd  propulsion  system  are 
explained  The  TO  propulsion  system  is  an  argon  cold  gas 
system  with  no  redundant  pans  which  i$  based  on  the  life  time 
of  1/2  to  '■  year  m orbit  The  test  results  of  development, 
qualification,  and  flight  acceptance  are  illustrarsd  as  the  influence 
of  the  dynamic  response  on  thrust  the  problem  of  leakage  and 
contamination,  the  ragulation  as  a fun:tion  of  m.^sion  time  The 
successful  subsystem  qualifications,  especially  vibration  tests 
shown  Ooveiopment  techniques  for  nozzles,  system  filling  and 
leakage  checkout  are  described  The  pedormanca  of  the  smalt 
nozztes  lO  02  Ni  used  on  TO  is  snown  Author 

N72'12869ir  Compagnia  Industnale  Aerospaziale  S pA.  Rome 
(liaiy). 

THE  SIRIO  ATTITUDE  MEASUREMENT  ANO  CONTROL 
SYSTEM 

Alessandro  Suratli  M AGARD  Attitude  Stabilization  of 
Satellites  in  Orbit  Sep  1971  14  p (See  N72  12861  03  31 ) 

Avail  NTIS 

The  Sirio  attitude  measurement  and  conirol  subsystem 
components,  their  characteristics  their  imerconnection  wi.h 
other  units  the'r  mode  of  operation  and  how  they  are  employed 
are  described  Component  lest  problems  are  discussed  where 
appropriate,  as  m the  case  of  the  sensors  and  of  the  nutation 
damper  Emphasis  is  given  to  attitude  measurement  and  an 
estimate  of  the  accuracy  which  rray  be  achieved  both  m the 
trar^sfsr  and  m the  gccc*3*>criary  c*b>*  »3  giveri  Author 

N72-12870#  Massachusetts  Inst  of  Tech.  Cambridge  Charles 
Stark  Draper  Lab 

ATTITUDE  CONTROL  OF  THE  APOLLO  SPACECRAFT 

Richa'd  H Battm  In  AGARD  Ainiude  Stabilization  of  Satellites 
in  Orbit  Sep  1971  10  p refs  (See  N72  I 286 1 03  3 U 

Avail  NTIS 

The  digital  computer  is  the  central  conirol  element  m the 
Apollo  control  guidance  and  navigation  system  The  primary 
autopilots  of  the  various  spacecraft  configurations  of  Apollo  are 
impleniented  digitally  *n  this  general  purpose  processor  Successful 
control  system  design  was  made  possible  by  capitalizing  on  th® 
nature  of  digital  processing  and  exploiting  life  attendant  fiexibitity 
and  nonliiiedi  u <.m  (ku 

control  system  hardware,  a detailed  treatment  of  one  of  those 
autopilots,  coasting  fhghi  altitude  control  is  give'>  Author 

N73  23681;^  Advisory  Group  for  Aerospace  rtesearch  and 
Development.  Pane  (France) 

AUTOMATION  IN  MANNED  AEROSPACE  SYSTEMS 

Mar  1973  322  p reft  In  ENGLISH  ar'd  partly  in  FRENCH 

Preeented  ai  24th  itch  Meeting  of  the  Aviomct  Panel  of  AGARD 
Dayton.  Oh»o.  16  19  Oct  1972 
(AGARO  CP-1 14)  Avail  NTIS  HC$18  2b 


Functional  analyeea  of  manned  aerx>apace  eyatema  the 
deaigo  of  automatic  aviooic  equipment  are  reported  Onboard 
computer  cepabifiiiaa  to  perform  deciaion  making  funclinna. 
•daptice  control,  malfunction  dataction  and  companaation 
raal'timt  conirol  ara  contiOb'ad.  For  indtvidual  titlea.  aaa 
N73-23882  through  N73  23905 

N73-238S2  Mattachusetu  Inat  of  Tech..  Ca^^  bridge 

MAN'S  ROLE  IN  INTEGRATED  CONTROL  ANO  INFORMA 
TION  MANAGEMENT  SYSTEk«S 

J L Nevma  and  I S Johnaon  /.**  AGARD  AutomatKK>  in 
Manned  Aeroapace  Syatama  Mar  19'^3  7 p refa  (For 

avBilat»lity  tee  N73-23881  14*31) 

An  information  processing  and  data  managet>'^ent  tyaiem  ti 
reported  that  relieves  mans  role  m such  tasks  as  pre-flight 
subsystem  checkout  and  periodic  system  status  checka  The 
prototype  generalized  display  ahd  command  technique  outlined 
features  a puahplrt^  interactive  control  scheme  with  graphic 
display  m cor^neciion  with  art  airborne  computer  G G 

N73-23863  Office  National  dE'udes  at  de  Racharchas 
Aerospatiales  Paii.'  (France) 

GENERAL  GUIDELINE  FOR  THE  DESIGN  OF  MANNED 
AEROSPACE  VEHICLES 

Jean-Claude  Wanner  In  AGARD  Automation  in  Manned 
Aarospa'*^  Systems  Mar  1973  8 p :a*.z  (^or  availability 

see  N73  23881  14-3D 

The  Franco-British  airworthiness  *hoi.ties  > '>vwed  the  set 
of  technical  specifications  required  fn  'cer  to  insure 

the  safely  of  the  missions  of  this  r^'  w traoepen  air^j^aft  In  ordsr 
to  guide  the  definition  of  these  i cw  regulet  ons  i.  theoretical 
method  was  developed  for  evaluatr  g t'lo  : .>bility  of  th#  misaons 

of  riannad  aerospace  vehicles  1i  c . based  on  an 

trtyaSt*''9t'On  of  tha  vv8y  Of  OCC'jrre^' ?■  It  has  hear^ 

seen  that  an  accident  is  due  to  a sei  >■  ir.  jijants  which  can  be 
classified  into  only  turee  different  types  The  study  v'f  each  type 
ot  incident,  the  probability  of  occurrence  which  has  to  he  reduced 
in  order  10  increase  the  safety  >s  very  useful  to  help  the  designer 
of  a new  prcieci  to  choose  between  possible  solutions  taking 
into  account  the  reliatility  of  the  systems,  the  possible  t uman 
errors  and  the  flight  co. editions  Awthor 

N73-2388^-  Grumman  Aerospace  C^rp . Beihpage  NY 

THE  INFLUENCE  OF  COST  AND  TECHNICAL  RISK  ON  THE 
DESIGN  OF  THE  AVIONICS  SYSTEM  FOR  THE  SPACE 
SHUTTLE 

Howard  T Wright  In  AGARD  Automation  m Manned  Aerospace 
Systems  Mar  1973  9 o (For  availability  see  N73-23881 

14-31) 

The  evolution  of  the  Space  Shuttle  Program  from  its  inception 
to  tho  release  of  the  request  for  proposal  m April  of  1972.  hss 
been  influenced  primarily  by  cost  considerations  Various 
configurations  were  studied  and  cost  pre-flights  were  traded 
egemet  developmental  rosi  These  studies  indicated  operetionel 
costs  between  4 5 milliori  end  15  8 million  dollars  per  flight 
The  baseline  configuration  w.=i:  based  on  toe  bee'  competition 
between  development  and  oper8i>''r.ai  cost  ccnsi'Jerationt  The 
configuration  selected  was  a s>i>eii  oibiu’*'  vehicle  v ith  an  external 
hydiogen  and  oxygen  tank  and  two  solid  rockr.i  er-.gmes  This 
configuration  results  m operational  cost  pei  fnjht  of  approx- 
imately 1 1 million  dollars  Author 

N73-23685  Northrop  Corp  Palos  Verdes  Peninsula.  Calii' 

AUTOMATIC  ACQUISITION  AND  TRACKING  METHOU«i 
EMPLOYED  IN  THE  JOINT  SERVICES  IN  FLIGHT  DATA 
TRANSMISSION  SYSTEM  (JIFDATS) 

V N teiboff  In  AGARD  Aulornatioo  in  Manned  Aerospace 
Systems  Mar  >973  21  p l^or  availability  see  N73-23881 

14  31) 

JirOATO  iS  6r,  all- weetfier.  Jar  r..gh;.  rr.ulii  sensor  ir.  flight 
data  transmission  system  designed  for  use  by  all  the  military 
services  Tf.e  normal  operating  mode  for  JIFDATS  is  automatic 
Except  for  the  utual  checkout,  servicing  and  maintenance  activities 
•n  which  personnel  take  a large  part,  the  only  need  for 
personnel  functions  is  to  establish  the  proper  coridilions  for  system 
operation  turn  on  the  system,  and  mon.loi  the  or  nretion  to 
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«ss4jf«  contmuity  of  d«ta  iranimiMton  In  each  cata  though, 
thara  la  a ma..ual  back  up  moda  for  bvpaaaing  tha  automatic 
faaturaa  of  acquiattion  ar¥j  tracking  A Kcnario  of  a typica!  tactical 
racoAiiaiaaanca  miaaion  la  praaantad  ahowing  tha  variola  atapa 
*akan  by  ii>a  oparator  m tha  aanaor  aircraft,  tha  oparator  in  tha 
raU»  aircraft,  and  paraonnal  at  tha  aurfaca  tarmmai  dunr\g  aach 
phaaa  of  tha  miaaion  It  is  shown  how  iha  ralay  aircraft 
autorr\atically  acguira*  :ha  aanaor  aircraft  which  is  iranamittmg 
a low  barvtwidth  signal  on  an  omm  diractiorul  antanna.  whila  it 
rotatas  ita  high  gam  r^arrow  baam  directional  antanna  Tha  sensor 
aircraft  k>cka  on  to  the  ralay  white  tha  relay  and  ground  larrmnalt 
acquire  and  track.  Author 

N73'23M0  Contiglio  Naiionala  della  Ricercha.  Genoa  (Italy) 
DETERMINATION  OF  AN  OPTIMAL  TRAJECTORY  IN  THE 
PRESENCE  OF  RISK 

A T(arK>.  P Dagoinc.  ar>d  M Piatialh  In  AGARO  Automation 
in  Manned  Aerospace  Systems  Mar  1973  19  p refs  (For 

availability  see  N73-238S1  14-31) 

A controlled  dynamic  sysiam  is  contidared  that  displacas 
wilhm  an  assigned  space,  where  r movirtg  targets  are  contained 
An  optimal  control  saquonca  translars  tne  aystam  from  an  initial 
point  to  a praaat  terminal  point  sc  that  tha  optimal  trajectory  it 
tha  orva  which,  complying  with  some  safety  constraints  imposed 
i^y  tha  targets,  mimmuas  a given  coat  function  Asaomiog  that 
the  iystam  may  be  supplied  with  periodical  information  about 
the  motion  of  the  targets,  a numerical  algorithm  utilitiog  a dynam'c 
programminQ  procedure  it  determined  This  procedure  •;  applied 
to  two  practical  problems  (1)  Manna  anticollision  aided  by 
computen/ed  radar  systems  in  ihe  presence  of  N targets.  ar»d 
(2)  determination  of  an  optimal  evasion  strategy  in  the  pras- 
erKe  of  cyclonic  disturbances  Author 

N73-23SS7  u'nrth  American  Rockw«.M  Corp , Oownay.  Ca'if 
Space  O.v 

SPACE  STATION  INFORMATION  SYSTEM  REQUIRE 
MENTS:  A CASE  HISTO.*TY  OF  MAN-MACHINE  SYSTEM 
DEFINITION 

C R Gerber  In  AGARO  AutomePon  in  Manned  Aerosp:*ce 
Svatamt  Mar  19/3  U p (For  avau*nility  see  N73-23681 
14-31) 

The  NASA  specs  station  definition  studies  incorporate  a 
multiplicity  of  automated  supporting  functions  to  et>^ance  the 
useful  work  capability  of  very  few  men  The  SS  information 
syatem  is  the  means  by  which  the  men  interface  with  c*i 
subayatems.  jpace  eapenments.  other  vehicles.  groo-*d  support 
facilitiet  and  personnel  M is  therefore  a driver  m determining 
what  program  and  mtssioo  oojectives  can  be  satisfied  The  aludy 
resulted  in  the  definition  of  an  information  aubsystem  consisting 
of  a unique  combination  of  multi  processing  computation,  internal 
data  distribution  via  a digital  data  bus.  crew  interfacing  via  a 
set  of  multi-purp>os6  display  and  control  consoles,  jnd  external 
data  distribution  via  a combination  of  VHF.  S <i.''d  K band  RF 
links  Author 


iN73-23SSS*  International  business  Machines  Corp  Houston 
Tei  Federal  Syatema  Oiv 

AUTOMATED  TECHNIQUES  FOR  SPACECRAFT  MONITOR 
INO 

I H Richard  Segnar  In  AGARO  Automalron  in  Manned  Aerospace 

i Systems  Feb  1972  12  p refs  Sportsored  by  NASA  (For 

i evailebilny  see  N73-23881  14-31) 

j CSCL  228 

The  feasibility  of  implementing  automated  spacecraft 
monitoimg  depends  on  four  factors  sufficient  computer  resources, 
suitable  monitoring  function  definitions,  adequate  spacecraft  data, 
and  effective  arid  economical  test  systems  The  adventagea  of 
autoinatad  monitoring  he  m the  decision -making  soaed  of  Iha 
> computer  and  tne  continuous  monitoring  coverage  provided  by 

an  automated  monitoring  progror.i  Use  of  these  advantages 
introduce.*  a new  concept  of  spacecraft  monitoring  m which 
syatem  specialists  ground  based  or  onboard  freed  from  routine 
and  tedious  monitocng.  could  d«tv'jte  their  ex.iertitn  to  unpro 
grammed  or  contingency  ailuaiion^  Author 


N73-23S69  Saab  Aircraft  Co  . Lnkoping  (Sweden)  Syattma 
and  Aviofiica  Dept 

SOME  DEVELOPMENT  TRENDS  IN  THE  INTEGRATION  OF 
ELECTRONIC  SYSTEMS  IN  THE  SWEDISH  AIRCRAFT 
37  VIQOEN 

Sengt  Stoeben  m AGARO  Automation  m Mani:^  Aerospace 
Syatema  Mar  1973  S p (For  availability  see  N73-23681 
14-31) 

The  Swedish  37  VIGGEN  aircraft  la  beirtg  developed  m aevei^i 
veraiona  ar^  tha  electronic  ayaiems  of  the  ansck  vera*on  and 
the  later  fighter  vararon  ara  compared  and  aoma  devsiopmant 
tfersde  are  diacusaed.  An  ir>craaaed  role  of  the  central  comp’.iter 
IS  recognaed  aa  well  aa  a trand  towarda  digiialaaiion  of  severai 
subeyatams  Author 

N73-23&90  Aantalia  Turin  (Italy) 

MULTILOOP  ATTITUDE  CONTROL  SYSTEM  FOR  A 
SATELLITE  WITH  FLEXIBLE  BOOMS 

R OiLorento  and  E OaSernardis  In  AGARO  Automation  m 
Manrwd  Aerospace  Syi:t».ms  Mar  1973  13  p raft  (For 

availabilitY  see  N73-23881  K-31) 

A Claes  of  mortientum  atchang*  devices  control  configurations 
has  been  considered,  namely  that  wi.*ch  provide  a momentum 
quite  larger  elor^g  one  body  axes  ralhei  than  along  tlie  other 
oryea  The  general  equations  of  a aatelhte  controlled  m such  a 
way  have  beer^  used  m order  to  provide  a c<'  ntrol  syatem  which 
It  indepervdent  from  the  particular  devicaa  used,  these  equations 
have  bean  modified  m order  to  take  mto  account  that  the  satellite 
hea  a couple  of  flexible  booms  A simple  multiloop  cor^troller 
hat  been  designed  for  such  equaiiorts.  and  it  la  shown  that  to 
adapt  It  to  each  particular  actuators  configuration  it  is  only 
necessery  to  design  three  very  conventionel  inrwr  control  loops 
Finely-  e simuletir^n  of  the  *ull  flexible  systems  has  bean  made 
•amg  FORTRAN  5.  with  raasonabla  numerical  values  of  the 
satellite  cvn-n.irc  paremetors.  whc.'C  it  -t  Shown  that  a ccntroUcr 
designed  considering  ngio  the  whole  saieiiita  results  aiihar  m 
inatab’hty  or  vary  degraded  pcmtmg  accuracy  Author 

N73-238S1*  National  Aeronautics  and  Space  Admin.ttraiion 
Marshall  Space  Flight  Center,  Huntsville.  Ala 
OPTIMUM  SPACEBORNE  COMPUTER  SYSTEM  DESIGN  BY 
SIMULATION 

T Williams  (Computer  Sci  Corp  . Huntsville.  Ala  ).  H Kernar.  J 
L Weatherbee  (Compuler  Sc.  Corp  . Huntsville.  Ala  ),  0 S Teylor 
(Cx)mp ‘ter  Sci  Corp.  Huntsvi  >e.  Ala),  and  B Hodges  In  AGARO 
Automation  in  Manned  Aeroepace  Systems  Mar  1973  12  p 

reff  (For  availability  see  N73-23881  14-31) 

CSCL  (798 

A deterministic  simuletor  is  described  which  models  the 
Auic^meticsMy  Reconfigurable  Modular  Multiprocessor  Syster.i 
(AflMMS).  e cendidere  computer  system  for  future  menned  and 
unmanned  apace  missiona  lie  use  es  a tool  to  study  and  determine 
the  minimum  computer  system  configuration  necaiaery  to  satisfy 
the  on-board  computational  requirements  of  a TypiCdi  mission  ii 
prosented  Ttie  paper  deacribes  how  the  computer  syatem 
configuration  is  determined  in  order  to  aetitfy  the  data  proceaaing 
demand  of  the  various  shuttle  booster  subsyiems  The  configure- 
tiOt>  which  If  developed  es  e result  of  studies  with  the  simulator 
la  optimal  with  reaped  to  tn^  efficient  use  of  con  outer  system 
resources  Author 

N73-23892  Consiglio  Nazionele  della  Ricerche  Pisa  (Italy)  1st 
di  Elaboraziona  dell  Informa/ione 

EXTENSION  OF  SIMULA  87  FOR  PROCESS  CONTROL 

Julius2  H.  Kardasz  in  AGARO  Automation  m Manned  Aerospace 
Systems  Mar  1973  13  p refs  (For  aveilability  see  N73  23881 

14  31) 

Copyright 

An  exteniion  of  SIMULA  67  towards  process  control  is 
reponeO  The  extension  is  prepared  wiiii  an  idea  of  using  it  to 
control  large  ayatems  of  mterconnectad  devices  where  the 
neceaiity  for  rea)  time  simgletior^  arises  m order  to  define  a 
future  behaviour  of  (he  system  This  extension  combines  both 
cherecteriftics  of  procedural  and  fill  m-the  ! lank  (format  onented) 
languages  The  programming  rea<jirements  for  process  control 
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ippl»c«m;r)s  ar«  or^  and  « ccmp«h«oo  c»  b#Tw*«n 

K>mc  aigonthmic  lango^^  with  r«ap«ct  to  «a«  d#gr««a  m wh»ch 
lh«v  m%M  th«M  r«quiranK  This  diacuttion  ihowi  that 
SiMUlA  b7  raquiraa  th«  mtiw  ^K>n  of  l«aa  rv#w  eoAcopta 
than  oihar  langoagot  in  ordor  to  b«  » :«ndod  for  procdU  control 
Th**#  n«wr  concopu  mcluda  firat  of  ai)  *h*  tntarfaca  with  a 
procaaa  which  it  mtroducad  by  an  aiiamal  c'au  iC  ba  impiamanta- 
tion  dafir>od  A procodural  ianguaga  it  uaad  for  con»:*vjcting  th# 
body  of  tha  ayttam.  corr^poaad  of  procadurat  and  claaaa* 

N73-23693*  Naiijnai  Aaronautica  and  Spaca  Administration 
lynoon  6 Johnaon  Spaca  Cantar.  Hooaton.  Tax 
SYSTEMS  ESFOPIMANCE  MONITORINQ  FOR  ADVANCED 
MANNED  SPACECRAFT 

T V Chambart  In  AGARO  Automation  m Ma*  nad  Aarotpaca 
Systarna  Mar  1073  16  p rata  (For  availa'^'lity  Me  N73-2366 1 

14  31) 

CSCL  22a 

Optimum  ayttam  macharuiationt  for  advanced  manned 
tpacacraft  are  conaidared  Savaral  atudiaa  have  piopo&ed 
automation  of  the  onboard  tystem  management  task,  with 
functions  Such  as  system  ttSius  monitoring,  co tfiguration 
management,  and  redundarK'^  management  being  accomplished 
uridar  cornouter  control  An  experimental  system  was  used  in 
the  iebo  iiory  to  investigeie  hardware  ar>d  software  requirements 
(or  accomplishing  these  onboa<d  aysiam  management  functions 
A perlon.-iance  monitor  lYitem  it  proposed  for  the  space  shuttle 
This  system  provides  support  to  the  flight  crew  i^i  tho  management 
of  all  onboard  systems  but  does  noi  perfoim  rntxel  switching 
functions  dunng  the  flight  phase  Author 

N73-2?)d4  Selenia  So  A.  Rome  (Italy) 

A GENERAL  PURPOSE  COMPUTER  FOR  SPACEBORNE 
APPLICATIONS 

$ Bcesso  and  R Csmberale  In  AGARO  Autonri'ition  m Manned 
Aerospace  Syitciris  Mar  1973  16  p (Fc/r  availability  see 

N73-23881  14-31) 

A modular  expanaaole  computer  system  is  studied  for  a 
wide  range  of  possible  Sf^ace  missions  The  mam  goals  m designing 
the  computer  have  been  maximunn  iianbility  and  reliability 
minimum  weight  and  powar  consumption  and  growth  capability 
to  fit  future  mission  'equiramants  The  study  resulted  m a store  1 
program.  16  bit.  pa'illei  machine,  with  microprogran  med  contrul 
which  allows  full  arithmetic  and  logic  capab«l<ty  li  ju<  output 
includes  program-t.ontrollod  and  direct  memory-access  chjor.eis 
Ihe  m;ir.  points  of  trade-off  for  system  design  are  presented 
and  a description  of  the  basic  computer  units  i'.  the  functional 
block  level  is  given  Author 

N73-23096  Sociele  Nationale  Ir'Custnelle  Aerospaiiaie  Paris 

(Francs) 

iNERTlALESS  FLIGHT  METHODS  [PROCEOE  OE  SURVOL 
NON  INERTIEL) 

P J Biqeon  J Langlois.  arxJ  R Berrqir  M AGARO  Automation 
tn  Manned  Aerospace  Systems  Mar  1973  19  p in  FRENCH 

(For  availability  see  N73-23881  14-31) 

An  automatic  inerlialets  flight  control  and  guidance  system 

15  repoaed  that  determines  ei'craft  position  by  precisely  calculatinq 

BCiuel  flight  course  dev>atioi>  for  telemetric  guidance  correction 
An  onboard  computer  proce»ses  data  from  a platform  containing 
Oirectional  and  vertical  gyroscopes,  f'om  an  automatic  pilot,  orid 
from  an  atmospheric  pressure  sensor  Trans)  by  G G 

N73-23696  Roys)  Aircraft  Esiablishrnent.  Farnborpugh  (England) 

THE  EXRFRIMENTAL  EVALUA'IfON  OF  AUTOMATE. > 
navii^^^TION  SYSTEMS 

J G Carr  In  AGARO  Automation  m Manned  Aerospace  Systems 
Mar  1973  13  p (For  availability  see  N73  23861  14  31) 

Certain  aspects  of  automated  avionics  systems  which  art 
being  examined  m the  RAE  Cornet  exercise  are  described  The 
emphasis  is  on  navigation  systems  and  includes  the  wo  k on 
digital  computers  and  on-board  digital  communication  techniques, 
software  developmenit  including  Ihe  use  of  high  level  program 
ming  languages,  and  the  use  of  comuuter  controlled  electronic 
displays  The  laboratory  work  using  simulated  navigation  sensor 


mputs  into  an  ex^nmertsl  ayetem  comprising  a digital  computer 
and  electronic  displays  'S  Gcscribed  A Comet  4 aircraft  has 
been  re-equipped  es  a fivi«''-2  laboratory  for  this  work  The 
tnetallatk>n  m tha  cebin  of  the  aircraft  and  some  of  the  current 
experimental  mvastigetioos  are  described  The  cockpit  of  the 
Comet  has  also  been  modified  hy  the  addition  ot  •>pernr.fntel 
electronic  displays  to  the  second  pilot's  instrument  penel 

Author 

N73-23M7  Systems  Cont.ol.  Inc . Palo  Alto.  Calif 
CURRENT  BTATdB  OF  MODELS  FOR  THE  HUMAN 
OPERATOR  AS  A CONTROLLER  AND  DECISION  MAKER 
MANNED  AEROSPACE  SYSTEMS 
A V t>etak  anj  0 L Kleinman  In  AGARO  Automation  in 
Manned  Aeic?naca  Syateme  Mar.  1973  10  p raft  (For 

avaiiabilitv  see  N73  ?38B1  14-31) 

Mathematical  models  c'  human  decision  processes  anc 
adaptive  behavior  Hava  been  p.*i>posed  for  specific  control 
•rtuatiom  Accepted  lechntquea  and  rr>ou*l«  for  anelyxmg  and 
predicting  human  performar^ce  in  complex  muUi  control  and 
multi-display  situations  commonly  four>d  in  aerospace  »yc*eni 
are  surveyed  Th#  models  have  been  dsvetoped  or  proposed  for 
the  related  human  functions  of  information  proceisir>g.  dectaion 
making  and  control  The  relative  advantages,  disadvantages  and 
limrtations  of  each  of  th#  modaiir^g  Khemat  are  discusMd  and 
eroepects  for  r..acheru2ing  all  or  part  of  the  decision  functions 
performed  by  human  operators  ara  considered,  apacific  examples 
being  in  the  automation  of  human  failure  detection  ar>d  adaptation 
to  suoden  changes  in  the  ayttam  operating  cor>ditions.  Author 


N73-23898  Hoyal  Airci  Establishmer.:  Bedford  (England) 
MANUAL  LANDING  IN  FOG 

R R Ntwbery  In  AGARD  Automation  in  Manned  Aerotpece 
$vv»ams  Mar  1973  19  p rofs  (For  avaiJabiUty  sac  N73  23981 
14-31) 

The  retuMs  of  18  fog  flying  sortiea  usmg  a Category  II 
operetion  terminated  by  a manual  landing  have  been  analyzed 
m en  attempt  >o  learn  more  about  the  pilot  s capabilities  in  this 
environment  Measurements  ware  made  to  correlate  the  pilot's 
decision  making  process  with  actual  fog  structures  m real 
operation  A wide  variety  of  fog  structure  and  v»sux|  aequancei 
are  illuftraied  which  demonstrate  the  lack  of  reletionship  between 
the  Visual  segment  el  high  decision  heights,  the  height  at  which 
visual  contact  is  f^sl  made  and  the  runway  visual  range 
measurement  The  pilots  felt  that  Category  II  operation  was 
sueightforward  provided  that  good  quality  approach  performance, 
stnci  crew  drills  a accurate  RVR  reporting  to  give  warning  of 
shallow  or  changing  fog  cor>diiions  along  the  runway  were 
maintained  Author 


N73-23899  Aerospace  Medical  Research  Labs  . Wnght- Patterson 
AFB.  Ohio 

MONTE  CARLO  SIMULATION  OF  DEGRADED  MAN 
MACHINE  PERFORMANCE 

Gereid  P Oubb  In  AGARD  Automation  m Manned  Aerospace 
Syviems  Mar  1973  lip  rafs  (For  availability  tae  N73  23681 
14  31) 

System  vulnerability  is  a function  of  both  human  and  hardware 
vulneiabrlrties  lo  anticipated  threat  environments  The  feasibility 
of  considering  the  interaction  of  man  and  machine  oegradation 
ur>der  nuclear  attack  conditions  has  receiitly  teen  demonstrated 
It  appears  that  tha  technique  may  be  useful  in  identifying  certain 
ettualK>ns  where  automation  may  be  part.cular'y  useful  urder 
these  attack  conditiona  although  the  requirement  is  not  obvious 
from  analyses  of  system  performance  under  nominal  operating 
conditions  The  approach-  taken  appears  guneralizsbie  to  other 
degradation  conditions,  such  at  mfiight  malfunctions  and 
conventionel  wsapons  battle  damage  Given  suggested  changes 
in  man-machine  task  sequencing,  the  model  can  aid  m assessmg 
ho*-v  these  changes  may  affect  selected  systerris  eHect'ver.rss 
measures  A number  of  refinements  a'^d  extensions  to  the  current 
capabilities  of  this  model  ere  envisioned  end  briefly  discussed 

Author 
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N73-23800  Mtrconi-Ellion  AviOAic  Sv«t«mt  Ltd.  Roclmt«r 
<Cr»Qj«nd) 

OEVEtOrMCNTt  IN  AIRCRAFT  DIGITAL  SYSTEMS 
R ^nd  € M.  Scott  M AGARO  Auiom«t»oo  «>  Marmod 

AtrotpdCd  SyM«ma  Mar  1973  11  p IFor  tvailabiJitY  *— 

N73  23S81  14  31) 

Tha  affacu  of  tha  ralationahip  ^atwaan  uMt  rtaad  ar\d 
tachnologira*  capaUIrty  ara  considarad  for  flight  control  M Oppoaad 
to  rtavigation  ai^  aoma  phyaicai  charactanatica  of  currant  digital 
autopdota  ara  givan  Tha  furKiiortal  drvPion  and  mtagration  of 
avionic  aubayatama  ara  conaidarad  and  rt  « concludad  that 
anagration  m tha  form  of  looaafy  fadcraiad  groupa  of  r'-iatad 
ayatama  m prafarrad  to  th#  cantraliaad  oomputar  complax  m cprta 
of  <ta  apparant  concaptual  aimplicity  Tha  concapt  of  tatk 
onantod  computara  ia  diacuatod  and  tha  maat  paramatara  of 
aofTi#  a>«t»nQ  anamplaa  aragivan  Soma  daUiitof  tha  architactura. 
aoftwara  and  hardwara  for  thia  typa  of  computar  ara  grvan  Ar. 
axampla  uf  tha  application  to  automatic  flight  control  with  a 
raquiramant  for  a fad  oparairva  capabtlity  «a  grvan  artd  tha  proMam 
of  daalirig  with  idarancaa  batwaan  oparatmg  Ignat  it  bnafly 
docuaaad  Author 

N73-23901  Hawkar  Siddalay  Aviatior..  Lid  Harfiald  (England) 
HUMAN  FACTORS  IN  LOW  WEATHER  OPERATION  OF 
TRANSPORT  AIRCRAFT 

J W Wriaon  M AGARO  Automation  in  Mannad  Aaroapaca 
Eyatama  Mgr  1973  S p (For  availabiliry  aaa  N73-23661 
14  31' 

Practical  axpananca  gamad  during  tha  manufacturar  a flight 
davalopmant  taaimg  and  airlma  m aarvica  oparation  of  a 
failura  aurvival  Caiagory  3 auiomatic  landing  fyaiam  la  rgvigwad 
for  tndicaliona  of  iha  actant  to  which  human  factora  hava  affactad 
tha  datign  of  tha  ayatam  and  tha  tachmquaa  uaad  by  tha  airtm# 
in  ordar  to  raach  tha  vary  high  aafaty  %vala  that  ara  nacaaaary 
Tha  important  factora  influanc«ng  tha  complaifty  of  the  taak  ara 
(1)  PfOV'S’on  of  adacuBte  r^on<te''og  dfv'caa  located  m !hg 
optimum  araa  of  aach  craw  mambar'a  primary  vtiuai  acao.  to 
anabla  tha  pilot  lo  kaap  ahaad  of  tha  oparation  of  tha  automatic 
control  ayaiami.  (2)  application  of  idanticai  procaduraa  for  u»a 
in  CalagofY  1 . 2 or  3 waathar,  (3)  daaign  of  thg  »vvtam  $nd 
davalopmant  of  procaourat  such  that  tha  maximum  numbar  of 
manual  and  automatic  functions  that  rgquira  action  chackmg  or 
monitoring  can  ba  compiatad  bafora  tha  final  siaga  of  tha  approach 
(0  land,  and  (4)  tha  dacisicn  to  lar>d  should  ba  mads  as  low  as 
.xHSibla  compatiWa  with  a go  around  pijrtormanca  which  will 
not  oormaDy  result  m touchdown  Author 

N73-23902  Air  Forca  Systems  Command.  Wnghi- Patterson  APS. 
Ohio  Airborr>a  Computer  Engineering  B'grvch 
AVIONIC  SYSTEMS  INTEGRATION  USING  DIGITAL 
COMPUTERS 

Erwin  C Gangi  In  AGARO  Automation  in  Manned  Aarospace 
^Vitems  Mar  b p (l-or  avaiiabiiitv  sea  N73  23661 

14-31) 

Present  waspon  tvstams  use  a mulupliciiy  of  sigrial  formats 
and  transmission  lachniques  for  information  transfer  within  an 
ir.tegrai'SJ  avionics  system  The  implementation  of  a serial  digital 
data  but  as  tha  primary  meant  of  functionally  communicating 
and  intarconnacimg  tha  various  equipments  is  dtsenbad  If  a 
tystam  rs  logicsllv  partitioned  to  the  data  ■!  supples,  requires 
or  processes,  than  with  a flexibly  datignad  digital  data  bus  and 
standard  intarfscas.  it  can  easily  ba  mtagratad  through  tha 
compuiar  software  Modification  of  resign  of  the  mulnpiaxed 
data  bus  concept  is  a msttar  of  reconfigur.'iticn  of  the  building 
tXocka.  adding  and  delating  at  required  an)  then  changing  the 
software  to  reintegrate  the  new  configure. K>n.  aaving  the  costly 
rewiring  and  redesigning  of  the  computer  converter  box  The 
computar  la  now  a separata  Ima  raplacaabla  unit,  not  subject  to 
obsolascarKe  due  to  ayatems  modificaiioot  Author 


N73-23903  Smitlis  mkJusI'»vs.  Ltd.  Chatienhem  (Englandr 
Aviation  Div 

THE  EXPONENTIAL  PROBARILITY  DISTRIBUTION  AND  ITS 
USE  IN  ASSESSING  THE  PERFORMANCE  STATI8TIC8  OF 
AEROSPACE  SYSTEMS 


O A Uoyd  M AGARO  Automation  m Manned  Aaiospace 
Systema  Mar  Id73  31  p reft  (For  availability  see  N73  23861 
14  3U 

The  siaiisiics  of  the  output  state  vanablei  of  auttmatic 
aeroapace  ayatama  ar#  of  conaiderabla  intaraat  and  of  wide 
application,  panicularly  m the  caaa  of  manned  ayatems  The  '.apar 
ahowa  that  tha  axponamiai  probability  diatnbution  can  be  used 
aa  an  approximation  to  the  diatnbutiona  of  the  output  a’ste 
vanablea  of  practical  aeroapace  ayatems  for  a wide  range  cf 
practical  Situations  Tha  usa  of  the  axponential  diatnbution  aa  a 
practical  mathematical  tool  is  suggested  m the  assessment  o.' 
aoma  of  tha  performance  statistica  of  aeroapace  tyttamt  both 
for  preliminary  calculattons  and  for  final  cakulationa  involving 
tha  extrapolatMsn  of  teat  results  Author 

N73-23904*  .^.^ronsutics  and  Spaca  Admini.,iration. 

Wia^.ingti..'  DC 

POIENTiy.L  TELEOPERATJR  APPLICATIONS  IN  MANNED 

AERC«»^  c:  C'*sr:r:i 

Edwin  G Johnsen  In  AGARD  Automation  m Manned  Aerospace 
Systems  Mar  1973  p lafs  (For  availability  see  N73-23881 
14  31) 

CSCL  OSH 

Tha  trgr^d  of  talaoperatcr  davalopmant  is  toward  digi'cl  com- 
putar contioHad  sysiamt  which  utili/e  local  sensor-compuiar- 
aciuator  loops  to  avoid  obstacles  and  to  sense  manipulator  grip- 
and-siip  The  potential  app(icaiiont  of  advanced  taleoparator  tech- 
nology to  mannad  aerospace  systems  irxiluda  long  manipulator 
booms  to  be  mounted  on  the  shuttle  These  can  transfer  cargo  from 
tha  spaca  shuttle  and  can  acquire  and  retrieve  objects  m space 
Free  flying  lelaoperators  espabie  of  acquiring,  inspecting,  repairing 
or  refurbishing  satellites  in  orbit  are  another  spaca  applicatron 
Anothar  potaniial  application  of  telec.rerator  tachnplogv  is  the 
concept  of  using  an  anthropomorphous  taleoparator  m hau  of 
man  to  control  aircraft  or  spacecraft  normally  conirolled  by  a 
human  pilot  Author 

N73-2390S  Boeing  Co  Seattle.  Wash 
MAN  MACHINE  CONSIDERATIONS  IN  THE  DEVELOP- 
MENT OF  A COCKPIT  FOR  AN  ADVANCED  TACTICAL 
FIGHTER 

S Joel  Premsatsar  and  0 E Fraarson  (AFFDU  M AGARD 
Automaiton  in  Manned  Aerospace  Syiiems  Mar  1973  20  p 
(For  avaiiebil-ty  see  N73-23661  14  3D 

A revolutionary  cockpit  concept  for  e 1975-85  one-man. 
muMi-mission  fighter  aircraft  completed  an  initial  S'muiaiion  phase 
recently  The  design  goal  of  this  concept  iS  to  achieve  a rne-man 
workload  level  by  presenting  the  pilot  only  the  information 
necessary  for  the  periicular  mission  segment  ha  is  performing, 
end  yet  provide  rrenmum  flexibility  m terms  of  pilot  options 
Key  elements  of  the  cockpit  design  are  Miiliipig.  tima-sharad 
eiecTfonic  dixpUyx  keybosrfi  jfxJ  voice  command  computsr 
input  devicas  wrap-around  cockpit  arrangement  for  ease  of  access 
to  tha  control  display  devicai.  an  integrated  total  energy 
command  and  a system  of  dapandt-ni  automation  (hat  permits 
reduced  pilot  workload  during  anomalies  The  simulator  provides 
a one-of-a-kind  capability  for  axammation  of  the  fliglit  deck  design 
issues  involved  m tailoring  the  power  and  flexibility  of  the  co.npuier 
to  the  napebilitias  and  limitations  of  the  human  pilot  m the 
performance  of  hit  miaston  Author 
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trKlud#«  fttruclural  •lament  d*«ign  ind  wetgHt  •nalysift 
latigue  thermal  alratt  impact  phenomena,  vibration 
llutter  inflaiabia  ii<uciuiet  and  iiiociorai  latu  *oi  raiaiad 
information  tea  alio  W Matanila  Malailic  and  18 
Matcnala  Nonmeiallic 


N71-2012SI  Advisory  Group  lor  Aeiuspaca  Resaarct.  and 
Davalopmant.  Paris  I Franca) 

STRUCTURAL  DESIGN  APPLICATIONS  OF 
MATHEMATICAL  PROGRAMMING  TECHNIQUES 

G G Pope  and  L A Schmii  ads  Feb  1971  203  p rets 
lAGARO  AG  149  71  AGAROOGRAPH  149i  Avail  NflS 

CONTENTS 

1 INTRODUCTION  AHO  BASIC  CONCEPTS  L A Schm.t 

and  G G Pope  p 2 13  'e's  iSee  N7I  20129  09  32i 

2 A BASIS  FOR  ASSESSING  The  STATE  OF  THE 
ART  A Schmit  O 14  29  rets  ISee  N71  20130  09  321 

3 CL.ASSICAL  optimization  THEORT  RELEVANT 
TO  the  design  of  AEROSPACE  STRUCTURES  G G Pope 
p 30  33  rels  'See  N71 -20131  09  32i 

4 literature  re  .TEW  AND  ASSESSMENT  OF  THE 

PRESENT  POSITION  L A ScTrnii  p 34  4S  'cH  'See 

N7  1 20132  09  3cl 

5 SEQUENCE  OF  LINEAR  PROGRAMS  G G Pppe 
p 48  54  Ills  iSeeN7l  20133  09  081 

C tj  •*»  CC  C w 1 ^a'  IfcA  Tl  0 APPROACHES 

TO  CONSTfiAiNeO  PROBlfWS  R I fo*  p 6b  78  <els  tSee 
N71  20134  09  19) 

7 OifteCTlON  MeiHOOS  J S K;>war.ii 

p 79  93  reli  'S«c  N71  20136  09  19' 

e computer  programs  for  the  optimum  design 
OF  COMPLEX  EDASTlC  STRUCTURES  0 G Pope  o 96  101 
lefs  iSee  N71  20136  09  06' 

9 special  purpose  applications  L a Schmii 

p 102  123  reK  iSeeN7l  20137  09  19- 

10  OPTlM!2AnON  Of  structures  V\.  m RUIA0ILITY 

constraints  F Mose^  p 126  143  -SeeN?!  20U8 

C9  32. 

11  OPTIMIZATION  UNOFR  AEtIOELASTil  constraints  H 

1 AsHle>  S C McR'-lo^h  a' ;l  ‘A  H WpaWuf'Niii  w M4  173 

f«fs  iS^e  N71  20139  09  32i 

12  OPTi  VlZATiO'.  TtCHNIOUES  IN  AiRCRaF' 

CONfiUURATiON  0*  SiG  - 8 S.iv*.-;  ai=  ) H '74  194 

i3*f;  N71  20140  OS  ?2' 

N71  20129»  f'-  ivi'.of,  Gfoo()  to.  Ae.osi.a'.t'  R-'-.'^a  fO*  a'.d 

Oe  v^'loprnt*.'!  Pd'*’/  ■ 1 ( an/.E.rr 

INTRODUCTION  AND  BASIC  CONCEPTS 

A Schrnii  and  0 0 PfjfTe  ■ Sifvc'vjia  A;  fi!  ot 

Mathepiai'i.ai  P'OyFd'M'tiifK)  Te^i*  F^l.  '971  p 2 13  ‘.'L,  ■So*' 

N7  1 20128  09  32- 
Avail  NTiS 

The  a'.pl'catiO'*  ol  faihefiatical  i.fog. f'i*.-|iM_.  jv  \'j 
i aflEospace  slnj.i!i;iai  Oe^'iy.'  a '.is'  nsse<l  H'*’  luii‘la.”»'**iai  I'l*’  is  a.e 

' iMusi'ai'.’d  bt  »onsi‘i*.‘Mng  Die  pI».‘»m'/>i iP , e » .jii'f lie •-  *jI  a ■•'••pi/ 

.ijppo'led  col'irnn  a-’'d  a :v/0  Da'  D'f.-,  Tti«.-  If d'MiuT'.t)  dpl-'Mi  I'.l*  to 

Icasi  weiybi  design  of  a*  -'dR  sCuci  I'cs  i^  sidD.-o  i'>  t.'*  lf»»f»ii.ljp>ig 
ifi©  cDi‘Dii;ahon  p.oijiein  in  leirris  of  ecjuaiiO'.s  a'’i(J  a vafi.-iioi’  .s 
* (he  'ecJ'jCtio.'  of  lh»j  (zbieci'v*.-  luoclion  (o  one  o'  a s»ngie  v}iiao>e 

^ TerfTi  nologv  mathemaiicai  pfoqfammir.y  delired  md  ihe 

f main  fealn  es  if>  app'»ing  ifm  leclmKjueS  to  ‘j(fuf.tufal  de'igf' 

I o'.^fli'iF-fl  Mbtrifina*  ' ai  p'oy:dn-..-nu  o i»>cf«  • oue*’.  appl»t  f !o  n.atenaK 

L seie<,(on  r,  .MJdi  , '.fiafri-.ien/ei:  Ot  a ciiscf*:ie  sel  of  avaiia'Je 

f rnaiCMdis  e e-'  Id  cu'";. osiie  maipaa'>  NE  N 
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NV1  20130)^  Advisory  Grouo  for  Aerospace  Research  end 
Oevelopmen!  Pans  iFrancei 

A flA\8lS  FOR  ASSESSING  THE  STATE  OF  THE  ART 

L A Schmit  In  f/s  SOucturai  Design  A.opi  of  Mathematical 
F-fOgraiiimmg  Tech  Feb  1971  p 14  29  rets  (Sec  N71  20128 

09  32' 

Avail  NIlS 

The  design  philosophy  «n  comb.nmg  comr,yief  onented 
structural  anal’.'S'S  with  maihemaiicai  programming*  methods  i$ 
described  One  approach  to  the  problem  ir  to  design  i7>e  structure 
so  that  initial  yielding  under  service  load  conrt'iions  is  avoidtd.  and 
another  >s  to  design  so  as  to  prevent  colioose  under  service 
load  cor^diiions  Design  variables  and  we  ght  mimmujiion  as  the 
obieci've  function  dfe  described  forr'^ulaiions  are  discussed  and 
include  sequence  of  linear  pfog-ams  sequence  of  unconstrained 
nLinimifdtions  basic  nonlinear  pfogiammu^g  arxl  cias.  i;ai  form-jlaton 
of  the  inequality  constrained  mintmi/aiion  problem  N E N 


N71  20131»  AOviso'.  Group  tor  Aerospace  Research  and 
Oevekpm^nt  Pans  ' f 'ance- 

CLASSICAL  OPTIMIZATION  TMEORF  RELEVANT  TO  THE 
design  OI  AEROSPACE  STRUCTURE 

G G Pc  pr-  /'•  Swuctu'a'  Design  avppi  0^  Mathematical 
P*og*amm  ng  Tpcfi  Feb  i97  1 p 30  33  ets  iSe^  N7  1 20126 
09  32- 

Cop>'*yht  Avail  NTiS 

Oes'Q'-  o )t*n  i/abon  pi  df'cvpace  st'uc'u'cs  whir.h  must  behave 
eiastica'ly  unegf  se»»ice  enndninns  is  discuv'. ed  The  classical 
heo'er^i  wvhtr.fl  ippbcabie  directiv  to  ihe  i»asl  weight  design  of 
ti-ghiy  ifleai’/eri  ‘lai'iewo'Ss  is  eni())sasi/ed  M 'S  assumed  that  the 
si-uriu'e  IS  iai)'»c  lie'.’  tioni  d‘>  tiavtis  pe'iectiy  oias'is  n»aieri<i  a.*u 
the  basis  ifieocy  fc  sipyie  and  muHipie  'oad  condiiions  is  given  T>>e 
opti  nufi*  layO'it  o-  l*r«si  vscirjl't  i.’idslic  frameworks  and  general 
p<ot>-‘ri»es  a't'  fits'!'  i.r?'".  N E N 

N71  27132*  A0vi*,'>r,  Group  for  Ac'Oit>ace  Research  and 

Oeveiopmef'i  Pans  -Fra'ice 

LITERATURE  REVU'W  AND  ASSESSMENT  OF  THE 
PRESENT  POSITION 

L A Sch.nij  St  jci  ira'  Cesiqn  Apfii  of  Mathematical 

R'oq'drim'in  jTe<b  Feb  1971  .•  34  4b  ids  iSeeN71  20128 
09  32- 
Avaii  NTiS 

A -evir/.-  Ol  d'tiC.r»S  Of',  malhemai'' d!  programming 

aPl»li'.ai'on%  to  slfuriuf'il  rJcSiqn  opbmi/aiiO''  iimiied  to  finite 
prornerny  is  pry  An  til'pn  *s  inoLie  lu  i'ou*r  i"c  urv  •:iui>»‘iie'“  5 

of  pfim:amn>ing  «3Dt)iM. a! lO'is  and  papers  ihggqhl  to  have  strongly 
.itfliifffM  f<|  p>.s  f1  *v»*lf>f>inr'n*  ' fliscussei;  Guireni  and  future 
PeoDs  <i's  7 flp%c"be''  ^ncl  tmef  reveavs  are  g'veri  on  siruCtural 
ri|>ti'tii/^l'r>n  lo  the  '',r»arruc  res.innse  reqimp  and  le'iabiliiy  based 
slfuU'nal  oplirn  on  N E N 


N7  I 20133*  Advisory  Groui.  I'of  Acroso^v,e  Rcse  'th  and 
O*' veiopmeni  Paris 'France. 

SEQUENCE  OF  LINEAR  PROGRAMS 

u G Pope  • it\  Stnifr-jra'  Oe- -gn  Appi  o'  Maihef''oi'''3i 
Pruu'^.'.if  - fi'j  ie*:'*  Feb  1971  p 4f.  94  rt?ls  Sen  N/1  20128 

09  32* 

Copyr  ght  Avail  NTlS 

Tf»e  '-rduciion  of  ncmlin'-i'  pfr^n-anuTiiny  pro  ,'ems  to  a 
sequence  o'  -nea-  urog-'an.rTiir.u  i.rr  blr^ins  IS  (JiSCt.'CS''  J Inip'jftanl 
propert'fe ; i>r(»qfammir^  pioblems  arid  rnythods  of  (heir 

cons«der«-'i  fi»si  are  Dios'*  ii-  w.ncti  all  con jirair-;''  ,irn  expressed  as 
meg'ral'ties  a'nl  m wfi-wfi  oriiy  !vto  variaoies  an*  involved  Moihogs 
of  n during  the  nonlinear  (>rohleri>s  arp  juiiif'or'  Tne  s fr>()iesi 
appro  ■ h I•n0a''/es  the  ronst'an'ls  an-)  merit  f'ji.:.(rO'i  If-  tfit 
rie-qhi  hour*  cif  r»ri  art)it<a>y  i.'iinl  T‘»t*  ii.ijtiiiig  |ilan«j  rr.eifior) 
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•mploys  the  ofopanv  that  itnean/ed  constraints  m convex  problems 
necessarily  lie  entirely  outside  the  feasible  reQion.  The  move  limit 
method  makes  use  of  artificial  tin. its  on  the  variation  of  the 
d«>:gn  vahabfes  m a typical  linearized  computation  In  all  of  these 
methods,  the  coefficients  of  the  design  variables  lO  the  obieciive 
function  of  the  primal  problem  are  nearly  always  all  positive 

N E N 


N71  201i4ff  Advisory  GfOup  for  Aercvoace  Research  end 
Development  Per*s  (Fre  >cei 

UNCONSTRAINED  MINIMIZATION  APPROACHES  TO 
CONSTRAINED  PROSUEMS 

fl  L fc-«  //)  IIS  Sl'uciu'il  Oaiign  Apol  ol  Matherruiical 
Ptog>?tnming  Tech  Eel  1971  p 55  79  rels  (See  N7  1 -20i  28 

09  J2i 
Avail  NTlS 

Several  unconstrained  minimization  methods  are  discussed 
and  iheir  advantages  and  disadvantages  art  presented  The  basic 
idea  ol  these  methods  is  to  convert  the  constrained  problem  wi|h 
its  obicclive  function  and  eouahty  and  inequality  constraints,  into 
a problem  m which  some  new  function  is  mimoriized  without  regard 
for  constraints  The  solution  to  the  O'lgmai  problem  is  developed 
through  a seauence  of  unconstrained  minimizations  The  reliability 
ol  the  algorithms  their  seQueniiai  iiarure  and  the  strughiforward 
formulation  and  implementation  of  these  methods  are  described 
Formulations  employing  interior  jenalty  functions  air  discussed  in 
Order  to  apply  the  unconstrained  minimization  mec.iod^  to  the 
solution  ol  the  constrained  problem  Formulations  employing  exterior 
penally  functions  and  penalty  functions  for  equality  constraints  are 
also  meniioned  N E N 

N71'20136/f  Advisory  Group  lor  Aerospace  Rpsemch  and 
Oifvelopmtni  Peris  (Francj) 
f t ASIBU  OtPCCTlON  METHODS 

J S Kowaiik  In  its  Siruciurai  Design  Appi  of  Mathematical 
; programming  Tech  Feb  1971  p 79  93  refs  (See  N7 1 -201 28 

! 09  32) 

[ Av»il  NTIS 

i Algorithms  for  solving  a genera*  nonlinear  progrart> ' nng 

probierr,  »f.d  whic'i  havp  proved  to  be  successful  and  ao'  -cable 
. 10  stfuciu-  I optimizai’On  pfobierns  are  discussed  The  aov/zniaqes 

I and  disadv,iniages  o-  the  methods  are  compared  from  tiieoreticai  and 

j cornpuiational  viowpomti  Zoolendijk's  usable  ^easible  direciior^s 

j me*hod  efficiently  reduces  the  problem  to  a seauence  of  imear 

I programmir>g  problerns.  is  finite  foi  quadratic  programming  problems 

! and  can  handle  no'xonve*  problems  A 'Modified  feasible  directions 

I method  utilizes  some  ideas  of  cutimg  plane  method  Rosen  s 

I gradicr>[  pro)eciion  method  uso'.  projections  of  ti>e  objective  function 

• gradient  into  me  manifoio  refined  by  currently  active  constraints 

j Jtie  method  works  with  ■. actors  which  are  feasible  and  usable  and 

J lyplaces  linear  outirr.zaiion  subpioblems  with  matri»  inversion 

I hemes  Gellaily  s ptimum  vector  method  deter/runes  the  direct’on 

I of  search  from  a se'  of  simultaneous  linear  equations  which  can 

br  solved  by  if  e stable  Chpleski  decomposition  me:hod  N E N 


NV1  20’3$i  Advisory  Group  f(rr  Aero'-tjace  Revearch  ar.d 
Oe.  IrjE.rr.env  Paris ‘France’ 

CO'i  VOTER  PROGRAMS  FOR  THE  OPTIMUM  DESIGN  OF 
con  PLEX  ELASTIC  STRUCTURES 

G Pope  III  '(5  Siojciurai  Oe^.ig"  ^opi  of  Ma(f>e(»  siK.ai 
Tf(  amroing  Tech  Peb  (971  n 96  ''Of  Iflis  iSeeN'i  20128 
09  2' 

rah  A. -3. 1 NT'5 

Compute*  progiar^is  d«velG-o  ) fo'  opnmim  design  ol 
.eelized  aerospace  slruriurps  of  arl;.;  = a'v  gcorr'et'r  mr.iurjni'^ 
Of>|ifni/aiifJ"  algorithms  anrj  s»  gnu-r-.s  fiy  (i/hIm  ol^fTiF-n  an;ilys.s  dff' 
descritierj  These  pfogom,  ar.-  c ^n'leme'!  md-  iv  -.’ih  the  .iMo-rn 
of  membm  cross  sect'urTal  .’roas  arirl  thi. ■ ^nr'Ssi'S  l>'.'  sornc  i-iv'-idc 
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facihlias  which  permit  the  lengths  and  spac.ngs  of  riembers  to  he 
varied  within  a prescribed  topology  Rigorous  opt.mijanor. 
procedures  are  emphasi/ed  Computer  programs  developed  to  apply 
mattH.rrtat*cel  ptogrammir^g  techniques  to  the  least  weight  design  of 
complex  stress  skm  structures  and  major  subsequent  comnbulion 
are  discussed  Application  pf  iterative  procedures  for  tne  generation 
of  fully  stressed  designs  'S  also  described  Author 


M71-20137e  Advisory  Group  for  Aerospace  Mesearcn  and 
Oaveionment  Fans  I France) 

srfcialpurpose  applications 

L A Schmil  fn  iti.  Structural  Design  Vppi  of  Mathematical 
Programming  Tech  Feb  1971  p 1u2  123  'efs  (‘.-ec  N7 1 -201 28 

09  32/ 

Avail  NTiS 

A few  examples  of  maihemaiicai  program  ning  applications 
to  specific  structural  design  p'oblems  are  describe  i The  examples 
discussed  pom(  up  the  <mpoMant  role  structural  OtMimizafion  can 
play  <n  evaluating  alternative  design  concepts  and  materials 
based  upon  a comparison  of  optima  The  stiffened  cyi  ndneal  shell 
optimization  cap-^h.i'ty  is  reviewed  in  some  ddai'  The  kxiension  of 
ihis  capabihtv  to  shells  with  slight  meridional  curvature  is  briefly 
discussed  arxl  two  receri'iy  reported  special  pupose  apT  lie  it  ions  to 
fiber  composite  st-ucturus  are  noted  Application  of  an  integrated 
penally  fynciior^  apu  oach  to  the  optimum  design  of  an  ai  latmg 
composite  type  heat  smeld  is  described  A ithor 


N71  201388  Advisory  Group  for  Aerospace  Research  at  d 
Oevetopmeni  Pans  iFranceJ 

OPTIMIZATION  OF  STRUCTURES  WITH  RELIABILITY 
CONSTRAINTS 

f Meses  /'•  Structural  Design  Add  of  Wathemat'cai 
Prog<arnfTuny  Tech  Feb  1971  p 126  143  els  (See  N7 1 -20 1 28 
09  32‘ 

■ Grants  NSF  GK  7-*.  NSFGK.187H 
-\va.i  NTIS 

The  reia'.onship  between  opiimum  design  ol  structure  as 
It  IS  now  formulated  m almost  classical  terms  and  reliability  or 
safely  of  structures  is  studied  The  kinds  of  structures  for  which 
reiisbiii'y  O'  failure  probability  can  reasonably  be  analyzed  and  have 
been  pies^nien  pariicuiarly  m a redesign  or  optimization  procedure 
are  dis'-ussed  As  the  topic  concerns  safety  m a probabilistic 
fra-ncwork  so«ne  attention  is  given  to  relevant  questions  of  probabihlv 
^ansiiiviiy  failure  costs  limited  empirical  information  analysis 
errors  and  safety  phiiosoph  Severa'  examples  of  optimization  with 

i9ii«ljMiiY  u*  lonoiB  P<Ol/Ou>>>it  C0''»  i-**i*S  S'S  prCSCr’ilCd 


N71-20139*8  Advisory  Group  for  Aerospaue  R'jsearch  and 
Development  Paris  iF'ancel 

OPTIMIZATION  UNDER  AEROELASTIC  CONSTRAINTS 

H Ashley  5 C Mclnt'jsh  Jr  and  W H Weamerhill  ir  ts 
Striiclu  al  Design  AppI  of  Mathematical  Prograr.irnmg  Tuch  Feb 
1971  u 144  173  refs  Sponsored  by  NASA  and  the  AF  'See 

N71  20I28C9  32‘ 

■ NASA  CH  I 171901  Avail  NTIS  CSCL20K 

Two  rnaior  lines  Of  development  m trie  o,’l  miza:iOr.  of 
aeroelasiic  consl'ants  for  high  pcrfpf  rriance  ai'craft  design  are 
discussed  The  optimi/inon  of  piofjlems  v/ith  on^  din>ensional  space 
variable  can  be  idp.iiifierl  as  a var laiif/nai  prcoiem  anci  reduced  to 
Systems  of  *'**•’  Order  ordinafy  differential  ejuaiions  Oiscrei'zatio-1 
by  assomp'j.ft^ode  arid  finite  elernent  rnf-.hods  are  also  desciibed 
and  thr;  control  variables  are  repia^e-j  wiin  a fmiie  vector  of  ri 
aoiusiabie  element  properties  Minimization  oi  me  cnoser'  merit 
function  amounis  lo  a sea-'cn  of  n vecio'spac » Mjihematicai 
iJiscuss'Ons  of  exampins  af'-'  g-ven  lor  ea-ti  method  ami  the 
•mporiarire  of  rjeh  rrieU‘0  j m future  desi  ;*rno*'t  is  ■n-Ji'raterf 
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N7Y-20140I  Advisory  Group  for  Aerospace  Research  end 
Oevelopmeni.  Pent  iFrmce) 

OPTIMIZATION  TECHNIQUES  IN  AIRCRAFT 
CONFIGURATION  OtSION 

6 Silver  end  H Ashley  In  its  Structurel  Design  Appl  of 
Mathemeticel  Programming  Tech  Feb  1971  p 1 74  194  refs 

(See  N71  2012809  321 
Avail  NTIS 

Parametric  analysis  and  automated  search  methods  for 
preliminary  design  optimization  are  compared,  and  methods  of 
optimization  that  go  beyond  parametric  analysis  are  investigated 
Irvdirect  methods,  such  as  the  calculus  oi  variations,  are  mentioned 
Direct  methods  of  optimization  are  discussed  including  selection  of 
design  variables.  consira‘nt  formulation,  methods  with  and  without 
derivatives,  ons  dimensional  search  methods,  and  convergertce 
c'lte-  * Tt  r indirect  metnods  solve  auxiliary  probiems,  while  the 
direct  methods  adopt  a hiii-clirnbing  straiogv  on  the  objective 
function  directly  Operational  results  of  direct  search  methods  arc 
given  and  the  field  of  man  computer  interactive  design  is  briefly 
described  N E N 

N71  25449#  Advisory  Gryno  lor  Aerospace  RescT'ch  and 

Oev»»iour^er.i  Par'i  'Ff^Mce- 

COOPERATIVE  CREEP  TESTING  PROGRAMS  ,£ 

D Co'Jt'-ouranis  Coni.*c  Natl  de  Rech  Met  ) ai-d  0 K fauischou 
'Dept  o!  M-ne-j  and  Rc^»ouices  Mar  197  1 IQO  p refs 

AGAflO  n hai  7 1 Avail  NTIG 

1.0  A'jvisOry  C'  O^p  (O'  Ae.'ospdce  Research  and  Development 
-AGAfiO'  imt.'/i  d an  m t »»'iabO' Olory  slu<Jr  tji  t>'(jn  (ernperalure 
■ .ftef)  lAstm^  facilities  and  tecfimducs  Tfu*  o'OQ-'arTi  utilised  f.'Clona' 
design  a'.d  a-  aWsis  N-mon-.c  105  was  tested  at  ROO  C bv  eighteen 
volinitary  laboratories  Ttie  results  (lave  |.crri.-u«-d  sr.tiistt-ii 
evaluation  of  mtra  and  mterlaboratory  V3  .aliiMv  anj  f.,»  vMiM.lr, 
u(  surrie  tesimy  anu  rnatu'iai  va'«duic'.  i.  ju.;., 

A..th(  • 

N72  13882a  Advisory  Group  for  Aerospoce  Research  aruf 
Development.  Pans  iFrance) 

THE  ELEMENTS  OF  FRACTOGRAPHY 
0 A Ryder  (Manchester  Univ  ) Nov  1971  196  p refs 

lAGARO  AG  15S  71 . AGAROograph  155)  Avail  NTIS 

This  moryog'aph  is  intended  to  serve  as  an  'ntroduction  to 
Fraciograp^vy  which  may  be  defined  as  the  examination  of 
fracture  siu'aces  a(  magnifications  ranging  from  x1  to  xIOO.OOO 
The  terminology  and  cunent  ideas  on  fracture  are  introduced  >n 
an  elementary  account  of  those  factors  that  cuut.ol  the  mechemcel 
properties  of  ringmeering  materials  Fracture  is  discussed  m 
general  terms  and  the  instruments  available  for  fracture  surface 
analysis  are  considered  The  experimental  and  operational 

• ir  ff  grinnr  aphy  arp  '!i*5'~*jS5?d  W*h  g V9'*®!y 

uf  factors,  especially  artefacts  m repi  as  prepared  for  tranamiasion 
electron  micrcTScopy.  that  can  influence  the  'nterpretaiion  of 
experimanial  results  The  application  of  fraciography  to  the 
investigation  of  service  failures  and  the  use  of  the  technique  m 
fracture  research  are  described  Author 


N72-21900#  Advisory  Group  for  Aerospace  Research  and 
Development,  Pens  (France) 

SPECIALISTS  MEETING  ON  STRESS  CORROSION 
TESTING  METHODS 

Jan  1972  332  p reft  Presented  at  Struct  end  Mater  Panel 

33d  Meeting  Brussels  5*6  Oct  1971 

(AGARO  CP-98)  Avail  NTIS  HC  S6  00/MF  SO  95 

The  bene  objectives  of  the  Speoalisia  Meeting  were  to 
drscuss  (1)  the  utility  arxj  significance  of  stress  corrosion 
cracking  data  to  'urrent  engineering  ac/d  design  practices.  f2) 
the  progress  being  made  NATO  countries  toward  iiandardization 
of  test  techr.iquet  for  stress  corrosion  cracking,  and  (3)  thoee 
t«sT  methods  which  r.iight  be  recommended  as  star>derd 
lechriiQ'ies  >n  the  immediate  future  Also  iixiuded  are  the  Types 
and  quafity  of  data  which  are  useful  in  design  anjlysis.  the 


aititudas  and  actrvitiee  of  vanoue  corroeion  and  fracture 
commitieee  in  the  U S er>d  Europe  toward  standarduation 
techAiQues.  arxd  summanee  of  ttreea  corroeion  crackir^  aruj  test 
equipment  used  to  measure  corrosion  m venous  metensis. 
aircraft  atructuree,  erwl  space  shuttle  daergns  For  irvlividual  titles, 
aaa  N72-21901  through  N72-21931 


N7Z-21901I  Batlella- North  watt.  Rtchland.  Wash.  Pacific 

Northwest  Labe 

CN0fNEEr.N0  UTIUrV  AND  SIGNIFICANCE  OF  STRESS 
CORN08  ON  CRACKING  DATA 

W E Ar>dersor\  In  AGARD  Specielat's  Meeting  on  Street 
Corrosio't  Testing  Methods  Jan.  1972  23  p rcfi  (See 

N72-21900  12-32) 

Avail  NTIS  HC$600/MF$0  95 

Solr^e  historical  esperiences  wrth  cracking  er>d  fracture 
protff.ns  ere  eapiorad  to  indicate  the  significencf  of  corrosion 
acting  coocomrtantly  with  stress  These  experiences  suggest  that 
cracks  cavelop  either  in  opart'  or  cioead'  areas:  arvf.  either  at 
repona  sccesaibte  to  the  embtant  environment  ar>d  direct  view, 
o . at  regions  which  are  structurally  hidden  Special  attention 
was  giviir.  t-.i  iitrcrsit  structures  arxd  venous  other  materials  Data 
cover  specimen  configurationa.  mathode  suitable  for  low  cost 
teatirig  of  ape  nmena.  and  ettimaiat  of  service  life  under  loading 
artd  environmental  conditions  A deTmition  of  stress  corrosion  is 
included  Author 


N72*2l902i|f  Reynolds  Metals  Co.  Richmorv-.  2a  S^sialluroical 
Research  Dry 

PROGRESS  TOWARD  8TANDARIZATION  OF  SCC  TEST 
TECHNIQUES  BY  THE  AMERICAN  SOCIETY  FOR  TESTING 
AND  MATERIALS 

H Lee  Craig  Jr  In  AGARD  Specialist  t M«>et<ng  on  Stress 
Corrotion  Teslirvg  Methods  Jen  1972  10  p (See  N72  2 1900 

12  32) 

Mveii  N7iS  iiC  >6  00 ./Mr  $0  9S 

The  work  of  a subcommiitse  on  test  standards  for  stress 
corrosion  of  metals  ond  other  materials  is  preser>’ed  The 
committee  covers  (1)  smooth  speomenis  and  test  |ig.  (2)  test 
environments  and  specific  material  tests.  (3)  corrosion  fatigue 
and  (4)  precracked  specimens  Author 


N72-21903#  Aluminum  Co  of  America.  Pittsburgh.  Ps  Chemical 
Metallurgy  D>v 

PROGRESS  TOWARD  STANDARDIZATION  OF  SCC  TEST 
TECHNIQUES  BY  THE  NATIONAL  ASSOCIATION  OF 
CORROSION  ENGINEERS  AND  THE  ALUMINUM 
ASSOCIATION  c14 

Donald  O Sprowls  In  AGARD  Specialists  Meetiftg  on  Stress 
(U>rro5ion  Testing  Methods  Jan  1972  20  p (See  N72  21900 

12  32l 

Aval.  NTIS  HC  S600/MF  $0  95 

The  sl'e&s  corrosion  testing  ol  high  strength  heal  treatajle 
aiummum  alloys  is  discussed  Three  tempers  ol  alloy  7075  was 
laboratory  tested  lor  the  purposes  of  (1)  comparing  three  types 
of  smooth  test  specimens.  (2)  ascertaining  the  uniformity  ol  lest 
results  that  can  he  expected  with  a closely  controlled  procedure 
for  tfie  3 5%  NaCI  alternate  immersion  test  (31  evaluating  other 
corrodents  that  do  not  cause  severe  pitting  of  these  alloys  and 
(4)  relating  the  SCC  (stress  coriosmn  cracking)  performanre  m 
these  laboratory  tests  with  that  m outdoor  atmospheres  Author 


N72-21904#  Newcastle  upon  Tyne  Univ  (England)  Oepi  of 
Metallurgy 

STRESS  CORROSION  TEST  METHODS  THE  EUROPEAN 
FEDERATION  OF  CORROSION  CONTRIBUTION 

H N Parkins  In  AGARD  Specialists  Meeting  on  Stress 
Corrosion  Testing  Methods  Jan  19  72  7 p (See  N72  2 1900 

12  32- 

Avail  NMb  ib  OU  Mf^  $U  95 

A piecis  IS  given  of  the  major  points  on  stress  corrosion 
test  methods  as  cunijMled  by  ihe  European  Federation  of 
Corrosion  Wo.'king  Pe'.y  Tiie  data  pomts  to  some  of  tlie 
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problems  «ssocistob  wtth  the  various  rr>6thods  of  testing,  such 
at  ibe  axtensiva  use  of  time  to  failu'S  as  a parameter  that 
measurea  susceptibilitv  ar>0  the  apparantty  poor  reproducibiiitv  of 
threshold  stress  intensity  values  for  stress  corrosion  cracking  On 
the  environmer^tai  side  of  testing  the  dangers  m the  use  of 
standard  solutions  are  indicated  and  the  necessity  m simulating 
service  failures,  of  precisely  leproducir^g  the  composition  of  the 
environrr>en(  and  the  relevant  electrode  potential  are  shown 

Author 


N72‘21906*i|f  National  Aeronautics  and  Spac*  Administration 
Amas  Research  Center.  Moffett  Field.  Calif 
SOME  important  CONSIDERATIONS  IN  THE  DEVELOP 
MENT  OF  STRESS  CORROSION  CRACKING  TEST 

methods 

R P Wei  (Lehigh  Umv  }.  S R Novak  (US  Steei  Corp 
Monroeville.  Pa  ).  and  0 H Williams  In  AGARO  Specialists 
Meeting  on  Stress  Corrosion  Testing  Methods  Jan  1972  10 

p refs  (See  N72  21900  12  32) 

(Contract  N00014  68  A 0SU) 

(NASA  TM  X 68303)  Avail  NTlS  CSCL  146 

The  need  (or  recogmimg  certain  potentially  serious  problems 
m the  development  ol  standard  test  methods  for  stress  corrosion 
crackjng  studies  is  discussed  The  importance  of  recogni2mg  and 
satisfying  the  basic  assumptions  of  the  linear  elastic  fracture 
mechanics  analysis  m experimentation  is  re-emphasned  Tbe 
effects  of  nonsteady-siate  ciack  growth,  including  mcubaiion 
must  be  taken  into  account  m determining  the  crack  growth 
kinetics  These  effects  and  the  influences  ol  steady  state  crack 
growth  kinetics,  as  well  as  a host  of  aeometricai  matenai  and 
environmental  variables  must  be  considered  m arriving  at 
suitable  criteria  for  KISCC  (apparent  threshold  for  stress 
corrosion  cracking)  determinations  Author 


N72-2l906a  6ntish  Steel  Corp  ShsHield  (England) 

CURRENT  PROGRESS  IN  THE  C0LLA60RATIVE  TESTING 
PROGRAMME  OF  THE  STRESS  CORROSION  CRACKING 
(FRACTURE  MECHANICS)  WORKING  GROUP 
A H Prest  and  P McIntyre  In  AGARO  Specialists  Meeting  on 
Stress  Corrosion  Testing  Methods  Jan  1972  1 7 p lels  (See 

N72  21900  12  32) 

Avail  NTiS  HCS6  00  MFS0  9S 

A preliminary  analysis  «s  presented  of  (he  initial  results  of 
the  Collaborative  Testing  Program  of  the  Stress  Corrosion 
Cracking  iFiacture  Mer’.hanics)  Working  Group  of  the  f.SC 
Corporate  Laboratories  !n  this  analysis  the  results  ore  mterpieted 
in  terms  of  the  influences  of  specimen  geometry,  mammum 
fatigue  precrackmg  stress  intensity  test  temperature  and 
labord'cny  eircr  !t  is  ccriCwdcd  thj!  the  on!*  siguffrcan!  errors 
can  be  eUnb-jled  to  diflorences  m the  calibration  and  ar-.curacy  of 
testing  equipment  between  the  participaiing  laboratories  and  to 
failure  to  adhere  to  the  recommended  testing  procedure  which  is 
found  to  be  satisfactory  for  the  material  and  environment  which 
ware  used  Author 


N72  21907k  Leeds  Umv  lEngiand'  Oepi  of  Metallurgy 

THE  SCIENCE  COMMITTEE  CONFERENCE  ON  THE 
THEORY  OF  STRESS  CORROSION  CRACKING  OF 
ALLOYS 

J C Scully  In  AGARO  Specialists  Meeting  on  Stress  Curiosion 
Testing  Methods  Jan  1972  6 p refs  (See  N72  21900 

12  32i 

Avad  NTIS  HC$6OOMf$0  0t 

The  general  aspects  of  stress  conpsion  pracki  .g  as  we!»  as 
individual  a'loy  systems  are  con$idi>ed  Of  particular  interest  t> 
testing  mctliods  were  •!)  repassivatiO.i  and  (2)  rneasuremeois  r»f 
ciack  velocity  These  are  discussed  ano  »heir  releva'-'':.  testing 
methods  «s  emphasi/ed  Companson  between  diHereni  alloys  or 
of  dif*”  >nt  float  'r«;JtniQnts  of  an  alloy  can  mly  be  made  if  the 
• eldtun^.ip  betweeri  mechanical  rnetallur<|iCi.'  anrj  elerf"' 
chemical  variables  on  crack  piopayitior^  kme[*«.s  > iu»iy 
determined  Aulho' 
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N72-21908k  Tyco  Labs.  Inc.  Waltham.  Mas'.  Materials 
Science  Dept 

MEASURIhG  the  DEGREE  OF  CONJOINT  ACTION 
BETWEEN  STRESS  AND  CORROS'ON  IN  STRESS 
CORROSION 

Franklin  H Lo:k$  In  AQARO  Specialists  Meeting  on  Stress 
(^rrosion  Testing  Methods  Jan  1972  7 p (See  N72  21900 

12  32' 

Avail  NTIS  HC  $6  00;MF  $0  95 

A Stress  corrosion  testing  method  which  allows  a quantitative 
separation  between  the  effects  of  stress  and  those  of  corrosion 
m causing  stress  corrosion  damage  is  described  This  test 
.nvoives  the  measurement  ol  the  reduction  m subsequent  stress 
corrosion  life  which  is  brought  about  by  initially  exposing  the 
sample  to  the  corrosive  enviror>ment  without  any  stress  bemg 
applied  (prccorrosion)  If  a given  alloy  is  susceptible  only  to  the 
combination  of  stress  and  corrosion  (true  stress  corrosion),  then 
>uch  a preexposure  would  not  be  expected  to  greatly  reduce  its 
subsequent  stress  corrosion  fifetime  fi  however,  a corrosion 
process  that  is  not  accelerated  by  stress  >s  required  to  ir^itiate 
the  failure  process,  then  such  p'^exposure  without  applied  stress 
may  be  found  to  be  almost  as  damagmg  as  an  equal  amount  of 
exposure  earned  out  under  stress  A stress  corrosion  mdex  (SCO 
IS  defined  which  quantitatively  measures  toese  effects  Data 
obtained  by  this  method  are  presented  for  a high  strength 
alurnmum  alloy  (707S)  tested  m buffered  Nad  solution  For 
specimens  ol  this  alloy  having  a machined  surface  fmish.  80%  of 
the  time  «equned  to  produce  failure  m normal  stress  corrosion 
tests  IS  found  to  be  due  to  a p.'oucss  which  is  not  accelerated  by 
applied  siiess  An  explanation  for  this  tiehavior  is  oNered  m 
terms  of  the  existence  ol  a higly  deformed  Surface  layer  within 
which  any  well  defined  g»ain  boundanes  have  c*ien  destroyed 
’s«s  surface  layer  must  be  penetrated  by  piitmg  bei'c'e  a irur 
stre:.s  corrosion  process  can  begin  Autiicr 


'<72  21909"  Bell  Aerospace  Co  Buffalo.  NY 

THE  pM  AND  POTENTIAL  MEASUREMENTS  DURING 

STRESS  CORROSION  OF  ALUMINUM  ALLOYS 

J A Davis  In  AGARO  Specal'sls  Meeting  on  Stress  CorruSion 

Testing  Methods  Jan  1972  IS  p refs  tSee  N72  2 1900 

17  3:* 

Avail  NIIS  HCS6  00  MF  C.O  95 

A technique  was  desc'iberl  for  using  small  tip  diameter 
microelectrodes  to  study  ifie  stress  corrosion  t)ehavior  of  vanous 
aluminum  alloys  exposed  to  cfilonrte  environments  Seveia. 
general  observations  concerning  jhe  stress  corrosion  behavior  jf 
aluminum  alloys  were  made  i1i  proiragatior*  of  a slf'.ss 
corros'O'i  cracV  is  always  accompanied  by  a decrease  m pH  near 
me  crack  tip  i2>  increasing  me  stress  I'Uensity  to  aoove  x..SlL 
llfircshold  stress  mtensily  for  stress  t.orroSK^ri  rrackmgi  results  in 
a rapid  active  shift  m corrosicjri  potential  arid  i3;  as  cracks 
progress.  corfo>ion  potential  s'owly  dnhs  «n  lha  active 

direction  A jeneral  mechanism  loi  stress  corrosion  hasoij  on 
these  observations  is  that  nacix  propagation  occurs  by  active  path 
dissolution  With  a rn.rmT>urr.  appliCrJ  stress  required  to  rapture 
Ihf  passive  Irlui  dfuj  ininaif^  crack  piop  ujation  Author 


N72  21910"  W**lding  Inst  CaM-ljn'tg«  icnylantji 
STRESS  CORROSION  TESTING  O.  WELDED  JOINTS 
T (i  (ioo-h  In  AGARO  Specialists  Meeiirig  Shot. 

Corrosion  Tespruj  Meifiods  Jan  197?  7 p te*s  iSoe 

N72  21900  12  32» 

Av.-)il  NTIS  HCS600  Mf$C95 


behavior  of  weliled  lomts  an,*  oullme  l Special  atieritioti  was 
given  to  qvMinit.iiive  assesstnorii  of  trie  sijc»-*iiiitiiliiv  ol  we'id'oems 
I 1 the  range  rxt  *r jrisforrnaMo  sler*ls  the  '.a-.jse  of  lailu.-e  and  (he 
effects  of  n atonal  ^.^^^npos*llo^|  orul  mpf.iosn  rc*'j:e  beve-*al 
, ' -'fis  nf  the  roMillt.  are  given  Auinor 
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N72-21911jV  Oepartmeni  ol  Energy  Mines  and  Resources 
Ottawa  ^Ontario)  Corrosion  Section 

SCREENING  TESTS  OF  SUSCEPTIBlim  TO  STRESS 
CORROSION  CRACKING 

G J Riefer  and  J G Garrisor>  In  AGARO  Specialists  Meeting 
•>n  Stress  Corrosion  Testing  Methods  Jan  1972  9 p refs 

See  N72  21900  12  321 
Avail  NTtS  HC  $6  00.  MF  $0  95 

For  live  high  strength  alloys  susceptibilities  to  the 
propagation  of  stress  corrosion  cracking  (SCO  were  assessed 
Using  3 6%  NaO  solution  as  the  medium  both  parent  and  weld 
rr^etals  were  invest. gated  Specimens  were  studied  under  freely 
corroding  condition.,  and  also  cathodicaily  protected  ai  the 
potentials  givin  by  cadmium  and  by  line  sacrificial  anodes  The 
cantilever  test  w^j  used,  the  test  specimen*,  cut  from  12  and 
3 4 in  plates  were  bars  notched  on  both  th©  sides  and  the  top 
Prior  to  lesli  a pre  crack  was  always  produced  at  the  base  of 
the  top  notch  by  fatiguing  in  air  The  equ'pmerM  was  designed  so 
that  specimens  loaded  as  cantilevers,  were  broken  by  means  of 
a steadily  nsmg  load  This  was  applied  by  dripping  water  at  a 
constant  rate  mto  a container  suspended  from  the  end  of  the 
cantilever  beam  Results  were  reported  in  terms  of  the  nominal 
stress  intensities  K*  at  fracture  While,  sinctly  speaking  only  of 
qualitative  significarice  repioduciliiiitv  of  the  K*  values  was  good 
and  the  eHeetc  of  metallurgical  and  environmental  factors  could 
b^  readily  cst  mated  Author 

N72-21912*  Nava'  Air  Development  Center.  Johnsville  Pa 
STRESS  CORROSION  TESTING  OF  TITANIUM  ALLOYS 
S J Ketcham.  C E Neu.  and  S Goldberg  (Naval  Au  Sys 
Command)  In  AGARO  Specialists  Meeting  on  Stress  •^ffosior' 
Testing  Methods  Jan  1972  8 p refs  iSee  N72  21900 

12  32) 

Avail  NTIS  HC  S6  00/MF  $0  95 

Pes'jl’s  are  nre^enuMi  of  two  studies  d»  effect  ol  gram 
flow  orientation  on  stress  corrosion  susceptibili'v  of  two  titanium 
alloys  and  12)  stress  corrosion  tests  of  titanium  electron  beam 
weldments  Emphasis  it  on  lest  specimens  used  and  on  sori»e 
propeuies  of  titanium  alloys  which  have  to  be  considered  when 
cor^ductmg  stress  cor.osion  tests  Author 


N72-21913*  0ntish  Steel  Corp  SheHielrl  lEngland) 

FACTORS  INFLUENCING  THRESHOLD  STRESS  INTENSITY 
VALUES  AND  CRAC<  PROPAGATION  RATES  DURING 
STPESS  CORROSION  CRACKING  TESTS  OF  HIGH 
STRENGTH  STEELS 

A H Priest  and  P McIntyre  In  AGARO  Specialists  Meeting  on 
Stress  Corrosion  Testing  Methods  Jan  1972  '2  p refs  ISee 

N72  21900  12  32) 

A«a>l  NTlS  HCSS'JO  MF  SC  95 

Threshold  stress  intensity  values  for  stress  corrosion  nackiog 
IKISCC)  of  a number  of  steels  was  shown  to  be  related  to  the 
formation  of  a continuous  Stretch  /one  at  the  latigue  crack  tip 
Both  KI3CC  and  crack  propagation  rate  (KIC)  ^'alvjes  are 
influenced  by  lh«  yield  strengl^  ind  inclusion  density  of  the 
iteel  The  relative  values  of  K.oCC  determined  by  arrest  and 
initiation  methods  and  stress  corrosion  crack  growth  rates  arc 
influenced  by  the  effectiveness  of  stress  corrosion  c'acks  as 
• treat  concentrators  smee  intergranular  cracks  be''0.ne 
progressively  more  blunt  as  they  propagate  while  the  reverse  can 
be  true  of  transgraoutar  cracks  Observed  stress  corrosion  crack 
propagation  rates  are  also  influenced  by  the  failure  to  attain 
equilibrium  m specimens  ol  conventional  length  and  by  the 
presence  of  crack  curvature  and  ciack  branching  where  these 
occur  Author 


N72  21914/k  fVestinghouse  Research  Labs  . Piltsburgti  Pa 
Mechanics  Dept 

AN  APPARATUS  FOR  STRESS  CORROSION  TESTING 
WITH  LARGE  PRECHACKED  VYOL  SPECIMENS 

L J Cetchini  anG  W'  G Cla'k  Jr  IN  AGARO  Specialists 
Meeting  on  Stress  Corrosion  Testing  Methods  Jan  1972  9 p 


refs  tSee  N72  21900  12  32) 

Avail  NTlS  HC  S6  00/MF  $0  95 

A laboratory  test  unit  designed  for  KISCC  lvalue  of 
plane-strain  stress  'nteosity  factor  below  which  an  existing  crack 
will  not  grow  due  to  stress  corrosion)  and  stress  corrosion  crack 
growth  rata  tasting  with  large  precrackeO  WOL  (wedge  opening 
loading)  specimens  is  described  The  apparatus  involves  the  use 
of  a uhiQue  hydraulic  loading  arrangemeni  which  provides  a 
convenient  mearis  of  generating  the  relatively  high  loads  required 
for  iktress  corrosion  testing  with  large  WOL  specimens  Additional 
featurss  of  the  test  unit  include  the  ability  to  continuously 
monitor  crack  grovvih  during  the  test  and  also  the  ability  to  test 
m an  enclosed  enviionment  at  vanous  temperatures  and 
pressures  Author 


N72  21915«  Frankford  Arsenal.  Philadelphia  Pa 
TENSILE  LIGAMENT  INSTABILITY  AND  THE  GROWTH  OF 
STRESS  CORROSI^^N  CRACKS  IN  A HOMOGENEOUS 
Xn<Mg  Cu  ALUMIF  M ALLOY 

Joseph  H Mulhenn  In  AGARD  Specialists  Meeting  on  Stress 
Corrosion  Testing  Methods  Jan  1972  7 p refs  fSee 

N72  21900  12  32) 

Mvail  NTIS  HCG6  00  MFS0  95 

The  application  of  the  Kraffi  tensile  ugament  model  to  the 
stress  coirosion  phenomenon  of  a homogeneous  .Zn  Mg  Cu 
aluminum  alloy  is  discussed  The  variant  m the  senes  was  the 
degree  of  homogeneity  ol  the  microstructure  According  to  the 
model  the  largest  variation  m the  susceptibility  to  stress 
corrosion  crack  propagation  was  attributable  to  an  mv'rease  m 
the  rale  of  surface  chemical  attack  around  the  circumference  of 
the  ligaments  Author 


N72-2l916»  North  American  Rockwell  Corp.  Thousand  Oaks. 
Catrl  Science  Center 

AN  ULTRA  HIGH  VACUUM  SYSTEM  FOR  DETERMINING 
THE  EFFECTS  OF  GASEOUS  ENVIRONMENTS  ON 
FATIGUE  AND  FRACTURE  PROPERTIES  OF  METALS 

H I Marcus  and  P J Stocker  in  AGARO  Specialists  Meeting 
on  Stress  Corrosion  Testing  Methods  Jan  1972  8 p refs  ISee 
N72  2'900  12  32) 

Avail  NTIS  hC$6  00  MF$0  95 

A high  vacuum  10  to  the  minus  lOth  power  lorr.  all  metal 
system  is  described  in  which  crack  growth  behavior  of  metals 
coder  <iatic  and  dynamic  loading  can  be  Studied  Provisions  are 
mad©  to  ml  oduc©  dean  gases  to  the  system  Such  as  hydrogen 
and  oxygen  to  study  their  effects  on  tha  crack  growth  phenornena 
Crack  growth  results  are  presented  for  N.  200  exposed  to  low 
rressor©^  of  hydrogen  gs>  in  the  10  to  the  minus  8lh  power  to 
ISO  tori  pressure  range  Author 


N72-21917*  Ohio  State  Univ  , Columbus  Dept  of  '*.-*tBllurgical 
Engineering 

ACOUSTIC  EMISSIONS  AND  SLOW  CRACK  GROWTH  IN 
HIGH  strength  STEEL 

R W Staehte  and  G E Kerns  In  AGABD  Specialists  Meeting 
on  Stress  Corrosion  Testing  MelhoOs  Jan  1972  12  p refs 

(See  N72  21900  12  32) 

Avail  NTIS  HC$6OO  MFi0  95 

Acoustic  emission  techniques  were  used  to  siurly  stress 
corrosion  crdckmg  m high  strength  mateual  Pre  lalipuc  crackeo 
Single  cantilever  specimens  were  loaded  ai.i  exf  osed  to  gaseous 
and  aqueous  environments  Acoustic  emission  signal  sf.ape  anr* 
total  resonance  counts  were  recorded  lor  cpec'mens  of  diMere.H 
strength  levels  tested  m different  environments  Also  the 
ohenomennn  ot  wxv«  ffiflnrlinn  was  rnrliirftd  in  order  to  exam.no 
the  frequer^cy  cor»!ent  and  energy  of  the  errnssign  The  results 
show  that  a higher  strength  level  produces  more  acoustic 
activity  regardless  ol  envi-onment  Also  the  generated  stress 
wave  IS  of  a fi'S|fi  frequency  and  tow  energy  nature  Author 
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N72'21Vt18|tr  Fta\  S p A . Tunn  lltaly)  Ub  Auto  Avio 
A CONTRIBUTION  TO  STRESS  CORROSION  TESTIN<^  OF 
ALUMINUM  ALLOYS 

Otovtnni  Bollari  In  AGARO  Specialists  Meeting  on  Stfess 
Cofrotion  Tasting  Methods  Jan  1972  13  p refs  (See 

I N72-21900  12  32) 

Avail  NTIS  HC$6  00/MF$0  95 

The  results  of  an  entensive  investigation  for  the  improvement 
ol  the  stress  corrosion  testing  rnethods  on  high  strength  Ai 
alloys  are  briefly  outlined  For  the  evaluation  of  the  crack 
' initiation  period  under  different  stress  conditions,  two  srnooth 

specimens  of  original  design  are  recommended  For  the  measure 
ol  the  crack  propagation  rate,  the  0C6  lOouble  Cantilever 
beam)  pre-cracked  specimen  was  found  effective  Author 

N72-21919/ir  Naval  Ship  Research  ar  ' Development  Center 
AnnapOltS.  Md  Corrosion  Branch 

INFLUENCE  OF  TEST  METHOD  ON  STRESS  CORROSION 
BEHAVIOR  OF  ALUMINUM  ALLOYS  IN  SEA  WATER 
George  J Oanek  In  AGARO  Specialists  Meeting  on  Stress 
Corrosion  Testing  Methods  Jan  1972  11  p refs  iSee 

N72  21900  12  32) 

Avail  NTIS  HCS600.  MF  $095 

Highlights  are  presented  of  recent  mvestiyadons  on  sea 
water  stress  corrosion  behavior  of  high  si  ength  aluminum  adoys 
Rolled  7000-senes  plate  was  used  to  show  a sigmf<car\t 
influence  of  spec-men  orientation  on  sea  water  stress  corrosion 
response  The  results  Suggested  that  tests  m the  shon  transverse 
direction  are  essential  ir\  ascertaining  stress  corrosion  behavior  of 
high  strength  alumm-.im  alloys  m either  smooth  or  precracked 
specimens  Based  on  these  results  a number  of  high  strength 
hand  forgings  representing  the  2000-  6000  and  7000  senes 
were  t«a.ivu  a*  Lent  beam  and  prccracKed  canti'eve'  sperimeos 
taken  in  the  short  transverse  direction  Inconsistencies  -^re 
observed  when  the  sea  water  stress  corrosion  results  from 
precracked  cantilever  specimens  are  compared  to  those  from 
smooth  specimens  The  results  indicate  t.  ti  each  of  t!  ^ two 
techniques  provides  imponani  information,  and  both  methods 
should  be  used  m assessing  the  sea  wate'  stress  cowos'on 
behavior  of  high  strength  aluminum  alloys  Author 

N72-21920.0  Aluminum  Co  ol  America.  Pittsburgh  Pa  Chemical 
Metallurgy  Qiv 

DISCUSSION  OF  PAPER  INFLUENCE  OF  TEST  METHOD 
ON  STRESS  CORROSION  BEHAVIOR  OF  ALUMINUM 
alloys  in  SEAWATER  BY  GEORGE  J OANEK 
Oonald  O Sprowis  and  J G Kaufman  ' AGARO  Specihsts 
Meeting  on  Stress  Corrosion  Testing  Methods  Jan  1972  7 p 

refs  (See  N72-21900  12  32) 

Avail  NTIS  HCS6  00  MFS0  96 

It  iS  shown  that  the  method  ol  testing  with  prectacked 
specimens  may  be  affected  as  much  or  more  than  traditional 
smooth  specin.en  methods  On  the  basis  ol  estimated  threshold 
stress  intensiti'»5  obtained  with  pfecracked  cantilever  beam 
specimens  rankings  of  alloys  are  reported  that  are  unrealistic 
compared  to  service  experience  and  estimated  threshold  stresses 
obtained  Irom  tests  of  smooth  beam  specimens  Tests  of  the 
same  alloys  with  bolt  loaded  precracked  double  canniver  beam 
specimens  ranked  the  alloys  in  good  aq  eemeni  with  ramungs 
obtained  from  tests  of  smooth  tensile  spLCimens  Author 


N72  21921k  SociGle  Nation'Ie  Industriflle  Aerospatiale  Par's 
(France) 

PARTICIPATION  OF  THE  STUDY  OF  CORROSION  UNDER 
TENSION  OF  CERTAIN  HIGH  RESISTANCE  ALUMINUM 
ALLOYS  (PARTICIPATION  A L ETUDE  0£  LA  CORROSION 
SOUS  TENSION  DE  CERTAINS  ALUAGFS  P AiUMlNtJM 
A HAUTE  RESISTANCE) 

Robert  Ooste  In  AQARD  Specialists  Meeting  on  Stress 
Corrosion  Testing  Methods  Jan  1972  15  p in  FRENCH  'See 

N72  21900  12  32) 

Avail  NTIS  HC$6COMF$0  95 

Experiments  were  conduclpd  on  corros'on  under  tension  ol 
two  of  the  principal  aluminum  alloys  used  m ihe  French  aircraft 


industry  A U2GN  and  A U4SG  A number  of  systematic  tests 
were  made  using  classical  tests  rnethods  under  conditions  of 
flexure,  with  a constant  imposed  load  Processes  occurring 
dunng  corrosion  and  stress  corrosion  are  most  often 
electrochemical  reactions  and  certam  study  techniques  are 
described  for  electrochemical  methods,  in  order  to  establish  a 
correlation  between  observed  phenornena  and  the  particular 
microstruciures  of  the  alloys  In  the  case  of  the  a U2GN  alloy, 
an  explanation  is  advanced  based  on  sensitivity  to  iniercrysiatlme 
corrosion  and  the  role  of  constraint,  as  well  Ihe  desensitizing 
which  occurs  after  proper  heat  treatment  Heat  treatment  of  the 
alloy  A-U4SG  diminishes  the  susceptibility  of  the  rnatenal  to 
iniercry&talline  corrosion,  white  sensMivity  to  stress  corrosion 
remains  Significant  The  influence  of  aeration  on  the  solution 
appears  to  be  of  major  importance  Transi  by  K p 0 


N72  21922a  ind  ustrieaniagen  B etnebsgesellschah  m b H 

Onohfur.n  (West  Germany) 

RESULTS  OF  COMPARATIVE  STRESS  CORROSION  TESTS 
ON  AiZnMgCu  ALLOYS  USING  DIFFERENT  TYPES  OF 
SPECIMENS 

Werner  Lehmann  m AGARD  Specialists  Meeting  on  Stress 
Corrosion  Testing  Methods  Jan  1972  15  p 'See  N7I-21900 

12  32) 

Avail  NTIS  HCS6  00  MFS0  95 

In  order  to  evaluate  and  to  cortipare  the  stress  corrosion 
behavior  ol  more  complicated  structural  parts  for  exarrjpie  die 
forgings  frorri  the  two  differeni  alloys  7079  T6  and  A2  74  61, 
various  types  of  specimens  were  lalten  frorri  cniical  locations  on 
the  forging  These  locations  are  the  area  around  the  jack  point 
Hole  the  mam  parting  plane  and  the  area  of  the  fi'St  two  rows 
ol  bolt  holes  C rings  precracked  CC6  specimens  and  srriooih 
tension  specimen^  were  eAarin.'.ed.  ulmg  0 stdhdSrd  3 5 % NaCf 
alternate  immersion  test  The  test  specimei^s  were  periodically 
•hspected  m order  to  fmd  out  the  tirne  to  lailuie  (tension 
specimens).  it>e  nme  to  tne  first  crack  or  to  complete  fracture 
(C  rings)  and  the  crack  length  as  a function  of  time  as  well  as 
the  threshold  stress  value  'DC8  specimens)  The  results  show 
that  fc.gmgs  from  the  alloy  A2  74  61  are  superior  to  those  of 
7079  T6  Author 


N72-21923»  Carpenter  Technology  Co'P  Reading,  Pa 
STRESS  CORROSION  CRACKING  OF  MARTENSITIC 
PRECIPITATION  HARDENING  STAINLESS  STEElS 
Michae)  Henthome  In  AGARO  Speculists  Meeting  on  Stress 
Corros*on  Testing  Methods  Jan  1972  8 p refs  (See 

N72  21900  12  32) 

Avail  NTIS  HCS6  00  Mf  $0  95 

Stress  cofios’on  c'^ckmg  tests  on  two  prc< 'P'lanon • 
hardened  stamlo's  siee's  Custom  455  and  Custom  450  were 
used  to  study  the  effecis  of  heat  treatment  product  size  type  of 
test  speermen,  and  test  environment  Smooth  specimens  (tensile 
bent  hoam  and  U bend)  and  precracked  cantilever  beams  were 
tested  m sodium  chionde  solution,  sau  spray  ana  a natural 
marine  atmosphere  The  crackmg  resistance  of  Custom  455 
improves  Significantly  as  the  agmg  ’emperaiure  i?^  mi.reasec1  • e 
as  the  yield  strength  decreases  and  the  toughness  increases 
Specimens  cut  from  large  product  Sl^es  (eg  'jiMei'  have  lower 
fracture  toughness  than  smaller  sizes  le  g ber)  Tlie  differences 
between  stress  corrosion  and  cracking  m galvanic  cofrosior^ 
situations  are  discussed  Author 


N72-21924»  Socieie  Nouvelle  dr^s  Ac-Jrios  de  Pornuoy  (France) 

INVESTIGATION  OF  AN  ACCELERATED  STRESS 
CORROSION  CRACKING  METHOD 

M Hugo  J Bello!  and  E Her/oy  in  AGARO  Specialises 
Meei'ng  on  Stress  Corrusiun  Tsil-ity  Mfctli'jJi  Jan  1372 
I 1 p refs  tSee  N72  21900  12  32) 

Avail  NTIS  HCS6  00  MFS0  95 

An  acce'eraiecJ  slow  str-jm  rate  tensile  method  ol  testing  is 
suggested  which  may  t>e  ustlul  for  inspection  purposes  Slovv 
straining  in  nitrate.  NaOH  and  acd  efwrpnmcfits  are  des'-'>!.’er1 

Author 
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N72-21926/I  United  States  Steel  Cofp . MonroeviHe  Pa 
Applied  Research  l ab 

MICROSCOPIC  IDENTIFICATION  OF  STRESS  CORROSION 
CRACKING  IN  STEELS  WITH  HIGH  YIELD  STRENGTH 
£ H Phelps  In  AGAflO  Specialists  Meeting  on  Stress 
Corrosion  Testing  Methods  Jan  1972  14  p refs  (See 

N72  21900  12  321 
Avail  NTIS  HC$6  00  MF$0  95 

The  microscopic  features  of  stress  corrosion  cracking  in 
steels  With  high  yield  strength  are  reviewed  wth  the  objective  of 
establ'Shing  specific  characteristics  by  which  stress  corrosion  can 
be  identified  Photomicrographs  of  stress  corrosion  cracking 
obtained  under  known  exposure  conditions  on  specimens  of  alloy 
steels,  of  precipitation  hardenabie  stainless  steels  and  of  maragmg 
steels  are  presented  and  discussed  The  most  consistent  feature 
of  stess  corrosion  cracking  m these  steels  is  that  it  usually  is 
initiated  at  multiple  sites  on  the  steel  surface  Cracking  may  he 
inteigranular  or  transgranular,  depending  on  the  a'loy  system  an'l 
the  environment  Branching  occurs  m <orne  instances  bu:  'S  not 
a consistent  characteristic  of  stress  corrosion  crack-ng  lO  steels 
With  high  yield  strength  <\uthof 

N72  21926**  National  Aeronautics  and  Space  Administration 
Langley  Research  Center  Langley  Station  Va 
HOT  SALT  STRESS  CORROSION  CRACKING  OF  TITANIUM 
ALLOYS  OVERVIEW  AND  IMPACT  ON  SPACE  SHUTTLE 

application 

W Barry  Lisago:  and  James  £ Gardner  In  AQARO  Specialists 
Meeting  on  Stress  Corrosion  Testing  Methods  Jan  1972 
10  p refs  tSee  N72-21900  12  32) 

(NASA  TM  X-68304)  Avail  NTlS  CSCL  11f 

Tne  test  program  described  was  conducted  to  determine  if 
onset  of  hot  salt  stress  corrosion  cracking  would  ocr'ur  m the 

uu"iu'ol«v<;  cApusufc  u!  ini'c,  is ■■•ipc • oJ urc . ond  oJ-'Csi  cu.'.'Cntly 

co.tsidered  for  titanium  heat  shields  m the  shuttle  mission  in 
addition,  efforts  were  made  to  assess  the  effects  of  cyclic 
exposure  on  cracking  to  compare  the  resistance  to  cracking  of 
the  two  proposed  prime  candidate  alloys  (fi  6Al  4V  and 
Ti  6A1 -2Sn  4Zr  2Mo)  and  to  determine  the  effect  of  Mach  3 
aiifow  on  cracking  behavior  The  results  indicate  that  cracking 
will  occur  on  salt  coaled  specimens  continuously  exposed  in 
laboratory  ovens  for  100  hours  at  temperatures  and  stresses 
pinposed  for  shuttle  TPS  application  However  both  cyclic 
exposure  and  exposure  m a Mach  3 airsirearn  tend  to  decrease 
the  damage  observed  The  Ti  6Al  4V  alloy  exhibdeo  a higher 
threshold  stress  than  the  6Ai  4Zr  2Mo  aUov  but  suffered 
more  apparent  damage  oiw.e  onset  »f  cracking  occurred  Author 


N72  21927*1  Batlelle  Memonai  Inst  Colunit)os  Ohio  COffOsiOn 
Research  O'v 

THE  USE  OF  SLOW  STRAIN  RATE  EXPERIMENTS  IN 
EVALUATING  RESISTANCe  TO  ENVIRONMENTAL 
CRACKING 

James  Z Reinoehi  and  Walter  K Boyd  .‘n  AGARO  Specialists 
Meeting  on  Stress  Corrosion  Test  ny  Methods  Jan  1972  5 p 

refs  ‘See  21900  12  32' 

Avail  NTiS  HCS600  Mf  S09S 

An  expe'irnerital  p/occdure  rlescnl.'ei  for  evaluating 

• esibiancfe  to  stress  ..0'-(/S*on  cracking  Relative  degrees  of 
susceptibility  to  enviionmerilal  cracking  and  erTbntrlemenl  can 
be  determined  as  a function  of  niecharncal  duct'ldy  iparameters 
t reductiori  iri  a'ea  cU.-ngaiion  etc’  Cf  as  a function  of 

! electrochemical  polanjaiion  j.-arameters  eiecbcde  potential  pM 

solyliori  r.omposition  f>ir  ■ fry  jvjlling  cylindriral  tens'le  specimens 
( at  a slow  strain  rate  wr^iie  ir-ey  a'e  sut;|er.l»Ti  to  cO»r|roM6d 

electrorhem-cal  anri  envirrjnmontdl  r oofliiions  'elcr.Pode  potential 
» solution  composition  lernperatuff;  etc  ' Author 


N72-21928"  Lrjckrioed  Caldomi-)  Co  Burbank  Materials 
( Research  Lal> 

, EXPERIMENTAL  TECHNIQUES  USED  TO  STUDY  STRESS 

CORROSION  MECHANISMS  IN  AIRCRAFT  STRUCTURAL 
, ALLOYS 

I G M Hocti  W F Kmin;  and  K E V»et)er  -n  ACjARD 

i 


I 

i 


Specialists  Meeting  on  Stress  Corrosion  Testing  Methods  Jan 
1972  10  p refs  ISee  N72  219(X)  12  32i 

Avail  NTIS  HC$6  00.Mc  $0  95 

Various  techniques  for  the  study  of  crack  morphology, 
contaminant  identification,  af^d  electrochemistry  are  considered 
These  include  the  use  of  time  lapse  photography,  transmission 
arxJ  scanning  elec*- mo  microscopy  introduction  of  radioactive 
elements  into  the  corrosive  media  under  study,  and  pH  and 
oxtdation-reduction  indicators  K P O 


N72  21929/k  Ecole  d*)S  Mines.  Pans  (France 
FRACTURE  INITIATION  AND  STH^dS  CORROSION 
CRACKING  OF  WELDED  JOINTS  OF  ALPHA  TYPE 
TITANIUM  ALLOYS 

C Chassicn  and  P R Krahe  In  AGARD  Specialists  Meeting  on 
Stress  Corrosion  Testing  Methods  Jan  13  72  6 p refs  (See 

N72  21900  12  321 
Avail  NTIS  HC$6  00  MF$0  95 

The  alrnost  instantaneous  fa’Inra  of  some  welded  jomts  of 
cenam  Ti  Ai-Sn  alpha  type  alloys  wiien  m contact  with  carbon 
tetrachloride  vapor  was  studied  and  related  to  the  si-ght  surface 
contamination  developed  dunng  argon  arc  welding  Analysis  of 
the  contaminated  layers  with  the  Castung  Slod^lan  lon  probe 
showed  that  a substantial  amount  of  t>xygen  penetration  had 
occurred  during  the  welding  operation  Testing  showed  that  the 
susceptibility  to  stress  corrosion  was  related  to  the  extent  of  this 
penetration  and  microciacks  were  observed  to  form  on  the 
welded  surfaces  aher  loadir»g  tut  before  contact  with  the 
coirosion  medium  As  oxygen  in  sol'd  solution  m tiiaruum 
reduces  US  ducMny  these  mechanical  cacks  propagate  under 
the  action  of  a constar^t  load  deeper  into  the  more  contaminated 
samples  Author 


N72'21930f  Istituio  di  Ricerche  Bieda  SpA.  Mhan  (Italy) 

PRELIMINARY  REPORT  ON  THE  RESEARCH  ON  THE 
INFLUENCE  OF  THERMOMECHANICAL  TREATMENTS  ON 
STRESS  CORROS.ON  CRACKING  BEHAVIOUR  OF  AISI 
4340  STEEL 

R DeSantis.  L Matteoh.  and  T Songa  In  AGARD  Specialists 
Meeting  on  Stress  Corrosion  Testing  Methods  Jan  1972  5 p 
refs  (See  N72  219(X)  12  32) 

Avail  NTIS  HCS6  00  MFS0  95 

Two  grades  of  434Q  AlSi  steel  were  selected  air-melted 
and  electrosiag  remelted  Experimental  results  are  presented 
which  were  obtained  by  testing  the  hardness  of  two  specimens 
of  both  steel  grades  subjected  to  thermomechanica!  treatments 
The  hardness  recovery  of  the  steels  tempered  at  200  C »s  very 
smell.  il  not  absent,  and  sometimes  it  takes  p'ace  after  a very 
long  tempering  pme  This  phenomenon  is  very  marked  for  the 
3tX;  L tempered  steeis  in  this  case  iong  tempenny  |iin«  uousas 
a second  decrease  oi  the  hardness  m a way  tvpicai  for  aging 
phenomena  No  dear  relation  seems  to  exist  between  the 
metdliurgical  grade  of  the  material  and  the  behavior  upon 
deformation  and  second  tempering  Moreover  Itiere  were 
Significant  differences  in  the  results  obtained  on  different 
specimens  of  Ihp  same  material  Author 


N72-21931/X  Istituto  Spenmeniaie  di.i  Meiall  Leggen.  Novara 
Mlaly)  Metallurgy  Dept 

PRELIMINARY  RESULTS  OF  MECHANICAL  AND  STRESS 
CORROSION  TESTS  ON  PLATES  OF  7075  ALLOY 
PRODUCED  BY  A NEW  PROCESSING  TECHNIQUE 

E DiRiisso  M Conserva  and  M Bu'atli  In  AGARD  Spec'f-l'Sts 
Meeting  on  Stress  Corrosion  Testing  Methods  Jan  19  72  6 p 

tSoe  N72  219fX)  12  32» 

Avail  NTIS  HC$6  00  MFS0  95 

The  primary  and  secondary  properties  of  hot  rolled  plates  of 
707S  hriftllv  dp*;rnbprl  The  malprials  show  a reduction 

of  the  transverse  effect  comj.  ued  to  crjnveniionallv  produced 
plates  Improved  ■ haractenstics  of  ductili*.,  fracture  toughness 
and  stress  <o:rosion  ro*  stance  were  atiaitiod  m the  short 
transverse  direction  aloruj  suength  levels  equal  to  qi  higtier 
than  tr»ose  of  sinMU^.-  fnater.ols  fjroduced  ir»  the  traditional  way 

Author 
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N72-22918I  A:lvitorY  Group  for  Aerospace  RsMtrch  and 
DavaiopTtont.  Pant  (Pranca). 

THE  ACCUMULATION  OF  FATIGUE  DAMAGE  IN 
AIF  CRAFT  MATERIALS  AND  STRUCTURES 
J S^Sijv*  (Nrtl.  Aaroapaca  Lab  . Amsterdam)  Jan  1972  126  p 

raft 

(AGARO-AG-167:  AGARDograph  1S7)  Avail  NTIS 

The  a^aiiabla  irtarstura  m tha  faid  of  fatigue  damaoe 
accumulation  is  turveyed  and  analyiad.  Physical  aipectt  of 
fatigua  damage  accumulation  are  ditcuttad.  including  interaction 
ar^d  aaquanca  effects  Empirical  trends  observad  in  variable* 
ampfituda  tests  are  summarizad  includir>g  the  affects  of  a high 
preload,  pehodicel  high  loads.  grour>d*tO'eir  cycles  end  the 
variables  pertaining  to  program  loading,  rar>dom  loading  and 
flight  simulatioo  loading  This  also  ir^cludes  results  from  fuM  acele 
fatigue  teat  senes  Venous  theories  on  fatigue  damage 
accumulation  are  recapitulated  The  significance  of  these  theories 
for  explaining  empmcal  trends  ss  welt  as  for  estimating  fstigue 
properties  at  a design  problem  is  evaluated  For  the  letter 
purpose  reference  is  made  to  the  rnentt  of  employing  experience 
from  previous  designs  Fatigue  testing  procedures  are  discussed 
in  ratetion  to  various  testing  purposes  Emphasis  is  on 
flight-stmulaiion  tests.  Finally  several  recommsndatior^s  for  further 
work  are  made  Aulhor 


N 72. 24934*  Advisory  Group  lot  Aerospace  Research  and 
Dfevelopment  Pans  (France) 

nondestructive  testing  AND  INSPECTION  APPLIED 
TO  COMPOSITE  MATERIALS  AND  STRUCTURES 
Feb  1972  34  p refs  Presented  at  32d  AGARO  Structures  and 
Mater  Panel  Meeting  London.  31  Mar  1971 
(AGARO  R 590)  Avail  NTIS  HC  $3  75 

Papers  on  nondestructive  testing  applied  to  specimens  and 
structural  pans  made  of  compusne  ^re  presented 

Venous  methods  for  failure  inspection  m carbon  fiber  composites 
and  the  possibilities  and  limitations  ol  nondestructive  inspection 
for  quality  control  of  airframes  made  of  boron  composites  are 
discussed  For  individual  titles,  see  N72  24935  through 
N72-2493b 


N72-24936K  Cranfield  Inst  of  Tech Mogy  (England* 
NONDESTRUCTIVE  TESTING  OF  CARBON  FIBRE 
REINFORCED  POLYMERS 

C N Owsion  In  AGAPO  NondesUuct've  Teslmg  and  Inspection 
Applied  to  Composite  Mater  and  Structures  Feb  1972 

P 1 21  Sponsored  by  Mm  of  Aviation  Supply  (See  N72  24934 
15-32) 

Avail  NTIS  HCS3  75 

Ultrasonic,  radiographic,  eddy  current  and  acoustic  emission 
techniques  are  described,  and  possible  laiiu'e  mechanisms 
especially  m fatigue  are  discussed  It  is  concluded  that 
nondestructive  testing  of  carbon  fiber  composites  's  feasible 
Care  must  be  exercised  m reah2ing  that  composites  are  not 
metals,  and  the  interpretation  of  the  indicators  may  be  different 
There  are  few  case  histories  of  failure  with  coriposites  and 
predictions  of  the  importance  ol  delects  is  le^s  certam  ihjn  fo» 
metals  In  general  variations  m trie  hb'ous  pan  of  the  composite 
are  easy  to  locale  and  predictions  of  failure  are  easier  to  make 
Techniques  for  looking  at  the  ma*rix  a»e  not  so  good  and  there  is 
less  conhdence  in  nondestructive  testing  where  the  performance 
of  the  component  is  markedly  maini  dependent  Author 


N72-24936*  Air  Force  Maierials  Larj  Wfiyhi  Patterson  AF8 
Ohio  Advanced  Comnosiies  Div 

NONDESTRUCTIVE  INSPECTION  PRACTICES  USED  IN 
PRODUCTION  OF  COMPOSITE  AIRFRAME  STRUCTURES 
6 H JaHe  In  AGARO  Nondesir- Clive  Tesimg  and  insnechon 
Apphed  ;c  Cc.T-.pocitc  Mater  a-  Sv-jcij'es  i972 

P 23  31  (See  N72  24934  15  32) 

Avail  NTIS  HCS3  75 

Tfie  possibilities  and  imMtations  of  noncirsifuct'vc  inspection 
iNDli  applied  to  the  ijuality  control  of  a pnrnarv  structural  part 
made  of  boron  composite  are  des'-ntred  The  NOi  is  discussed 


uemg  typical  first  gerteraiion  high  modulus  composite  aircraft 
ampannage  structure^  as  examples  of  current  practicee  m 
airframe  production  The  following  subjects  are  discussed  (1)  the 
rrsost  frequerttly  occurring  defects  in  manufacture  of  composite 
structures.  (2)  ms|or  NOI  techniques  currently  available,  and 
their  limitation'  (3)  some  newer  techniques,  and  how  they  will 
fill  tiie  gap.  ard  (4*  problems  of  acceptance/ rejection  criteria. 
t >d  how  these  decisions  may  hr  quantified  Author 

N72-28902jii  Rolls-Royce.  Ltd . Wateford  (England)  Small 
Engma  Div 

THE  influence  of  FRETTING  ON  FATIGUE.  PART  3 
W J Hams  Pans  AGARO  Jun  1972  25  p 
(AGARO  AR-45)  Avail  NTIS  HC  S3  T ' 

The  effects  of  fretting  on  the  fatigue  properties  of  venous 
materials  are  discussed  The  development  and  evaluation  of 
anti-fret  media  on  titanium  ar>d  aluminum  alloys  is  described 
The  laboratory  equipmerit  used  to  conduct  the  experiments  is 
illustrated  Tables  and  graphs  are  rncludad  to  portray  the  results 
of  the  experiments  P N F 

N?2-29893o  Advisory  Gf'  up  'or  Aerospace  Research  and 
Di^veiopmeni  Paris  1‘rancei 

ACOUSTIC  fatigue  design  DATA.  PART  1 

A G ft  Thomson  {Eng  Sci  Data  Unit  Ltd)  May  1972  58  p 

re's 

iAGARD  AG  1 62  Pt  1 AGARDograph- 162  Pt  1 1 Avail  NTiS 
HCS5  00 

The  problem  of  acoustic  fatigue  life  of  a structure  subjected 
to  jet  noise  is  introduced  A framework  of  a design  procedure 
applicable  especially  to  skm  panels  »s  described  A rnethod  of 
estimating  the  near  field  sound  pressure  levels  due  to  high 
velocity  lei  noise  is  described  including  its  lirnitaiions  Methods 
are  described  to  predict  the  fust  two  groups  of  natural 
f'eqver»C'es  C*f  S-ngiy  C'jrved  ek-n  xiringer  st'ucl'jrcs  w-’.h 

four  different  enp  conditions  The  parameters  considered  are 
stringer  lorsional  stiffness  \2)  aspect  ratio  of  a lypicft:  section, 
and  i3i  the  number  of  half  waves  across  the  frame  ;)i  :h  \ 
method  of  estimating  the  root  mean  souare  m reciangui  jr  sim 
panels  Subject  lo  random  acoustic  loading  is  presei^ieo  Auiiiur 

N72  33915>»  Advisory  Giovu  Ic'  Aerospace  Research  and 
Development  Paris  iFiar^te) 

A COMPARISON  OF  METHODS  USED  IN  FLUTTER 
RESEARCH 

H G Kuevsnei  (uCVLft  Goenin*,er>  West  Germanyi  Aug  '*972 
141  p refs 

lAGAflO  R 532)  Ava.>  NTjS  MC:S9  2b  CSClOlC 

The  eiger'ireguences  iriodes  md  yenerai  red  masses  of  the 
F104G  arrerah  have  been  calculated  from  the  drawings  oy  the 
finite  ete/»'enl  r lethod  Ti»e  ideali^al'o'i  of  the  structure  by 
different  types  of  ®lemeiit$  and  the  formation  of  the  corresponding 
•nass  nnatfix  by  a-Jdiog  juri'perl  masses  are  described  The 
structure  is  divirlci  ir>io  isolated  substructures  By  several 
condensation  procedures  ine  numbe*  ol  symn.^lnc  and 
antisymmetric  unknowns  has  been  reduced  siepwse  Irom  8250 
• 7948  lo  I 70  162  Tfie  rigid  t>ody  modes  have  been 

eliminated  by  3 • 3 Supports  and  by  a modified  mass  matnx 

The  results  ot  the  calculation  oi  24  niodes  are  described  and 
illusiraierj  Only  1 3 of  them  were  i ompaiable  with  coriesponding 
rneasurements  of  two  mqependeni  yrtjund  vibration  tests  Whereas 
the  eiyenfr equencies  agree  within  a lew  percent  the  mode 
shapes  and  ihi  corresponding  generati/ed  masses  show  large 
diMerences  ar^h  -uggesi  the  need  lor  further  improvements  of  the 
calculation  rnet  iod  Authu' 


N73  14B98i»  Adviso-y  G'o-.»f)  lor  Ae'ospace  Research  and 
□evefoimiLTit  Paris  iPrancc’ 

ACOUSTIC  FATIGUE  DESIGN  DATA  PART  2 
A G R Thomsoi>  'Engiriyenruj  S*  i Data  Umt  Ltd*  arui  R f 
LarnbcM  En  i.ncen=y  Sci  Dalo  Umt  Ltd*  Nov  1972  59  p 
refs 


iA(j  AMD  AG  16?  P« 
NTIS  HCS5  00 


' G Ar.L'OCi^APM  162  Pi  2i 
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Datd  for  use  ifi  aefOdyn2»mic  stfuclura'  design  lo  reduce  the 
eHacts  accustic  fatigue  a>e  n:e&entcd  The  subjects  discussed 
are  ■ I > endurance  of  aiummuni  alloy  structural  elemems  vibjectcd 
to  acoustic  loading  42)  natural  frequencies  of  flat  or  singly  curved 
sandw'ch  panels  with  cores  of  ^ero  flexural  stiffness  and  (3> 
stress  -esponse  of  flat  or  singly  curved  sandwich  panels  with 
cores  of  /CIO  flexural  stiffness  subjected  to  random  acoustic 
lOddir^g  Aulf'O* 


N73-16^/*6#  Advisory  Group  for  Aerospace  Research  and 
Develop  •jor  Paris  (France) 

SYMPOSIUM  ON  RANDOM  tOAO  FATIGUE 

Oct  1972  237  p refs  Symp  held  at  34ih  rr.cetmg  of  ih^ 

AGARD  Struct  and  Mater  Panel.  LyngUy.  Uerimark.  13  Apr 

1972  sponsored  by  Struct  and  Mater  Panel 

lAGARD  CP  118)  Avail  NTlS  HC51400 

Physical  aspects  of  fatigue  darnage  accumulation  and  the 
significance  of  theories  for  the  calculation  of  fatigue  damage 
dcciimuiatinii  are  revie'  red  Influence  of  test  frequencies  on  crack 
propagation  rates  measurements  of  residual  stresses  in  notched 
spe- 1--  t-n^  etc  are  .eporied  For  individual  titles,  see  N73  1 6897 
th,  -jgh  N7j  16904 

N73  16897  Socete  Nationale  indust-’ieiie  Aerospanaie  Paris 
' France) 

A SHORT  SURVEY  ON  POSSIBILITIES  OF  FATIGUE  LIFE 
ASSESSMENT  OF  AIRCRAFT  STRUCTURES  BASEO  ON 
RANDOM  OR  PROGRAMMED  FATIGUE  TESTS 
W Bafrois  In  AGARO  Syrr-p  on  Random  Lead  Fatigue  Oct 
1972  21  D refs  (For  av-^. lability  soe  N73  16896  07  32i 

After  considering  designers  needs  and  detailing  the  various 
phy^ica'  parameters  that  are  significant  m the  fatigue  behavior 
of  specimens  and  strur'.tures  several  types  of  fatigue  tests  are 
reviewed  Pierlicuon  methods  of  structure  fatigue  life  front  fatigue 
tests  of  corr.(>onents  assemblies  arsd  sir  icture^.  undergoing 
constant  amplitude  loadings  are  surveyed  Ahei  considering  fatigue 
tests  under  programmed  loadings  the  case  of  random  loadings 
is  briefly  discussed  It  IS  concluded  ihj*  describing  lardr^m  loadings 
by  ihcif  .ool  mean  squares  is  not  sufficient  to  pred'Cl  the 
fviigue  live*  of  structures  even  v/hen  the  shape  ol  the  load 

pnv.or  sparimm  is  known  pi<*ppr  in  nf  romparaf'VP 

prediction  where  the  only  change  is  the  general  intensity  of  the 
spectrum  The  possibility  of  test  acceleration  by  increasing  thf 
general  load-  ig  intensity  is  considered  Author 

N73  16898  Roval  Airc  jft  fxtabhshment  Famborough  iCnglaudi 
Structures  Oept 

SOME  EFFECTS  OF  CHANGE  IN  SPECTRUM  SEVERITY 
AND  SPECTRUM  SHAPE  ON  FATIGUE  BEHAVIOUR 
UNDER  RANDOM  LOADING 

'V  T Kifkby  In  AGARO  Symp  on  Randr' n ioa-1  faligup 

'Jci  1977  19  p lef,  tfor  availability  see  N73  16896  07  32* 

Tfi0  probloni  of  reassoss'ny  the  fatigue  life  oi  o-i  dirc-a'i 
structure  IS  considered  w'-.en  it  ^ound  that  the  speebun  of 
io?*ds  e*u»erienced  m set  .ire  diffcs  from  the  loa«d  sperlfum  appi'e.d 
in  lest  Results  of)iamed  du/mg  fatigue  tests  on  structural  ele'neni- 
■jnde'  ran.dorn  luad  srecira  are  used  to  iilu',»ate  some  of  thp 
itTipoftant  consuferatio-is  msolved  It  is  sfiown  ifiai  if'r  u'.c  o- 
an  impioverl  method  of  life  prerfiCtion  will  generally  lead  to 
. V CeJ  UCCUr,3C,'  f Cil^g  li^r*  A fKr»» 

N73  16899  • Jatiorai  Aerospace  Lat>  Am  ^tpiriam  i Nptf.priarvis* 
THE  ACCUM'JIATION  OF  FATIGUE  DAMAGE  'N  AIRCRAFT 
MAiERIALS  AND  STRUCTURES 

.)  Srhij'-e  In  -‘.O  S,m(>  on  frand()fi'  load  raliq-.r  O f 

1972  120  p rei  .For  availability  see  N/3  1632S  U7  J2> 

Phy>ica:  aspects  of  fa’igue  'Jjmagn  accumu>-i.of*  ,'«p 
discusseo  inriudirig  interaction  and  sequenrp  effects  Empuu.ui 
ire'‘ds  Observed  m V iriahie  arnpiiiufle  tests  arr  summari/eO 
inr  lud'iig  U-e  effects  of  <»  h-gh  pieluad  penodir  al  fmjh  lua.fs 
ground  to  a*r  CydOv  and  tf-e  variahlec  pe.Mairung  to  prf>gfam 
loading  'andool  loaduiy  and  fliytii  Simulaticn  lod'i'iyj  'f»-s  «iir» 
ut^iudtfc  rvmm  from  full  acale  faiiyue  lekt  series  Vanous 


theories  or  fatigue  Oamara  accumulatin'  are  recapitulated  The 
significance  of  ttiese  th.^orles  for  explaining  ernpincal  trends  as 
well  as  for  estimating  fatigue  properties  as  a design  proble"*  >s 
evaluated  AothO' 

N73'169O0  'National  Aerospace  Lab  Amsterdam.  iNethedaods) 
EFFECTS  OF  TEST  FREQUENCY  ON  FATIGUE  CRACK 
PROPAGATION  UNDER  FLIGHT  E'MULATION  LOADING 
J Schijve  In  AGARO  Syriip  un  Raroom  Load  Fatigue  Oct 
1972  17  p refs  (For  availability  »ee  N73  16096  07  32i 

Fatigue  crack  propagation  .n  2024  T3  anb  7075  It  sheet 
material  was  studied  at  th'^e  tost  frequencies.  vi2  10  i and 
O 1 cycles  per  second  Tne  flight  simulation  loading  was  b<‘>sed 
on  a gust  spectrum  Ihe  desigri  stress  level  was  adopted  as  a 
second  variable  D-Urrences  between  the  crack  propagation  rates 
at  the  three  les;  frequencies  we  e small  and  unsystematic  The 
propagation  ^vas  much  slower  than  predicted  frorr-  constant 
amplitude  test  da*a  Moreover  the  macro-crackmg  behavior 
appeared  lO  be  diHe-eni  Auihoi 

N73  16901  Air  Fo-  c Systems  Command.  Wright  Patterson  AF0. 
Ohic 

CORRELATION  BETWEEN  LABORATORY  TESTS  AND 
S'-RVICE  EXPERIENCE 

W B Miller  ar^d  Holland  B Lowr'des  In  AGARO  Symp  on 
Random  Load  fat.^ue  Oct  1972  1C  p refs  (For  availability 
see  N7j  'ui36  07  32» 

Direct  comparisons  are  made  between  full  scale  fatigue  test 
failures  and  actual  service  fai'ures  for  several  military  ai-craft 
The  correlations  are  discussed  m relation  to  the  basic  laiigwd 
test  procedures  and  spectra  used  Some  methods  used  to  force 
correlation  wheie  apparent  correlation  is  ijckmg  are  discussed 
The  improvements  to  fatigue  testing  evolved  over  the  past  25 
years  are  summarized  ’ Author 

N7316902  Technical  Univ  ol  Denmark  Lyngby  Dept  of 
Solid  Mechanics 

<*N  RESIDUAL  STRESSES  DURING  RANDOM  LOAD 
FATIGUE 

Find  Rptvcl  In  AGARD  Symp  on  Random  Load  Fatigue  Oct 
1972  14  p refs  iFo'  availability  see  ■J'^3  16890  07  32* 

Data  are  presented  from  random  latigue  tests  on  norma:ized 
carbon  steel  with  0 7S  carbon  in  notched  s:  ecimens  a preloar) 
bt'vond  the  yield  sire<s  induced  residual  stresses  around  ihe 
nulch  The  residual  SlrC'^ses  were  rT^CiSu»ed  with  an  X ray 
rr.easuriny  technique  at  intervals  dunr-.y  ihc  fjbyue  loa^  ng  Results 
Iforn  broadband  and  narrowband  slochaslic  loading  lesis  are 
compared  w::h  ronsJani  amplitude  Sinusoidal  tests  Author 

N^3  16903  Inrjustrieaniaqen  Beiriebsyesei'schafi  .-r  b H Otto 
bfonn  'West  Germany) 

THt  FATIGUE  LIFE  UNDER  THREE  DIFFER  NT  LOAD 
SPECTRA  TE31S  AND  CALCULATIONS 

Walter  Schuel2  In  ACjARO  Symp  on  Random  Load  fa'-'iue 
Oct  •972  10  n refs  tFor  availabii  , see  N73  '6096  O’’  3?i 

One  of  the  more  importari:  protilems  m the  fatigue  I'fo 
()fedici.o*i  r.f  iT.iiitary  airplanes  is  cau:ed  by  ifte  rjiffcrpnce  between 
the  ioa<l  sper  tru*Ti  used  -n  thif  .uti  >-.aie  faiKj-...e  leM  an.l  ifip 
load  sp-.'-'lrum  .n  vic»  Comple*  flight  hy  flight  tesi«-  witi*  two 
types  of  n'•t^'f'er1  specifT'Oris  arid  a holied  jom!  simulating  a slnn 
fiitir  j |OiO!  were  r.aified  oui  orujer  th'ee  riifferem  load  spectra 
cecu;  i.g  If!  service  of  a German  rr  .litany  a»/plane  li  is  shown 

ma.  Mme*  ^ 'uie  I dll  ne  |i<i"sl»-i  f»» 

Mi''._-r  • il«*i  i*j  i rtUulah?  the  I /OS  wr»  huj)'  ar.C'.j'acy  fo»  Ihp 
notr.hed  spe  irn'ins  and  W't»‘  ir’  . ,r- - -m n y lo'  the 

Speci'f'oris  AuU'Of 

N73  16904  l ab’noln'Hi'f.  ‘:ii‘f  6cl'‘''hsfcMi'j* ‘’i|  Drirn-'iddt 
W'*st  Ge-inanyi 

A RELATION  BETWEEN  MEASURED  CENTER  OF  GR/-'VITY 
VERTICAL  ACCELERATIONS  AND  THE  LOADS  AT  THE 
T TAIL  OF  A MtLITAPV  aIHPLANE 

Onrj  b’»xl  aum  AGARD  Syiriji  in  Raf'dorri  loe't  fAI-jur 

Uci  197/  16  p refs  ;fo'  a/aiiatn'ir  '^cr'  N73  16d9._  ' ' 37' 

Ai.  eiiympenriy  scihil.on  is  iii'-snnlrMl  fr^'  ( (.i.relat  i'  'j  IWO 
diffcrcril  random  U..ai)s  limr-  h:*:f  j/-es  liaS7'J  on  niea'.U'e  nenis 
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of  C G vertical  accelerDiions  and  loads  at  the  ia>iplane  of  an 
aircraft  The  choice  of  instrjmeniaiion  for  a fleer  airplane  la 
described,  and  the  meesuremenis  of  operational  loads  are  related 
to  C G acceleraiic.-"»  countings  Author 

N73-18916IV  Advisory  Group  foi  Aerospace  Research  artd 
Development  Paris  (France) 

AO  HOC  GROUP  ON  LOW  CYCLE  HIGH  TEMPERATURE 
FATIGUE 

J M Orapier  (Centre  de  Rech  Met.  Liege)  Dec  1972  33  p 

refs 

(AGARl)  H-604i  Avail  NTlS  HC  S3  75 

This  report  presents  mformrition  on  the  aclivitiws  i''  low  cyc'e 
fatigue  testing  at  high  temperature  ILCHTFi  as  received  from 
57  laboratories  imdusiry  and  uoiver«i5.os)  «n  9 NATO  nations 
The  information  includes  the  interest  and  activity  in  LCHTF  testing 
techniques  and  conditions  used  Author 


N73-18931*  Advisory  Group  for  Aerospace  Research  z.r.6 
Uriveiopment  Paris  (France) 

wJMMARY  AND  EVALUATION  OF  SPECIALISTS  MEETING 
ON  STRESS  CORROSION  TESTING  METHODS 
0 nald  E Pif>er  (Lockheed  Missiles  ano  Space  Co.  Inc.  Palo 
Ano,  Cal:l  ) Dec  1972  1 1 p rtfs 
(AGARO  Afl  52)  Avail  NTlS  HCS3  00 

A Summary  is  presented  of  the  two-day  Specialists  Meeting 
on  Stress  Coriosion  Testing  Methods  held  during  the  33rd  Mce'.mg 
of  the  Structures  and  Materials  Panel  of  the  Advisory  G'Oup  for 
Aerospace  Ru’.earch  and  Development  lAGARO'  m Brussels. 
Belgium  on  October  5 and  6.  1971  The  program  was  p.epa'ed 
to  promote  free  and  candid  discussion  of  H I the  utility  and 
significance  of  stress  corrosion  data  to  current  engineering  and 
design  practices  (2l  the  progress  being  made  by  NATO  countries 
tov/ard  standardisation  oi  lest  techniques  for  stress  corrosion 
crackin';  and  (3)  those  test  methods  which  might  be  recommended 
as  standard  techniques  m thr  immediate  future  Author 


N73  28884ji(  Advisory  Group  for  Aerospace  Retearcn  and 
Development  Pam  (France) 

TECHNICAL  EVALUATION  REPORT  ON  THE  AGARO 
SYMPOSIUM  ON  RANDOM  LOAD  FATIGUE 
Waller  Schueu  (l.iduetrieaniagen  Betnebegeseilscheh  mbH) 
Jun  1973  1 3 p ref» 

(AGARD  AR  541  Ava-I  NTlS  HCS3  00 

Brief  sgmn.aries  of  the  papers  presented  to  the  AGARO 
Symposium  era  pre'enied  Conclusions  and  recommendations  are 
included  Topics  discussed  include  full  scale  lancoe  lesimg  crack 
propagation  under  flight  by-flight  loading  fatigue  life  prediciK:in. 
measu'ement  and  esiimaiior  of  fatigue  loads,  dan.sge  accumuia 
non.  and  service  experience  F 0 S 


N73  29906x  Advisory  Gmup  for  Aerospace  Research  and 
(^eveiopmeni  Pens  (France) 

SYMPOSIUM  ON  ACOUSTIC  FATIGUE 

May  1973  273  p re(s  Panly  m FRENCH  mostly  m E NGLiSH 

Papery  piesenied  at  3Stn  Meeting  of  the  Struclures  and  Mater 
Panel  Toulouse  26  27  Sep  1972 
iAGAROCPIUi  Avail  NTlS  HC$15  75 

The  proceedings  of  a conference  on  acousi'c  fatigue  arid 
meifiods  for  reducing  the  effects  of  acoustic  fatigue  are  presented 
The  subjicts  discussed  include  M'  dynamic  loa-Jing  yf  airc'aH 
Surfaces  0-/6  to  iOt  ejihaust  i.mpingen'ent  i2>  response  of  s(ruct.i.'es 
I'j  d*?rodyi lamic  loads  '3i  design  d«iiet  Ic  acoustic  fatigue  '4» 
damping  and  composite  stru-ctu'es  :5i  son-c  fatKlue  of  t jnded 
sandwich  structures  and  «6.'  assossrr.ent  of  test  lechinqije'  for 
deierniiuing  e«ten(  of  acoustic  f '•jue  For  individual  idles  see 
N73  29906  through  i'f73  29923 

N/3-2990B  Sccete  Nationals  industneile  Aerospatiale  Tpuiouse 
■France;  Bureau  <)  Eludes 

KEYNOTE  ADDRESS  (ALLOCUTION  0'OUVERTURE| 

Romj  Loutret  In  AGARD  Syrrip  on  AcOuSt'C  rahgue 

1973  2 p hi  ;R£NCH  (To.  evilaLiiity  aee  N73  29905  20  32) 
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The  complexity  o>  problems  raised  before  ihe  conference  on 
acoustic  fatigue  are  discussed  Data  cover  construcnve  solutions, 
n^ethods  of  prever^tion  and  control,  and  cooperation  of  various 
Nations  in  providing  test  procedures  for  the  problems 

TransI  by  E H W 


N73-29907  Dormer  Werke  G rr^  b H Fnednenshafen  (West 
Germany* 

INFLUENCE  OF  THE  GROUND  ON  THE  NEAR  FIELD  NOISE 
LEVELS  OF  JET  SUPPORTED  V STOL  AIRCRAFT 
Rudolf  Scholten  M AGARD  Symp  on  Acoustic  Fatigue  May 
1973  12  p refi  iFo*  availability  see  (J73-29905  20  3?) 

A method  for  calculating  the  near  field  noise  level  of  a f>ee 
let  (no  ground  effecti  by  means  of  a modified  Lighthiil  theory 
usiryg  measured  refeience  sound  fields  is  expldir>ed  The  fhorreom 
■ngs  of  the  referenre  fields  presently  used  as  we'l  as  a means 
to  eliminate  them,  are  shown  In  arjd'tion  determining  frequency 
spectra  m the  near  sound  field  by  means  of  a modified  Strouhei 
number  is  described  The  validity  of  the  modified  Lighihill  theory 
•s  proven  by  means  of  two  rJiflerent  engine  jets  Wall  let  sound 
fields  '.sound  fields  of  an  engine  let  directed  vertically  towards 
the  ground)  and  the  influence  of  the  essent>ai  parameters  afferfing 
the  sound  field  aie  discussed  increase  : noise  levels  due  to 
grouned  effect  are  examined  uS'  g ).  STOL  aircraft  operation  as 
0.1  example  Author 


N73  29908*  National  Aernnauucs  and  Space  Adinuuslrdtion 
Langley  Resea  rh  Ceriier  Langley  Station  Va 

DYNAMIC  LOADING  OF  AIRCRAFT  SURFACES  DUE  TO 
JET  EXHAUST  IMPINGEMENT 

0 L Lansing  J A Dnschler.  T J Brown,  and  J S Mixson  /r 
AGARO  Symp  on  Acoustic  Fatigue  May  1973  9 p refs 

(For  availability  see  N73  29905  20  32‘ 

CSCL  OiC 

High  lift  wing  concepts  being  conside'ed  fo'  application  to 
corrwnorcidi  STOL  transports  are  discussed  The  flow  patterns 
which  produce  d\ nafT.ic  loads  on  these  wings  are  indicated 
Measurements  of  surface  pressure  and  acceleration  on  a 
one  hall  scale  model  of  an  externally  blown  double  slotted  flap 
are  reported  Root  rnean  square  vaijas  power  spectra  and  scaling 
pa'dmeieis  are  stiown  Author 

N73  29909  Ndi'onai  Aeronautical  Estatilisfument  Ottawa 
■OniariQi  oiruciure'.*  and  Materials  Lab 

SURFACE  PRESSURE  FLUCTUATIONS  FROM  JET  IM 
PINGEMENT  ON  AN  INCLINED  FLAT  PLATE 
r Westiey  J h Wooiiey  and  P Brosseau  :.n  AGARD  Symp 
■jri  Acoustic  Fatigue  May  )973  18  p refs  'For  availability 

se^f  N73  29905  20  3Zr 

*^h»j  influt:fice  of  JC‘  impingement  pressure  Huctuaiions  on 
the  structural  dfjsigri  ol  shu't  taVeoH  aucralt  that  use  externally 
tiiovvn  lia(.» . .s  rliscussed  An  experiment  is  described  m which 
the  surlace  pressure  fluctuations  on  a Hal  p'die  were  myasuicd 
when  an  imiimginq  cold  air  jc!  was  blown  at  Ihe  plate  with 
various  speeds  inclination  angles  and  sopara'ion  distances  The 
niea>u.’»*'J  v.i.-face  sound  pressure  levels  and  Ihei'  spcct-a  arc 
repo'ierl  Auttiur 


N73  29910*  National  Aerrmawtir  s and  Spate  Adminislration 
Afiips  Meseare.h  Center  Moffett  Ficirl  Cai'f 

PRESSURE  FLUCTUATION  INPUTS  ANO  RESPONSE  OF 
PANELS  UNDERLYING  ATTACHED  AND  SEPARATED 
SUPERSONIC  TURBULENT  BOUNDARY  LAYERS 

Clifi'ies  r Cfje  and  Wc  J Chyu  /r>  AGARO  Sy»r.p  ori  Atuusiit 
Fatigue  May  1973  20  p ffls  'Fri-  availahihiy  see  N7J  ?99(-‘^» 

20  32i 
CSCI  20D 

Hesulls  ol  an  mvestiyaliun  . f surfate  p'ess  ue  fluctuations 
an. I restio'ise  o‘  panels  undorlyimj  atiatlierf  .irid  separated 
luit>ulr?rii  boundary  layR'S  and  shock  waves  d'e  summan/ed 
I Mensivr;  tests  of  a 'arge  rissoriment  ol  a x isy  m m et  r it  aurt 
IWO  rji.  irnsional  models  have  liecn  corufijclr*'!  at  t'ans^jnit  and 
Sup<*'S'r"i'  Math  numbi-  S to  3 0 I'l  Study  Ihe  presSO'O  fields 
Assorted  li«i;d  erJge  H-ji  panels  h.wc  been  tested  at  Mach  i-umbe's 
Iron.  1 0 to  3 0 u-  aitacht.d  and  compictply  separated  flow  fields 
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in<j  in  rmxeO  flow  with  d $iep  induced  shock  wave  oscMa^ng 
oo  the  panels  The  surface  pressure  fluctuations  are  describOv'^ 
in  terms  of  broadband  rms  spectral  density  «'.i  2 spatial  correlation 
information  The  effectiveness  of  parameie'S  for  scaling  the 
piessure  fluctuations  is  also  illustrated  Measurements  of  me 
amplitude  and  strain  response  of  the  panels  are  compared  with 
reibonse  computations  by  the  normal  method  of  analysis 

Author 

N73  29911  National  Research  Council  of  Canada  Ottawa 
•Ontario) 

ACCURATE  FINITE  ELEMENT  MODELLING  OF  FLAT  ANC 
CURVED  STIFFENF.0  PANELS 

G M Lindberg  I f AGARO  Symp  on  Acooshc  Fatigue  May 
1973  21  p lels  (For  avaiiabil-  ■ 'ee  N73  29905  20  321 

The  dynamics  of  stiffened  iS  vveie  ar^alyied  using  three 
differerrt  stiffener  rrodeis  The  u.jre  exact,  complete  beam  finite 
element  rr.ethod  was  used  in  preference  to  the  T beam  approach 
A rectangular  cylindrical  shell  finite  element  has  been  derived 
and  was  used  to  studr  the  dynamic  of  singly  cur'*ed  stiffened 
panels  The  md|or  efl''".t  of  the  curvature  is  to  increase  the 
lowest  frequencies  ano  to  broaden  the  banded  nature  of  the 
results  Higher  frequences  are  litUt  affecieil  by  the  changes  m 
curvature  Authv 


N73-29912  British  Aircraft  Corp  (Operating)  Ltd  Bristol 
iCngSar.dl  Ctrvctu:al  Accustic:  Grovp 

RESPONSE  ANO  FATIGUE  CHARACTERISTICS  OF  LIGHT 
ALLOY  MACMtNEO  PLANK  STRUCTUF;E«i 
0 C G Eaton  In  AGARO  Symp  or^  Acowtic  fatigue  May 
1973  17  p refs  (For  availability  see  N73-29905  20  32) 

The  response  and  fatigue  characteristics  o<  light  aiiov  integrally 
machined  planks  are  discussed  The  vibriat  on  characteristics  i,re 
compared  with  those  of  equivalent  fabricated  conventional 
structures  The  characierishcs  are  'evieweJ  with  emphasis  on 
the  related  acoustic  fatigue  implications  Methods  of  uredict.ng 
dynamic  stresses  are  considered  arrd  cornparisons  are  rriadp  with 
practical  results  A research  program  for  obtaining  information 
to  be  used  in  pfepa«ing  design  guides  is  discussed  Problems 
associated  with  noise  induced  crack  propagation  m machined 
plank  structures  are  reported  Author 

N73-23913  Secrete  Nationaie  ind-jstnelie  Aerospatiale  Toulouse 
ifrancel  Bureau  d Etudes 

EXPERIMENTAL  RESEARCH  ON  THE  RESPONSE  OF 
AIRCRAFT  STRUCTURES  TO  ACOUSTIC  FATIGUE 
{RECHERCHE  E X P E R IM  E N T A LE  DE  LA  '^ENUE  DES 
STRUCTURES  D AVION  A LA  FATIGUE  ACOUS1IQUEI 

Jean  Gay  fn  AGARO  Symp  on  Acoustic  Fatigue  May  1973 
9 p In  french  (For  availability  see  N73  29905  20  32) 

Data  are  presented  on  conditions  known  to  cause  acoustic 
fatigue  and  test  conditior^s  necessary  lor  treating  or  correcting 
the  problem  Data  cover  sorce  of  e«Citation.  flight  condnions 
and  effects  of  aircraft  cnticjl  zones  on  the  problem  Several 
test  j>rocedures  were  eKarmned  Transl  Ijy  E H W 

N73  29914  Enyineenriy  Sannees  Uat-i  Umt  London  iF-ng 
landT 

DESIGN  DATA  FOR  ACOUSTIC  FATIGUE 
A G R Thonison  and  P F Lambert  //■  AGARO  Symp  on 
Acoustic  fdtiguv  Mar  1973  ‘6  p refs  iFor  availability  see 

.‘^73  :3305  20  32; 

The  development  and  preparation  of  data  sheets  lor  ar.ouSlic 
fatigue  analysis  and  data  reccnlmy  arc  reported  Tf»e  <Jata  are 
c'assified  aCCOidiny  lo  the  foUOw.ny  (1>  irjadmg  jr.tions  i2‘ 
natural  frequences  I3'  Slr»-'SS  resprjnse  of  components  under 
load  and  (4i  fatigue  life  estimation  Matfiernai'cai  models  for 
flat  plate  frequencies  the  effect  of  finite  core  shear  s(ilfr>ess 
and  the  influence  of  cor»»  orUiof'opi  are  preserd  ^d  Author 


N73  29915  Souttiamplon  Univ  iLnyiandT  Inst  of  Sound  arvj 
Vibration  Research 

ESTIMATES  OF  THE  RESPONSE  OF  BOX  TYPE  STaUC 
TUBES  TO  ACOUSTIC  LOADING 


293 


Brian  L Clarkson  In  AGARD  Symp  on  Acoustic  Fatigue  May 
1973  16  p refs  (For  availability  see  N73  29905  20  32l 

A muUicell  box  structure  representing  typical  aircraft 
construction  was  tested  m a high  inier^sity  noise  facility  The 
vibration  response  of  the  interna!  ribs  was  studied  The  test 
specimen  was  designed  m such  a way  the  nbs  cuuid  be  changed 
to  produce  variants  m a typical  tailplane  design  A semi  empirical 
method  for  analysing  the  response  is  developed  and  compared 
with  the  experimental  results  Author 

N73  29916  Lockheed  California  Co  Burbank 
CORRELATION  OF  SONIC  FATIGUE  FAILURES  IN  LARGE 
FAN  ENGINE  DUCTS  WITH  SIMPLIFIED  THEORY 
Jaak  Soovere  in  .^GARD  Symp  on  Acousl'C  Fatigue  May 
1973  14  p r«-f^  -fo:  availability  see  N73  29905  20  32' 

The  nature  of  the  la'ge  fan  jet  enguie  intake  duct  noise  and 
its  effect  on  the  Ouct  siruciu-f  are  described  A simple 
semi  empitical  method  is  developed  to  predict  the  stresses  m 
intake  duct  structure  induced  by  fan  noise  The  predicted  stresses 
at  the  failure  location  show  good  correlation  wdh  random  fatigue 
data  for  bending  across  tr^e  nvet  line  Author 

N73  2S917  Brit  ish  Aircraft  Corp  Weybndge  lEngiandt 
Commerc.al  Aircraft  Oiv 

EXPERIMENTALLY  DETERMINED  DAMPING  FACTORS 
J A Hay  In  AGARD  Symp  on  Acrustic  Fatigue  May  1973 
1 ?>  p »efs  (For  availability  see  N73  2990S  20  32' 

The  effect  ol  danipmg  on  the  response  of  a structure  lo 
acoustic  excitation  is  Oiscussec  Tne  various  pa'dinoie<s  which 
induce  damping  are  analyzed  Mathematical  models  are  developed 
to  show  the  damping  ratio  and  the  equations  of  motion  for 
VISCOUS  and  hysteresis  damping  The  test  lecilities  and  procedures 
for  experimental  determination  of  damping  coefficients  ate 
reponed  Author 

N73-29918  Air  Force  Flight  Dynamics  Lab.  Wnght  Patterson 
AF6-  Ohio 

DESIGN  ANC  SONIC  FATIGUE  CHARACTERISTICS  OF 
COMPOSITE  MATERIAL  COMPONENTS 
N O Wolf  and  M J Jacobson  (Northorp  Corp.  Hawthorne 
Ceiil  I In  AGARD  Symp  on  Acoustic  Fatigue  May  1973 
18  p refs  (For  availability  sec  N73-29906  20  32) 

A summaiY  of  two  programs  concerned  with  the  design 
and  acoustic  testing  of  compos'tj  melenel  c».‘‘mporienis  is 
presented  Equations  are  developed  for  both  a simplified  ihuory 
and  a more  general  theory  m matrix  form  for  predicting  natural 
frequencies  mode  shapes  and  stresses  m unstiffened  and 
cross-stiffened  advanced  composite  panels  subiectcd  to  acoustic 
loads  Sonic  fatigue  lest  results  on  simple  8 ply  boron  epoxy 
and  6 ply  c'oss  stiffened  graphite  epoxy  panels  are  described 
This  includes  panel  damping  values,  fatigue  life  stress  data  and 
a oescription  where  appropriate  of  panel  fatigue  failures  Also 
a senes  of  72  beam  specimens  was  fatigue  tested  with  shaker 
excitation  to  develop  S N data  for  various  simulated  jomt 
configurations  The  beams  consisted  of  a graphite  epox-  or 
boron  epoxy  material  bonded  or  nvrjterl  to  a graphite  epoxy  o* 
titenium  alloy  siiHenei  S N data  up  to  10  to  the  9th  povver 
'vcies  were  obtemed  Frequencies  and  suams  predicted  by  tiie 
analytical  procedures  are  compared  w.tn  expenmentaMy  imeasured 
values  Author 
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N73  29919  Rof»r  Co'p  Chula  Visia  Calif 

FOMC  FATIGUE  OF  0 IF  FUSION  BONDED  TITANIUM 
SANDWICH  STRUCTURE 

I Hpienouse  in  AGARO  5y'  p u«»  Tat-yuv  Ma» 

I97j  p 15  p refs  (Tor  availability  see  N73-29905  20  32) 
The  sonic  fatigue  charactensi-cs  of  titanium  sandwich 
structures  using  a hquirl  -nterface  d'ffusior  iLIDl  bonding  p'ocesS 
are  discussed  Test  paneit  vver®  subjected  to  s 'und  levels  ol  up 
to  170  rfb  for  extended  time  p®r'0'ls  Vanous  fyiiure  rimdas  and 
limes  lo  failure  were  otjsen/ed  Sufficient  stram  and  acoustic 
data  were  taken  to  develop  a sea.i  ernpuicai  design  analysis 
nomograph  A Single  degree  0*  Ireedom  random  response  equation 
combined  with  a fmiie  element  appioacfi  for  determining 
natural  frequencies  a^'d  static  stress  values  was  used  The  eMflU 
cf  skin  repairs  aiifl  fa',iny  to  ;ore  Ixjrid  voids  wor©  mveslipdicd 
tiy  !es*u*y  panels  wth  (irogrammerl  rJefrjctr.  Auihr;/ 
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N73-29920  A«niaii9.  Turin  (Italy) 

ACOUSTIC  FATIGUE  TEST  ON  THE  VFW  FOKKER  VAK 
191  B STRUCTURAL  COMPONENTS 

P»€(ro  Salvaggi  and  Angelo  Lorea  (Fiat  SpA.  Turin)  In  AGARO 
Symp  on  Acotiatic  Fatigue  May  1973  16  p refi  (For 

availability  sae  N73-29905  20-32) 

Near  field  ooite  and  lemparature  meaaurementa  on  1/4  scale 
model  of  me  VFw  FOKKER  VAK  191  B aircraft  indicated  that 
critical  environmer^ts  will  be  induced  on  aircraft  structural 
comi>onenta  during  the  VTO  and  STO  configurations  The  results 
of  the  structural  response  and  endurar  ca  test  performed  on  e 
fuseiege  skm  panel  ar>d  on  a wing  trailing  edge  flap  are  reported 
The  noise  and  temperature  simulation  procedure  and  the 
experimental  facilities  arranged  for  testing  purpose  are  des 
cribed  Author 

N79-29921  Royal  Aircraft  Establishment.  Farnborough  (England) 
Structures  Oept 

SOME  CONSIDERATIONS  OF  THE  FATIGUE  BEHAVIOUR 
OF  ALUMINUM  ALLOY  STRUCTURES  UNDER  ACOUSTIC 
1 LOADING 

W T Kirkby  M AGARO  Symp  on  Acoustic  Fatigue  May 
1973  14  p refs  (For  availability  see  N73  2990S  20  32i 

Data  on  the  fatigue  performance  of  aluminum  alloy  structural 
elements  which  represent  typical  skm  stringer  attachments,  or 
j integrally-miHed  skin-stiffener  configurations  for  use  m design 

against  acoustic  fatigue  are  discussed  The  fatigue  data  have 
generally  b»Rn  nhiamerl  fmm  tests  under  narrow-hand  random 
, loading  With  ze'o  mean  stress  ui  the  Saio  Some  guidance  ii 

given  cn  the  allowances  which  should  be  made  for  differences 
in  bandwidth  and  for  effects  of  mean  stress,  wnen  using  such 
■cousiic  fatigue  data  The  tentative  advice  given  ■$  Lased  on 
general  experience  of  me  fatigue  behaviour  o^  other  types  of 
etructurel  elements  under  a wider  range  ol  random  loedmg 
conditions  Some  consideration  is  also  given  to  some  aspects  of 
crack  propagation  under  acoustic  fatigue  loading  In  particular 
the  problem  of  crack  propagation  under  combined  fatigue  loeding 
actions  IS  discussed  Predictions  of  crack  growth  under  cebm 
pressurisatinn  and  acoustic  loading  are  used  to  illustrate  the 
srgnificance  of  the  problem  with  reference  to  aircraft  structures 
which  must  satisfy  tail  safe  reguirements  Author 

N73-29922  hawker  Siddeioy  Aviation.  Ltd  Brough  (England) 
ASSESSMENT  OF  SIREN  TEST  TECHNIQUES 
Eric  James  Pnmips  m AGARu  Symp  on  Acoustic  Fatigue 
May  1973  18  p refs  (For  avdilabihiy  see  N73  2990S  20-32) 

The  Siren  as  a test  technique  for  the  determination  of  response 
artd  life  of  aircraft  structures  subject  to  engine  noise  fiatd  excitation 
la  discussed  A fiat  pane;  specimen  is  to  be  placed  m the  near 
noise  field  of  a typical  jet  engine  and  ns  stress  response  measured 
The  specimen  is  placed  m a siren  and  the  response  which  was 
measured  m the  engme  noise  field  reproduced  as  closely  as 
possible  The  differences  in  response  is  assessed  with  regard  to 
the  extrapolation  of  measured  siren  fatigue  life  to  service 
environments  Specimen  responses  m the  engine  noise  field  and 
in  the  Siren  are  cornpared  with  the  iheoreiicaliy  predicted  response 
using  methods  of  varymg  complemly  Author 

N73-29II23  Air  Force  Flight  Dynamics  Lab.  Wright  Patterson 
AF6.  Ohio 

SONIC  FATIGUE  RESISTANCE  OF  LIGHTWEIGHT  AIR 
CRAFT  STRUCTURES 

j fl  C W VanderHeyde  and  A W Kolb  in  AGARO  Symp  on 

I AtUuSlic  r«hgutr  <373  < . p <el»  .f  d v aildbilil y V«*V 

I N73  29905  20  32i 

I An  experimental  program  under  which  the  .esponse  and 

sonic  fatigue  resistance  of  lightweight  aircraft  sinjctures  wara 
i 'nver,( iya»ed  iS  oresented  The  program  -rivol’-ed  a series  of 

[ aiurnioum  alloy  panals  of  bondc-d  beaded  and  skm  stringer  design 

A tote*  of  00  bonded  beaded  and  60  skin  slrmgor  type  test 
specimens  was  mvestiyjted  The  panels  were  tested  m g jups 
ol  5 or  10  at  4 difleicr^i  overall  sound  pressure  levels  to  obtam 
text  'esulis  with  a high  lovo  ol  conlirjence  The  data  reported 
mi'lyrle  mode  SfiajmS  panel  r'ampmg  ratios  iifiearity  of  response, 
fatigue  life  and  failure  locator)  Fu*  sume  panel  corifigurations 
data  to  at>ove  10  to  the  8th  power  cycles  were  obtained  The 


test  facility,  test  fixture,  noise  source,  testing  technique,  end 
instrumerttation  used,  are  described  along  with  the  test  results 
Fatigue  failure  detection  techniques  are  discussed  The  test  results 
ere  corr'^ared  wilfi  stress  predictions  from  various  available 
methods  Author 

N73-29924|k  Advisory  Group  for  Aerospace  Research  end 
Development  Paris  (France) 

FAT;GUE  life  prediction  for  aircraft  STRUCTURES 

AND  materials 

May  1973  223  p refs 

(AGARO  LS  62)  Ava-:  NTlS  HC$13  25 

Procedures  lor  predicting  the  fatigue  hie  of  aircraft  structures 
are  described  The  subjects  discussed  are  (1)  methods  of  stress 
measurement  .’maiysis  for  fatigue  life  evaluation  12)  application 
of  fracture  rnechanics  principles  m design  and  analysis  of  aircraft 
structures.  <3)  effects  of  corrosion  fatigue.  14)  crack  growth 
prediction  techniques  and  (S)  development  ol  analytic  theory 
lor  fatigue  For  individual  titles  see  N73-29925  through 
N73-29934 

N73-25926  National  Aerosf  ace  Lab.  Amsterdam  (Nether- 
lands) 

ASPECTS  OF  aeronautical  FATIGUE 
J Sctii|ve  In  AGARD  Fatigue  Lile  Prediction  for  Aircraft  Struct 
ar%d  Milter  May  1973  23  p refs  (For  availability  see 

N73  2992^  20  32) 

eva!v3t‘0n  o*  fet'gue  Quai'ty  of  an  gif'*raH  i4  rtisrnsseil 
Several  steps  suefr  as  1 1 » determinatiorr  of  the  fatigue  load 
environment.  12'  response  of  the  aircraft  structure  (?)  internal 
toed  drithbutions  and  i4l  estimation  of  the  fatigue  properties 
ere  involved  The  fatigue  properties  comprise  fatigue  life,  crack 
propegetion  and  residua)  strength  The  latter  two  items  together 
with  insoection  procedures  are  qualifying  the  fan  safety  The  above 
etpects  ere  analysed  with  reference  to  the  coninbuuons  of  design 
efforts,  calculations,  testing  inspections  and  fatigue  load 
mon.ioring  Author 

N73-2if92B  Laberatonum  luer  Belnebsfestigki  it.  Darmstadt 
iWesi  Germany) 

METHODS  OF  STRESS  MEASUREMENT  ANALYSIS  FOR 
FATIGUE  LIFE  EVALUAT)ON 

O Buxbaum  In  AGARD  Fangi  t Life  Prediction  fo.  Aircraft 
Struct  and  Mater  May  1973  19  p refs  iFor  availability 

see  N73  29924  20  32i 

The  possibilities  and  limitations  of  a spectral  presentation  of 
measured  stress  time  histories  are  described  A concept  is 
presented  which  distinguishes  between  stresses  due  to  random 
vibrations  and  sireuses  due  to  manoeuvers  variations  of  payload, 
and  which  is  suitable  for  any  theoretical  or  experimental  fatigue 
life  evaluatiu*^  Reference  <s  ntade  also  to  fatigue  testing  under 
random  loading  and  to  the  derivation  of  external  loads  Author 

N73-29927  iHawker  Siddeley  Aviation  lid  Hadield  (England) 
TH*'  USE  OF  COUNTING  ACCELEROMETEr  DATA  IN 
rATIOUE  LIFE  PREDICTIONS  FOR  AIRCRAFT  FLYING  IN 
COMPLEX  ROLES 

J A 0 Lambed  In  AGARD  Fatigue  Life  Prediction  for  Aircrah 
Struct  and  Mater  May  1973  16  p refs  >For  availability 

see  N73  29924  20  32‘ 

The  use  of  counting  acceieiomeier  data  (or  predicting  jhe 
fatigue  irfe  of  aircdlt  Hvmg  m vanous  loao  conditions  is  discussed 
Mer  nods  fo-'  conducting  a full  scale  fatigue  test  are  explained 

• )<v  4ppMU0t'u<>  uf  ai'Kj  01. U'cia t'Oi • ' 1 <u* ■ ■ 'I.* V fig'iter 

and  transport  aircraft  'S  analy/e'l  The  characienstics  uf  fatigue 
meters  for  obtaining  accjiale  load  data  are  desc'ibed  Au'hor 


N73-29928  Air  Fijrce  fligfu  f'/namics  Lafi  V.riyfii  Patterson 
AFB  Ohio 

THE  USE  OF  FRACTURE  MECHANICS  PRINCIPLES  IN  THE 
DESIGN  AND  ANALYSIS  OF  DAMAGE  TOLERANT 
AIRCRAFT  STRUCTURES 

Howard  A Wood  In  ACjARD  Fatigue  Life  Predicnon  for  Aircraft 
Struct  ar'd  Mater  May  1973  13  ji  'efs  >^or  a -ailabiiity 

see  N7J  29924  20  32- 
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Current  trend*  m the  of  high  strength  sirjctural 

mttenett  for  eerospace  appiicatroni  are  reviewed  The  manner 
(O  which  fracture  control  procedures  may  be  implemented  to 
achieve  a higher  degree  of  damage  toierartca  are  discussed  The 
application  of  fracture  requiremenr^  to  two  current  designs  is 
related  These  eipenences  have  contributed  to  the  formulation 
of  specifications  for  use  aerr^s  the  board  on  all  new  systems 
Important  aapects  of  tha  , ^sed  USAF  damage  tolerance 
cntaria.  'Acluding  initial  damage  assumption  and  crack  growth 
anafysaa.  are  discussed  Author 

N73-29929  Banalle-Northw*isi  RichlarMj  Wash 
COKROtlON  FATIGUE  OR  HOW  TO  REPLACE  THE 
FULl  SCALE  FATIGUE  TEST 

W E Artdarson  In  AGARO  Fatigue  Lfe  Prediction  for  Aircraft 
Struct  arid  Mater  May  1973  10  p refs  (For  availability 

see  N73  29924  20  32) 

The  effect  of  environment  sr^d  siress  cycting  m real  hme  on 
in  sarvK't  structural  failure  is  discussed  Comparative  calculations 
of  cracktrtg  from  a fastener  hole  are  used  as  the  basis  of  the 
investigation  A method  to  overcome  the  limitations  of  full  scale 
fatigue  test  data  is  proposed  The  method  involves  sacrificial 
esammaiion  of  selected  portions  of  airframes  and  testing  of  thj 
structural  msteritils  under  several  environmental  and  stress 
histones  Application  of  the  procedure  for  calculating  scheduled 
repair  times  for  individual  airframes  based  or>  respective  flight 
•KpenerKes  is  proposed  Author 

H73-29930  Aumneutical  Systems  Oiv  . Wnght  Patterson  AFB. 
Onio 

ON  FATIGUE  ANALYSIS  AND  TESTING  FOR  THE  DESIGN 
OF  THE  AIRFRAME 

Walter  J CricMow  In  AGARO  Fatigue  life  Prediction  for  Aircraft 
Si'uci  and  Mater  May  1973  36  p refs  (For  availability 

see  N73  29924  20-32) 

The  experimental  and  analytical  techniques  lor  controlling 
time  10  fatigue  crack  iniiiatK>n  m design  of  a<rcrah  structure  are 
reviewed  to  define  improvements  that  may  be  gamed  from 
available  research  knowledge  Discrepancies  among  simoie  theory, 
experiment,  and  service  are  being  better  explained  by  ac- 
couniabilny  for  residual  stress  systems  created  b>  higher  than 
average  loading  peaks  recurring  randomly  throughout  the 
service  load  spect'um  Analytical  accounting  for  the  generation 
decay,  and  recreation  of  residual  stress  spectra  is  an  essential 
adjunct  to  the  experimental  approach  for  not  all  parts  can  be 
critically  tested,  and  nut  ail  iuad  spect  a va<>a*>or,s  can 
accommodated  in  test  Recent  advances  in  residual  stress  analyses 
are  reviey»ed  Failure  theory,  interaction  matrix  chemics' 
Icorrosiori).  and  mechanical  (fretting)  environmental  aspects  are 
explored  Variabilily  of  results  are  discussed  m terms  of  design 
life  reduction  factors  Author 

N*’3. 29931  Batieile  Northwest.  Richland  Wash 
A RATIONAL  ANALYTIC  THEORY  OF  FATfGUE 
REVISITED 

A C Anderson  In  AGARO  Fatigue  Life  Prediction  for  Aircraft 
Struct  and  Mater  May  1973  9 p refs  (For  availability  see 

N73  29924  20  32) 

Fatigue  of  airframe  structures  is  viewed  from  the  standpoint 
of  crack  initiation  and  extension  By  employing  a rational  anelylic 
theory  of  fatigue  the  aspect  of  cracli  extension  is  treated  m 
terms  of  the  maximum  stress  fie>d-parameier.  and  the  minimum 
to  maximum  load  excursion  ratio  Initiation  is  treated  as  that 
period  prior  tc  development  of  a well-behaved  crack  A numbe' 
of  sirfr^mA  fatio>iA  test  data  are  thereby  examined  and  compargu 
with  interpreted  service  experiences  ihe  principal  differences 
seem  ic  sierti  from  environmental  influence*,  m service  ^re 
not  represented  during  laboratory  experiments  Author 

N73-29932  Air  Force  Might  Dynamics  Lib  Wnyhi  Patie'son 
AFB  Ohio 

A SUMMARY  OF  CRACK  GROWTH  PREDICTION  TECH 
NIQUEC 

Howard  A Wood  /n  AGARO  Fatigue  life  Piediction  for  Aircraft 
Struct  end  Meter  May  1973  3l  p refs  iFuf  avaiiobiiny 
see  N73  29924  20  32) 


The  use  of  msterial  growth  rat#  data  end  anaiyttcel  retardation 
models  <n  predicting  crack  growth  under  variable  amplitude  loading 
*a  reviewed  Retardation  models  of  current  interest  are  diKussed 
and  compared  An  effective  stress  model  is  described,  including 
the  mathematical  formulation  applicabiiiiy  and  usage  limitations 
Comparison  of  analyses  and  tests  for  typical  spectra  are  shown 
A primary  factor  in  tha  accurate  prediction  of  spectrum  crack 
growth  behavior  ts  the  proper  represer>iation  of  basic  growth 
rate  data  including  consideration  of  R factor  shift  and  pOMible 
limit,  threshold  lev*''  of  stress  intensily  closure  e*^ecis  and 
environment  The  relative  significance  of  eech  of  these  parame 
lers  on  total  cra-.k  growth  life  is  discussed  Author 

N73  29933  Hawker  Siddeley  Aviation  Ltd.  Hatfield  (England) 

THE  R Ae.S  ESOU  CUMULATIVE  DAMAGE  HYPOTH 
ESIS 

JAB  Lambert  in  AGARD  Fatigue  Life  Prediction  (or  Aircraft 
Struct  and  Mater  May  1 7 3 16  p rets  (For  availability 

see  N73  29924  20  32) 

The  limitations  of  a cumulative  damage  hypothesis  (or 
estimating  the  fatigue  life  of  airirames  are  described  The  major 
source  of  error  is  identified  as  being  due  to  neglecting  the 
redistribution  of  stresses  that  occurs  when  a part  yields  at  a 
stress  concentration  A nethod  which  ta)tes  the  localized  yielding 
effects  into  account  is  proposed  The  prcx:edure  involves  estimating 
the  change  in  the  actual  mean  stress  o(  subsequent  stress  cycles 
after  yielding  has  occurred  Author 

N73-29934  Industrieanlagen  Retriebsgesellschaft  mb  H 
Ottobrunn  (West  Germany) 

FATIGUE  LIFE  PREDICTION  A SOMEWHAT  OPTIMISTIC 
VIEW  OF  THE  PROBLEM 

Walter  Schuetz  In  AGARO  Fatigue  Life  Prediction  for  Aircraft 
Struct  end  Mater  May  1973  32  p refs  (For  availability 

see  N73  29924  20-32) 

Lack  of  correlation  bet.veen  the  fatigue  life  preoicted  from 
calculations  and  tests  and  the  service  life  actually  obtained  is 
discussed  This  may  be  due  to  one  cm  several  ol  the  following 
causes  ( • ) incorrect  load  soecira  wvie  assumed  m the  calculations 
and  applied  m th**  tests  including  the  full  scale  lest  (2)  Miners 
Rule  was  used  in  ihe  hie  calculations,  i3)  unexpected  failures 
occurred  starting  from  material  flaws  m non  ledjndant  structure 
built  of  high  strength  materials  »nd  i4)  Ihe  load  sequence  m 
the  tests  including  the  full  scale  test  was  too  much  simplified 
It  IS  suggested  that  major  improvements  m the  accuracy  of  fatigue 
!;fc  ;rrcd;Ct:C.''  should  possible  usinu  rnodem  methods  ano 
mode  n data  These  aie  cornpared  to  hitherto  existing  methods 
fo  life  caiculai'or's  m the  design  stage  fc  component  testing 
and  for  the  lull  scale  fatigue  lest  Aijihor 


N74  15996*  Adv*sorv  Group  lor  Aerospace  Research  and 

Development  Paris  (F»antel 

SECOND  SYMPOSIUM  ON  STRUCTURAL  OPTIMIZATION 
Nov  1973  390  p refs  Struct  and  Mater  Panel  Syrrip  held 

a.  Milan  2 4 Apr  19  7? 
iAGAflDCPl23)  Avail  NTlS  HCS2150 

The  symoosiorn  papeis  are  preserted  with  the  major  emphasis 
placed  on  methods  which  are  already  m pr  are  rapidly  nearmg 
a prarticd'  (^peiatiQnal  status  The  papers  demonstrate  a 
rerneikable  «JivefsiVy  of  practical  oppiications  of  ihi*  various 
approaches  to  structural  op\<mi{ation  Fcr  individual  titles  see 
N74  1Sb97  ihfough  N74  lb6l’ 

N74  1SS97  Brown  Ur..y  Providence  R i 

NECESSARY  AMD  SUFFIL  IE  NT  CONDITIONS  FOR  GLOBAL 
STRUCTURAL  OPTIMAL. TV 

W Pfaqer  AGARO  Second  Svmp  'im  Structural  Optimization 
Nov  19/3  1?  p rtf.  Sjjori>oied  h/  AROO  'For  ava.iahiMv 

se«*  N74  ISS9b  06  32 

A method  is  disi.  -ss»'t  fiy  which  neceesary  and  Sufficient 
conditions  fu'  qlohai  ;,t'nJufal  optimali'y  can  be  derived  for  a 
-wide  variety  ol  riesign  c:n>trainis  The  impor  ance  is  stressed 
of  ronrliiKjns  that  a«e  rioi  only  necessary  but  also  sufhrieni  for 
global  op'imality  T'>  jimsent  the  method  rnirumum  mats  design 
o*  ) truss  v/itii  prescfiLed  elastic  c-jrr.piiance  ‘S  treated  when 


I 


ih«  truss  IS  to  b«  dertv«d  from  a given  basic  layout  and  when 
ih«  layout  >s  left  open  Use  of  the  rrethod  for  other  constraints, 
aiternadva  states  of  loading,  and  structures  of  other  types  i$ 
illustrated  by  e«arnpies  Compuianonai  aspects  of  structural 
optimization  are  discussed  Author 

N74-16S98  Bell  Aerospace  Co  Buffaio.  N Y Structural  Systems 
Dept 

SURVEY  or  THE  STATE  OE  THE  ART  Of  OPTIMIZATION 
TECHNOLOGY  WITHIN  NATO  COUNTRIES 
Ronald  A Gellaily  M AGARD  Second  Symp  on  Structural 
Optimization  Nov  1973  20  0 refs  (for  availability  see 

N74  15596  06  32) 

The  Working  Group  on  Optirr>ization  o'  the  Structures  and 
Materials  Panel  AGARD  as  par'  of  <ts  continuing  activity 
sponsored  a survey  of  the  state  of  the-an  in  strurtura.  optimization 
and  duiomaied  design  technolog,  withm  NATO  countries  Th* 
results  or  meetings  held  wi|h  representaiives  of  Italy  Germar^, 
Holland  Beigiur^  France  and  G'eat  Britain  are  presented  alon^ 
with  submittals  from  Denmark  Norway  Canada  arvd  Portugal 
A brief  survey  of  the  state  of  the  art  m the  United  States  is 
also  included  Author 

N74-t5$99  Air  force  Flight  Dynamics  Lab.  Wnght  Patterson 
AFB  Ohio  Synthesis  Group 

APPLICATION  OF  OPTIMALITY  CRITERIA  APPROACHES 
TO  AUTOMATED  DESIGN  Of  LARGE  PRACTlCAl  STRUC 
TURCS 

V e Venkayya  N S l^hoi  and  L fierke  /n  AGARD  Second 
Cv'r.p  V Gliuwlu-ai  Opi'fnizatiOn  Nnv  1*^/3  19  P refs  'For 

avaiiati'iiiy  see  N74  15596  06  32; 

A unified  approach  for  the  denvai.on  of  opimid'-ty  cfifena 
for  the  design  of  optimum  struciures  ;s  presented  The  dnsrgn 
cond’t'Ons  included  reQuiremenis  of  generalized  stiffness  specified 
displacements  dynamic  stiffness  and  stiffness  for  general  stability 
Recursion  relations  for  achieving  the  optimality  c'.teria  are  derived 
for  all  fhe*,e  cases  Both  smgie  and  multiple  stiffness  requirements 
a«e  considered  The  formulation  considers  isotropic  arisoirop'C 
and  layered  r.omposi’e  structures  Four  categories  of  design 
exarnuies  are  selected  to  illustrate  the  versatility  of  the  method 
The  f-rsi  group  IS  designed  fo'  static  loads  with  constraints  0»' 
stresses  displacements  and  minimum  sizas  The  second  group 
of  examoies  is  designed  for  dynamic  loads  with  periodic  time 
deper»dence  The  third  group  consists  of  layered  co»npo>'te 
structures  siujiecced  to  static  loads  The  foudh  group  is  concemerl 
wifh  sloliC  s;ab'i'ty  rugui'ernents  The  .’esuHS  of  niariv  of  rhp«.*« 
eiarmpies  are  tornpared  wnh  ifiose  avaiia'.?ie  in  the  Meraiu'e 

Auihu' 

N74  15600  Case  vyestem  fleservA  Univ  Cleveland  0h>o 

RECENT  DEVELOPMENTS  IN  THE  CASE  OPTIMIZATION 
PROGRAM 

T'cd  Moses  AGARD  Second  Symp  on  St-uciijral  Qpt'mi/a»*on 
Nuv  1973  S p refs  iFoi  ava'idbiMy  see  N74  15596  06  32- 

Thiee  O[>lirr»i;ali0n  problery’  typCi  ar^d  rpspeclrve  50Iu!m)»‘S 
are  ifler  iilifcd  A ijenalty  funr  iiqm  ai'proai;h  is  use<J  for  dfS'g^’  c! 
eierTieuiv  such  as  weiderl  girders  coiurnns  p esl'essed  co'ir.^ete 
; earns  and  simple  gabled  frarnes  which  have  rtmipiex  dps'o'’ 
cr  de  cc-nst'amis  but  relatively  lev  design  va'rabl0%  The  second 
pi')bierTt  lype  includes  a modified  Zouieniijk  feasible  rfir*M;|iD»' 
in  ?th(,.|  aril,  has  tjeeri  used  for  stru-.lural  systen-,  < <-:/is|'aiol  . 
su.  h as  de'ief-iion  stability  and  Mutter  The  ttiu.d  p -jbiem  tyt^ 
■ ••cKj.-i''  'f's-  r‘.-;e  vd.-iat.'Ics  involving  *i/es  irivenfory  aruj  faPr-.-afiOn 
rusts  arid  <,^ri  often  tie  tianrJIcrl  h/  'lamii.  p/ocj/ainiirKii|  The 
"iljuefcf  of  opi'muiTi  design  n-i  saf^'Sy  and  reiiahihiy  lema.ns  a 
u /i-ea  ui  lesearch  jrifj  mcdeis  pl  rel'afniily  jnatvsis 

n-id  desi'jn  d'e  discusser!  Author 


N74  16601  Live-tiooi  Umv  'Er.gi.,n.|i  of  Civil  fcngi'-ee- 

structural  design  applications  of  geometric 

PROGRAMMING 

A 0 Tem(.lernao  and  S K \A  fiterlXilloiri  / ' aGAMD  5e<-orn,i 
Oflt'C  O''  Otrjrhral  Otilinwzaf'on  Nr.iV  19/3  lb  p riffs  f ,r 

ava-latnMr  see  N/d  ’o596  06  J2i 


The  tachnigue  of  geometric  programming  is  described  for 
(he  solution  of  non  linear  optimization  problems  The  *jrm  m 
wh.ch  the  method  was  first  developed  now  usually  known  as 
prototype  geometric  prograrnming  is  presented  m some  deled 
and  Ih.s  IS  followed  by  a description  ol  more  recent  developments 
which  hawe  cor>siderabty  emended  the  scope  and  usefulness  of 
the  method  It  is  demonstrated  that  many  problems  arising  in 
optimum  structural  design  ntay  be  formulated  in  such  a way  as 
to  be  easily  and  rapidly  solved  u4ing  geometric  programming 
Finally  the  problem  of  clesignirig  minimum  weight  space  trusses 
to  satisfy  stress  aod  deflection  constraints  is  examined  and  it  is 
shown  that  by  using  a further  extended  approximate  foim  of 
geometric  orogramming  optimum  designs  may  be  denved 
itetaitvely  usmg  oryly  a few  cycles  of  jnaiysis  and  iteration 

Author 

N74  1S60Z  Royal  A. rcrah  Establishment  Farn;jorough  I'Engiand' 
Structures  Dept 

THE  OPTIMISATION  OF  STATICALLY  INDETERMINATE 
STRUCTURES  BY  MEANS  OF  APPROXIMATE  GEOMETRIC 
PROGRAMMING 

A J Moms  /nAGARO  Second  S' mp  on  Structural  Optimization 
Nov  1973  17  p reiv  iFo<  ava- dbiMy  see  N74  16596  06  32' 

Aoplicat'Ori  of  approximate  gepmetne  prcgran-ming  m the 
least  weight  des.qi^  of  staticAily  mdcteirr.u.aie  viructures  is 
described  It  is  shown  hov.  the  lacihiy  of  standard  geun^etni 
programming  to  obia.n  bounds  on  a mm-mum  weight  design  is 
preserved  The  advantages  of  coupling  geometric  programming 
with  a modern  pry.  cied  gradier.i  method  arc  also  descnt>ed 
Numeiicai  examples  whirn  nseri  ic  illustrate  ih*,>  me;hcd 
involve  op  to  two  load  corsdit-ons  witr  active  constraints  on 
stresses  and  displacements  Author 

N74  16603'  Middle  East  Tecimicai  U-nv  Anka'd  'Turkey 

APPLICATION  OF  DISCRIMINATE  FUNCTION  TECHNIQUE 
TO  RANDOM  SEARCH 

M O Kiciman  and  M Akguel  AGARD  ScwO'id  Symp  on 
Structural  Optimization  Nov  19  73  10  p *efs  iFor  availability 
sec  N74  16596  06  32* 

Stai'Si:cal  methods  of  discnr’.-.iation  were  used  as  a Jec-siot: 
making  tool  m notiimear  constrained  opiimizaiiun  problems  A 
linear  J'.crimindnt  lvn»c'»on  forni  ii>  pioposed  as  a<t  aid  to  Ihe 
preJimii  designei  It  is  assumed  that  a desigri  prohie-*-  with 
a larg*.  Mber  of  variables  is  ijiven  a/-d  u'^iy  a i apprOxir*iate 

aryswer  tr-ji  Will  aid  the  deci>ion  maker  is  reguifod  The  pussibilitv 
t«;  di«<  usserf  O*  'e;>‘!:sen';;:g  each.  pOi  i‘,  i"  a 'eilu«-ifr! 

design  space  l>r  rt  cans  of  pooling  the  vafijf>ies  Tfie  optm'iza 
lion  iKi^'Cedu'e  baseo  Ofi  a i.oirilJination  ol  cliieci  sea»cr-  flr>-i 
discrirn.iiani  luncl'on  method  was  -ippl'ed  lo  Irmt  ai  test  prubr».,'ni 
and  to  a grid  desigri  prohleoi  Tre  gnd  has  a stil'ness  fJeijen 
der»i  loading  '.u'‘d*tion  with  ' • lunriion  nol  tli'PcMy  depe  ideni 

on  some  of  f'c  lesiqn  variaples  Thiv  i.a'h  U.T  • Mp.xr*  wa^  'iiadi 
...  In  iHusIraip  the  romoletc  rjeneraMy  (yf  *ne  meihud 

Atitho- 

N74  15604  Isi-tuto  f)'  tlanijraziune  dPil  Iriforr.y/ione  P-'i.' 

•Italy) 

INTEGER  PROGRAMMING  ALGORITHMS  FOR  OPTIMUM 
STRUCTURAL  DESIGN 

A'lJo  r.plia  /«  AGARD  Second  Symp  u''  Str-jdir'a'  Ophm'zal'r) 
Nov  19/3  14  p refs  iFo'  ava-lahJi'y  '■f'e  N74  1559b  ('0  3? 

A ia*ge  > ol  slr.ji  turai  des'gr'  irolrir'in-.  consi'.iiop.i 

hy  the  p ai  rirat  neressMy  rjf  seiei.ti'uj  the  dr*sig«.  paran-ete's 

from  an  cnurne'aliln  set  of  disr  -'ete  valu*' • Thr;  resuHinq  soi.ji'or 
space  has  a g*ifl  '*i  »•  pattern  ars.-l  an  r>  . -'erative  ■ fjoitni  aio'ia' 
■;;p'T.T:r  f c A i )i 

hound  al(|oriitim  was  rjr,-ei0pr»  I fo-'  if'*'  nil'rnai  desig--  of  .1 
•arqe  Oass  rif  imea'*  jis; 'i;t'/»’')  ■••'i"  (in-tf 

elpmerils  ar«d  sutiier  t ed  Sl'pss  -t»  fir-i  ' I'j-i  >ifcl  '.tilfr.es^ 
.o/islram's  S**--Si;ivn>  ■ .»nt|  cc'.ls  .ve.f  fif;  v IM' Jl  I 'O ' d''  IhOS.- 
constra-rils  The  algo'Mnrn  ,s  (.‘  tf-f  P : u , r:  i- ' 1 1 1'* • k'l  'l  ‘mv'”! 
decision  '‘iir:'.  Ilia'  .mr  sri»'-  ihr.  Vi  |hr?  ,ol;il-'.M  vI'H'  e dSS-'<  idlP  l 
Will)  Sl'’i‘.l'ifd'  {.riiliJi-m>  Tfie  re'.ii'nng  <iufT.p'i-  al  p-oi  ••  ln'i-  w.is 
applied  i.i  siif  optir-idi  dfsign  of  a n-jintiei  ol  dp  rjsna  n ivp»» 
siru'.ii;res  Sill  )i  as  ifip  )i.iri.i’ieiheari  of  a Id'cjn  vi  .yi«;  lan  .ii'ipt, 

'Ope  a.-*j  :r.t  SijJrimrti.ifj  ,1  telr'S^op'’ 

A'ptru): 


r 


i 
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N74  16«06  Po4i  ’•cn>co  di  Mttano  (Italy) 

8HAFC  optimization  USING  MATHEMATICAL  PRO 
GRAMMINC  ANO  MODF.LLING  tcchnioues 

Edmonfkv  Viiiello  AGARO  Sacoryj  Symp  on  Structural 
Optimi/c.ion  on  Nov  1973  1 1 p «el»  (For  availability  sea 

N74  15596  06  321 

StruUuiai  optirniiation  of  alastic  models  with  dasigr>  variables 
descnbng  their  geometry  is  considered  The  ose  of  maihematical 
P‘'0<irarrimir\g  for  practical  des>gr3  i$  shown  m connection  with  a 
pfogrrrssive  Iquadiatic'  futiny  0>  Ihn  constrcmis  m the  space  of 
design  vanaWas  Imodellmg.  Tte  method  proves  successful  for 
a tew  design  Vfariabies  and  tor  smooth  variations  of  stresses 
and  loads  with  the  design  variables  However  >t  seems  to  make 
feasible  the  use  of  opiimitation  for  practical  dasign  in  some 
lieids  where  earlier  upi*rni;aion  methods  implied  very  heavy 
calculations  Apphcat'cns  to  the  optimum  les-gn  of  gravity  dams 
considering  both  iheif  Static  (finite  eleman;  analysis'  and 
dynamic  iseic.micl  behavior  is  presented  Author 

N 74  15606  Cran  field  Inst  of  Technology  (England)  Con  of 
Aeronautics 

THE  DESIGN  OF  COMPATIBLE  STRUCTURES 

0 M Richards  In  AGARO  Second  Symp  on  Structural 
0piimi2ation  Nov  1973  13  p rels  (For  availabiMw  see 

N'4  ’5596  06  3?) 

A format  for  the  economical  description  of  fompieK  structures 
♦or  design  purposes  iS  introduced  SoH  cieni  conditioris  under 
which  a redundant  configuration  may  be  fu’ly  stressea  are 
torrr^ulaled  Theso  conditions  are  used  to  determine  a wide  range 
of  siMipie  •■•dM.ewo.'ks  w.ih  th;i  Some  chjracte''«v-.> 

or  sequrni?!  redesign  iraiectof'e^  are  described  u»  ;cwf»y  the 
format  Author 

N74-15607  Cornell  Un.v  iihsca  NY  Oepi  o(  Slniclu'ai 
Enginer*ring 

optimization  oe  stiffened  panels 

R H Gallagher  arm  A £ Faiby  In  AGARO  Second  Symp  on 
Structural  ODlimijation  Nov  1973  14  p refs  (For  avaiiabiiiiy 

see  N74  15596  06  32' 

A prograni  -s  described  for  the  structural  opt-mi/Hlmn  of 
lorigitudmally  stiffened  plates  loaded  m compies'.-on  The 
complexly  o(  the  problem  is  reduced  significantly  oy  uiploiimg 
the  understanding  of  the  iniial  Duckhnq  and  pos(bucklm<j  behaviO' 
of  these  panels  m order  to  reduce  *»he  number  of  megud'iiv 
conslramt  conditions  An  interior  penally  function  technique  is 
combined  with  an  unconstrained  optimiyation  algorithm  lo  produce 
an  efficient  opnmiiation  program  Results  generated  by  'he 
program  are  compared  with  relevant  data  from  design  charts 

Author 


N74  1S6D6  Technical  Univ  of  nenmark  !.yr>gby  Oept  of 
Solid  Mechanics 

OPTIMAL  JOINT  POSITIONS  FOR  SPACE  TRUSSES 

Paul'  Pedersen  In  AGARO  S-’coriri  Symp  yn  Structural 
OptiT»'2aiion  Nov  10/3  'Ap  ref  tf or  jvaiiabili' y see  N74  15696 

06  3?i 

A-'  iterative  Diocedufe  is  presented  fo»  determining  the  tomi 
positions  correspondirg  to  a mu  imom  mass  space  uuss 
O isp'acement  consltamts  .m  j nor  cens'ant  sl'uss  ronsifamts 
‘stab'lity*  are  taken  in'o  ar.cnuni  The  truss  is  presvjined  to  carry 
consecutively  a 'a'qe  numt>er  o’  dif-orcnt  sysiemi  of  tou:es  The 
iierat-'yn  mcivides  a sequerce  of  iif'ear  programroing  ufoblems 
(SLP  With  move  'imitsi  and  for  each  of  these  i>rob'fms  orMy 
the  nead>v  constramis  are  considered  Anaivi'ca'  eipressiut**-  -i'«r 
given  lor  the  gradients  descrTung  the  Jmear  purplenris  Author 

N 74  15609  Starifoid  U'uv  Calif  Dept  o*  Aa'oria'ji'cs  and 

A'.l'Oi'aulir.s 

APPLICATION  OF  A GENERAL  METHOD  FOR  FLUFTER 

optimization 

H P Taylor  (AFFDLi  arid  L B ‘'.jwiu  r"  AC'ARD  ffOf.'Jrvj 
S>mu  (in  Si'uctu'8i  Op*if»'ii/ati'i*i  Nov  19/3  14  p refs  'For 

ayaiiatniiiy  sec  N74  '.SC'fh  06  3?- 
t(^ni-acts  F33615  70  L 1282  F3361S  7?  C i?75' 


Oe  .gn  of  modem  ? .n»aft  reqc  es  mat  ieroelasiic  cons'dera 
t«ont  be  included  as  ea  ly  as  possible  lo  avouj  viddiiion  cf  etces^ive 
weight  tor  preventic  < of  aeroelast-.c  msiabiiitirs  A cornputaiional 
approach  for  mio  num  weight  desigrt  of  fkitei  critical  li  hng 
sudaces  IS  pre^-.-nted  which  has  generahiv  m the  selection  of 
analysis  meth'^ds  and  demoristraied  dphlicabuty  to  problems 
■revolving  a Grge  nurnber  of  design  variables  key  feature  o' 
the  method  <s  the  calculation  of  derivatives  of  the  flutter  speed 
with  resr.ect  to  desigrt  parameter!  These  analytic  ally  derived 
derivatives  are  computed  m such  a w»y  'hat  they  are  economical 
for  la  ge  sca'c  problems  The  mathematical  programming  rT^elhod 
whirr  uMires  ihr  e derivatives  »$  based  cu.  the  rnethod  of  feasible 
directions  wiiti  a simple*  aigorithrm  io  solve  a linearised  direction 
finding  p'oblem  Results  aie  presented  which  show  that  the 
meihOvi  ran  ^Wiciently  reduce  the  structural  weight  of  iifimq 
^u-'ace  desigr>»  involving  at  least  99  design  variables  Author 

N74  15610  Bell  Aerospace  Cn  Buffalo  N > Si'uciurai  Syster^s 
Oept 

MINIMUM  WEIGHT  DESIGN  OF  SURFACE  EFFECf^ 
VEHICLES  USING  THE  SIEVE  SEARCH  TECHNIQUE 
James  R Bail  and  Hpciaid  A Geiiatiy  h'  AGARD  Second 

Svmp  on  Structural  Oplim</3:-on  Nov  1973  *4  p re’s  ‘•'Of 
availability  see  N74  '6596  OR  32' 
iConHaft  M»\  4687) 

Past  and  prese.u  methods  fo-'  Ihir  Opti. nidation  of  struclura'. 
systems  lor  minimum  weight  us*i  mathematical  prograrnminq  o- 
nomencai  starr.h  lethr^igues  Thij  procedure  has  lead  to  an 
.I'lracaoie  situation  whereby  large  computer  costs  and  mathemali 
rai  romo'eiif*  arses  Mo'o  eco'-omic^l  ar'd  more  flenble 
p ocedures  f;>;  Mrjclc'al  O’. t-r  -/ ai-on  o’  *d'ge  srain  systen»i  have 
therefore  l»«en  soug’d  A r^r»w  .ipproach.  10  dctcnnme  the  minimum 
weight  of  such  systea*:  n-i',  been  ilevotopud  and  •$  labeled  the 
Sieve  search  techn.riue  ir'  pedormar^rc  of  ODl.mi/atiOn  stuuifs 
uS'oq  !his  ierhnigiji»  iiie  guiOir^g  philosophy  was  to  generate  an 
opumai  at 'anqerTieni  of  p'eoplir'''ged  components  A»^  essennai 
element  of  me  technique  is  u-c*  use  of  data  banks  which  contain 
minm-um  weight  and  aSSOrialed  y»;0rne;rv  of  the  SlroClu'dl 
component:-  These  tianks  are  ger^prateO  using  class. ( al  methods 
Of  opt-mgation  An  ^rtd'tmriai  facet  of  the  techrugue  is  the  use 
of  Simohfied  enomnering  analysis  nie'huOs  du.  ng  the  reoesig' 
pha\e  of  the  opi'ihi/dboii  cvcie  Author 

N74  15611*  National  Aeionautics  an(.  Spase  Administration 
lanqiey  Researuf-  Center  ijnqit'y  Staiio.i  Va 

automated  sizing  of  large  structures  by  mixed 

OPTIMIZATION  METHODS 

Ja'OSlaw  Sob»es/c;artski  ar^tj  OaviJ  Loendorf  (Army  Aif  Mobility 
R and  O Labi  /n  AGA.O  Second  Symp  or'  St'u-  turi,' 
ODtimizaiiOf  Nov  1973  12  p refs  (Fqi  avaiidbi’nv  see 

N74  15596  06  32* 

A procedure  for  automating  the  sifinq  of  Wing  ’u'eijge 
airframes  was  deve'operl  and  implemented  m the  fo'r'  o'  an 
ooerai'Or^ai  ore-  j<air-  The  program  combines  fuiiy  st'esyen  te-ign 
to  dofernnne  an  Overall  material  fjist ribiition  with  rnass  slre'igih 
and  maihemaircai  p'og'ammm.j  mpliiods  to  design  struLturai 
details  accouniinq  ’or  reai'St''.  dr*siqr>  c onstraints  Tr.e  pier  iiraidy 

and  ellitiensv  o*  |tie  pfocerlurp  -s  drrnioi;*-tiatetJ  to 

rf'rcrafi  COn’igoiat«OnS  Th^  rr.f»' bo(b-r'b..jy  iS  St'ff  iCPn.ty  gfine'^l 

• o lie  J!>i)!.rable  lo  other  large  ’fuj  v.ornplo*  '.rviCii.  es  AuH'Or 

N74  ISeiQ  B-ts’  Aif(.-att  C-p  P.es«-.n  E.igiaiO-  M.i.ta-r 
A H.ra*«  0-V 

OPTIMISATION  OF  AIRCRAFT  S T H U C T J T E S W'TH 
MULTIPLE  STIFFNESS  REQUIREMENTS 

5 C 1«-|  t f.-'r-  nr  . sup  fr..  S;.rTYf,  ..I.  31.  - ..,.31 

Opnm  if.<tiOM  Nr»v  19  3 M p -o's  -ivd 

N/4  15S96  Of)  3? 

A qer.e/d!  o|ilirnjlil » 1'  r-  p-r-.nntrrl  'o;  s"-,  bji  » , w’lQSf 

'ii#*nil)»'is  ha still  .f  .>r i‘7i -a'  |./  tl'C  ,tr.J  wtuf  t- 

a't  rlesigricd  h,  g**'ir;i  dU/*;.;  -.nl’' rss  • enis  ’be  d er^rArr 

■ s tise-l  t*»  *1«  ive  art  ir'.jhve  cl  rul  rji  '''  ■ • s".p'l  ir‘- 

dA*.-!!'.  Mudifi*  a'*Oi.-.  'u  ib»-  ’.IS.  nifijren  l■-••dl  .•  p'.i.  na 

.Or-st»-i»ni-.  '.-I.  h as  'it^  eri'l-  J'jes  a*  ' I'P-'jlli  ' 

Sialiiitiy  iegmre.Tt»»nts  To  be  ."I'odt..  Die  Mu-tlio'l  ■ t »'  .ised 

where  SliMrtes*.  »ei  jn- 'emei  it j/e  -li-ff  li,  Sl)Pf  il"..)  I. .-!■). I rj 
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conditions  or  ^^4re  vibration  Irecuancy  or  ao'oalastic  «f1ici€r^c, 
raquir<3rnants  /i6  stipulated  A useful  feature  of  the  math'^ 
whan  used  ir  conjunction  with  automated  design  procedures,  is 
that  the  orcmization  can  operate  with  rea!  structure  va  ia^es 
and  const'diriis  so  that  there  ■$  no  ;ubseQuent  design  operation 
required  to  convert  idealised  structure  dtmens  ans  to  feasible 
detail  sues  Several  examples  a.e  quoted  to  show  that  very 
favorable  results  and  computing  times  are  obtainable  for 
demonstration  problems  The  ability  to  handle  major  structural 
optimitatK>n  IS  also  illustrated  by  applications  to  actual  airframe 
structures  Author 

N74-16613  Grumman  Aerospace  Corp  . Bcthpage.  NY 
Structural  Mechanics  Section 

APPLICATION  OF  A DESIGN  ANALYSIS  SYSTEM  TO  A 
SPACE  SHUTTLE  PRELIMINARY  DESIGN  c31 

W Lansing.  P Mason.  W Dwyer  and  J C Cooper  In  AGARO 
Second  Symp  on  Structural  Ootimization  Nov  1973  14  p 

refs  iFor  availability  see  N74-1SS96  06-32) 

In  a broad  sense  interdisciplinary  design  analysis  systems 
are  optimization  tools  of  which  the  specialized  computer  programs 
which  resize  structures  of  fixed  topology  are  merely  a pari  This 
interrelationship  is  ponraYed  by  describing  briefly  the  Integruted 
Design  Analysis  S>  'em  (IDEAS)  and  showing  tiqw  its  Automated 
Structural  Oplirnij.iiion  Program  tASOPi  is  menrporated  within 
the  basic  system  Application  to  a preiirrunary  design  of  the 
space  shuttle  is  presented  and  ways  m which  ASOP  is  being 
improved  are  O'seussed  Author 


N74  1S614  MeccS'SC^'^'tt  0O?'lmw  Rtnhm  G m t)  H Hamburg 
(>A/est  Germany)  Stress  Oepi 

OPTIMIZATION  AND  DESIGN  OF  THE  REAR  FUSELAGE 
OF  THE  A 300  e AIRCRAFT  STRUCTURE  c02 

0 Schulz  In  AGARO  Second  Symp  on  Structural  Optimization 
Nov  1973  IS  p re's  (for  availability  see  N74-15696  06  *^1 
A method  is  described  for  the  automatrcaliy  con. .oiled 
calculation  of  a skm  stringer  structure  The  method  was 
programmed  and  applied  (or  the  first  time  for  the  development 
of  the  Allbus  A 300  6 The  method  cen  be  considered  as  a 
link  in  a process  cha<n  the  target  of  which  >s  the  overeii 
development  of  ai'crah  structures  it  starts  with  the  calculation 
of  siaiicsllY  indeterminate  forces  and  ends  up  with  the  statical 
strength  analysis  Input  and  output  data  fo'  !he  calculations  of 
statically  indeterminate  forces  are  used  as  input  data  for  structu'* 
I dimensioning  or  strength  afialysiS  program  The  Structure 

dimer.',  oning  program  ite-ativiv  mori  lies  the  originally  defined 
wall  thicknesses  so  inat  the  fr>«"ve  (ai-tors  reqv-*ed  to  preven! 
I failure  under  tensile  compression  and  shear  toads  are  reached 

( or  only  Slightly  exceeded  in  all  critica)  load  cases  Tha  originally 

i defi>'-ed  structural  concept  tstringer  and  frame  spacing  as  well 

j as  stringer  shapes)  u not  changed  m this  case  Final  dimensioning 

13  influenced  by  manufacturing  considerations  On  completion  of 
I the  dirr>ensior:ing  work  the  dimensions  are  laid  down  and  the 

j strerrgth  analysis  is  canted  nut  i''i  ? single  computer  run  The 

I flow  of  the  program  '5  demonstrated  in  the  exampl.*  oJ  the 

i A.fbus  A 300  8 rear  fuselage  Author 


N74-16616  Chantiers  de  I AtlantiguP  Sami  Nazaue  (France) 
THE  DOUBLE  ITERATION  METHOD  IN  STRUCTURAL 
OPTIMIZATION 

Oartiel  H Fmihv'  In  /vGARO  Se..ond  Symp  or.  Structural 
Opt  mizatiorr  Nov  1373  10  u refs  'or  availaoi'i’y  see 

N74  1559(1  06  32) 

'.^OSt  structural  optm'ization  prcce«.ses  require  a large  number 
Ot  iU-at»ons  lu  '.ICP  9 

iiress  analysis  ol  the  current  design  Corisidering  that  a gross 
•t.nalysis  is  compa'ativeiy  ve^y  er,onomica>  »i  i . pcssibie  t > perform 
most  -.eraiior^s  on  a s-mol'(i*C  r.0sh  v.ith  or  ly  otcasional 
'efined  analyses  (v  crj.'e-.t  ir^c  m-smodeimg  eMects  Alfhf>ugh 
the  ovorrill  r^ijmpor  ol  Step*  'defred  to  as  primary  iterations 
necessirv  to  achieve  the  opiimuo'  is  ther.  higher  than  by 
'onventional  procedufcs  of'ly  tl^use  involving  a detailerj  analysts 
or  secondary  iterations  are  significant  tiriiewise  Thai  double 
iteration  scheme  was  emo'oveJ  m rjetefrnimng  the  .Tumm'im 


weight  design,  assumed  to  be  fully  stressed,  of  a tanker  web 
frame  using  ;he  stress  rabo  rrtethod  Satisfactory  convergence 
was  reached  after  2 secondary  iterations  whereas  by  standard 
calculations  8 to  10  would  have  norrrially  been  required  Author 

N74- 16616  Tachnischc  Hochschule  Aachen  (West  Germany) 
lr>si  fuer  Leichtbau 

HOMOLOGOUS  DEFORMATION  OF  STIFFENED  SHELLS 
FOR  RADIO  TELESCOPE  STRUCTURES 
J F Kowalewski  and  H A Ziebadn  In  AGARO  Second  Symp 
on  Structural  Opt  mization  Ncv  1973  13  p refs  (For  availability 
see  N74  15596  06  32) 

In  'xdio  telescopes  all  surface  elements  have  to  reflect 
incoming  radio  waves  to  a defined  focus.  ■ e the  surface  should 
be  an  exact  paraboloid  As  a telescope  has  to  be  tilted  elastic 
deformations  cai'Sed  by  rotating  the  telescope  about  a horizontal 
axis  are  mvitable  But  these  deforr.nations  should  be  homologous 
I e should  change  only  the  position  of  the  focus,  the  foca) 
length  and  the  axis  of  the  paraboloid  The  repoq  deals  with  the 
homology  conditions  lor  the  displacemen.s  and  the  rotations  of 
the  tangents  of  the  surface  :in(1  the  change  of  the  parameters 
ol  the  paraboloid  ft  is  shown  hov.  to  fmd  the  optimum  design 
of  a reflector  shell,  which  Lomplies  with  these  homology 
conditions  Author 

N74-16617  Technisthe  Uruv  Berlin  'West  Germany)  Insl  of 
Aeronautics  ar^d  Aswonaut>cs 

OPTIMIZATION  OF  THE  LAYOUT  OF  TRUSSES  COMBINING 
STRATEGIES  BASED  ON  MiCHEU  S THEOREM  AND  ON 
THE  BtOLOGICAL  PRINCIPLES  OF  EVOLUTION 

A Hoflfler  U Leysscr  and  J Wiedeman  In  AGARO  Second 
Symp  on  Structural  Optimization  Nov  1973  0 p refs  tFor 

availabitity  sea  N74  15596  06  32) 

A method  developed  for  finding  the  upi>n-.jin  idiout  of  plane 
trusses  »s  reviewed  Both  strategies  employed  a-e  described  m 
sodie  detail  giving  spocial  attention  to  the  probler  of  selecting  i 

the  proper  set  of  poiMs  at  the  begifmmg  of  the  optimization 
process  An  exarrple  oi  the  application  of  the  evoiutior  siialegy 
1$  given  Why  I both  st  aiegies  a>e  combined,  having  each  one 
perform  the  unction  m the  optimization  process  it  ‘S  best  suited 
for  then  sp\-c>f*c  disddv:«rMages  can  be  eliminated  Thus  an  initial 
design  is  fo^nd  using  lir*ear  programming  while  the  evolution 
strategy  >s  u^ed  to  find  better  positions  of  the  joints  This 
coritiiiutes  one  cycle  i>f  optimization  More  cycles  will  follow  if 
the  improved  positions  of  the  joints  require  a change  »n  the  set 
of  the  oplim«,m  bars  problem  of  a cantilever  truss  loaded 

at  the  tip  IS  solved  usmg  the  crjnibmed  strategies  The  optimum 
structure  for  !h:s  case  t*e''  1 «nnwn  X romoariso.i  iS  made  sfiov^inq 
the  etfic'ency  of  the  meth  d Author 


N74-19660ir  Advisory  G:  'up  for  Ae'ospace  Research  ar'd 
Development  Pans  ’France) 

ACOUSTIC  FATIGUE  OESl  '.N  DATA.  PART  3 
A O R Thontson  lEny  Sri  lata  Unit  LuJ  ' and  R F lampert 
itng  So  Gala  Ur.iJ  Ltd-  D‘.--  1973  62  p 'efs 

lAGAROoqiaph  162  Pt  3 AG-  RD  AG  ’62  Pt  3‘  A^j.i  ^TlS 
HC  $C  25 

The  design  criteria  to*  airc't  • structural  elements  to  reduce 
the  efforts  of  ^'ousi'c  faiiyu*  I'e  'JiSLuvsed  The  sutijecis 
presented  are  ■ ’ erujurance  ' iita'*'ur^i  ar'd  titanium  aHoy 
Siriictuial  elemfcf.ts  subjerteO  imulated  dcousl'c  ''.“dtjing  i2' 
c'dr^'Piny  acojS!«<;allY  e«'  ited  sir,  itre-  3'  referencr-  Irequerv  > 
of  panel  With  flenblt!  s!  ‘Ic-ners  c estirnanon  of  s"ess  m 

skir.  panels  w‘»h  ile«ible  s'lMer'ers  iiijecierf  H)  anejom  <r  o-.is'k. 
loading 
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Inciu^M  BblBitcvi.  cooling  bBtUog.  Ihbi  ir«ntf«r.  ihBimBi 
bAl«nco.  and  othor  thormol  and  combutton  thaofy 

for  rolatad  information  aaa  also  12  Fluid  Macbamcs. 
add  27  Propailanta 


N71-2S3g8|  Advisory  Group  for  Aarospaca  Rasearch  and 
Davalopment.  r-'ans  (Franca) 

THERMOPHYSICAL  PROPERTIES  OF  SOLID  MATERIALS: 
COOPERATIVE  THERMAL  EXPANSION  MEASUREMENTS 
UP  TO  1000  C PROJECT  SECTION  1A 
E Fitter  Mar  1971  69  p rafi 
(AGaRO-AR-31  711  Avail  NTtS 

Puahrod  dilatometar  maasurarnerria  to  1000  C as  earned 
out  by  employing  samples  having  *.he  same  history  were  evaluated 
both  siatistically  and  with  regard  to  the  nati>re  of  the  errors 
involved  U<ing  high  punty  gold  arid  platmum  as  salecU-d  refarance 
materials,  it  mat  found  ihai  tha  reiativa  pushrod  dilatomater 
maaauramants  mhan  used  in  a grooir  affort  can  yiaiJ  an  accuracy 
equal  that  obtamad  by  individual  absoiuta  maaauramarMt  This 
result  was  confirmed  with  engioeerirrQ  metenela  such  aa  an  ewatenitic 
alloy,  a Ta/10  W alloy,  tmiared  aiumma  and  fina  gram  graphitas 

Author 

N72-^ 2960a  Advisory  Grcup  for  Aerospace  Research  and 
Oavelopment.  Pans  (France)  Propulsion  and  Energetics  Panel 
HEAT  TRANSFER  IN  ROCKET  ENGINES 
H Ziebland  (Explosives  Res  and  Oeveiop  Estab  I ind  R C 
Parkmsori  (flocl»e(  Propuiiion  Estab ) Sep  197'.  160  p refs 
(AGARD  AG  '*^8  71.  AGAROograph  148)  Avail  NTlS 

Basic  heat  ita'isfer  processes  are  considered  simple 
convective  heat  iransfer  from  hof  gases  to  the  engine  walls 
under  various  condinons  radiation  heat  transfer  and  cooiant 
heat  transfer  processes  Me:hods  ol  cooling  used  m liquid 
propellant  rocket  engines.  Such  as  regenerative  film  ablation 
and  radiation  coolmg  are  discussed  The  p'operties  of  materiaiS 
that  must  be  known  by  the  engine  designer  from  the  transport 
nroperiies  of  the  hot  combustion  gases  to  those  of  the  materials 
from  which  the  engine  will  be  constructed  Emphasis  was  placed 
on  presenting  Simple  methods  tor  c.  -cuialMiy  llie  niayCi.tijde  of 
heat  transfer  Author 


N72-18946#  Adviaory  Group  for  Aerospace  Research  and 
Development  Pens  (France) 

HEAT  EXCHANGERS 

Jean  J Gmoux.  ed  Jan  1972  97  p refs 

(AGARO  LS  57)  Avail  NTl$ 

Problems  associated  with  the  design,  lesimg  and  use  of 
heat  exchangers  are  discussed  with  respect  to  compact  heat 
exchangers  used  m turbine  regenerators  and  aerospace  vehicles 
heat  exchangers  in  the  process  and  power  industries  and  heat 
exchangers  with  liquid  metals  For  individual  i ties,  sec  N72  18947 
through  N72  i8349 


I N72- 1 8947.iii  Stanford  Univ  . Cahf 

COMPAC:  HEAT  EXCHANGERS 

I William  M Kays  /n  AGARO  Heat  txchangers  Jan  1972 

j 22  p refs  (See  N72  10946  09  33) 

* Avail  Nils 

The  design  and  application  of  heat  exchangers  employing 
, sur.ace  arrangements  having  th©  characteristics  of  very  large 

» ar^  '.»unt5  of  surface  heal  ira  isfer  area  per  unit  of  volume  are 

j CCM'Sidered  Relouoninips  between  the  friction  povrer  expended 

I and  ihe  heat  transferred  are  explored  and  methods  of  improving 

I the  perforrrance  of  heat  exchanger  surfaces  are  investigated 

f Meat  axci.ange'  .Jes«gn  thaory.  to  the  extent  ihct  it  is  applicable 


to  very  compact  exchangers,  is  reviewed  Data  are  presented  on 
itie  heat  transfer  and  friction  behavior  of  a number  of  very 
compect  Surfaces  Author 


N72-1tift4Bilf  E'lropean  Atomic  Energy  Community,  tspra  (Italy) 
Technology  Oiv 

HEAT  EXCHANGE  AND  HEAT  EXCHANGERS  WITH  LIQUfO 
METALS 

R Ni|smg  y/i  AGARD  Heal  Exchangers  Jan  1972  61  p reft 

(Sea  N72  18946  09  33) 

Avail  NTlS 

Forced  convection,  liquid  metal  Iteat  transfer  is  discussed 
The  phystcal  principles  underlying  single  phase,  liquid  metal  heat 
tranafer  theory  is  outlined  and  the  significant  deveiopmsnts  of 
the  past  decade  are  described  Flow  and  heat  transfer  aspects 
associated  with  uniform  channels  (tubes  par;^llel  plates,  annuli) 
are  considered  first  this  provides  ihe  ground  for  a basic 
dtscussion  of  flow  and  heat  transfer  m rod  bundle  geometries 
ar>d  of  topics  ol  engineering  interest  including  thermal  design  of 
l*quid  metal  cooled  nuclear  fuel  rod  assemblies  and  thermal 
analysts  of  itquid  metal  hast  exchangers  Emphasis  throughout  it 
>n  a baste  approach  in  theoraiicat  considerations  pantci>i8f 
attention  is  paid  to  turbulent  transport  cha  acieristics  m the 
coolartt  and  to  Ihe  methodology  underlying  heat  transfer 
computation  procedures  Author 


N72  18949/^  National  Engineering  Lab  East  Kilbride  (Scotland) 
INDUSTRIAL  HEAT  EXCHANGERS 

f>  Ch«S»>nim  W Drummond  (Babcock  and  Wilcox  Lid  London), 
and  I Murray  /n  AGARO  Heat  Exchangers  Jan  1372  9 p 

reH  (See  N72-18946  09  33) 

Avail  Nils 

Vartous  types  of  heat  exchangers  used  m the  process 
industries  are  considered  SpecJ'caiiy  the  design  of  :he  fc'iowing 
heat  exchangers  are  discussed  sheil  and  tube  heat  exchangers, 
condensers,  evaporators  ard  reboilers.  plate  heat  ex:hanger$  air 
coolers,  cooling  towers,  evaporative  coolers  ano  direct  contact 
heat  exchangers  Author 


N72*24969f  Advisory  Group  for  Aerospace  Research  and 
Development.  Pans  ^France) 

ABLATION 

H HurwiCT.  K M Kratsch.  J E Rogan.  anq  R E lAuSon.  ed 
(NOL  White  Oak  Md ) Mar  1972  55  n tf>i, 

(AGARO  AG  161)  Avail  NTlS  hC  $4  75 

Physico  mxthemaiical  approacl>es  to  analysis  of  ablation 
processes  are  brought  out  rtngmg  from  a simplistic  heat  of 
ablation  voncept  to  the  sophisticated  anaiysi:*  of  laminar  and 
turbulent  How  noneQuihbnum  oblation  m ^hemxaHy  reacting 
flow  Helds,  including  surface  reactions  and  radiative  heat 
transfer  Emphasis  is  given  to  the  synergist  c mechanisms 
occurring  during  ablation  Examples  of  nosetip  interact. on  witn 
the  aero  thermodynamic  environment  at  the  Surface  and  at 
depth  are  given  and  strioi'on  phenomena  on  the  afterbody  are 
discussed  Viateriai  property  and  environmental  effects  on  material 
performance  are  also  reviewed  as  well  as  the  test  sirr'ulation 
requirements  Requirements  foi  funhor  studies  of  mechanicaJ 
erosion  other  synergistic  effects  and  extension  of  facilities  range 
of  performance  ere  also  noted  Author 


N72-24960#  Advisory  Group  for  Aerospace  Research  and 
Development.  Pans  iFrancei 

THERMOPHYSICAL  PROPERTIES  OF  SOLID  MATERIALS 
PROJECT  SECTION  1b  THERMAL  EXPANSION 
MEASUREMENTS  FROM  ItXK)  C TO  2600  C 
E Fit«r  Feb  1972  GO  p ^efs 
(AGARO  AR-38)  Avail  NTlS  HC$5  00 

The  thermal  expansion  behavioi  of  seiecterJ  materials  above 
1000  C was  determined  experimentally  Pure  platinum  sintered 
AI203  aintereo  and  arc  cast  tungsten  Ta.  lOW  alloy  and  three 
Ivpes  of  polycrysialliriq  graphites  tAXM  5Q  HVO  AAQ1)  each 
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from  tho  Mm«  orHjtr^tl  stock,  wiro  usod  at  sampis  maiahais 
Savaral  axoanmanial  lachniquat.  such  at  twir*  microscopic 
maoturtmanit.  push  rod  metKoc't  srHj  X-ray  ttudiat  wars 
appliad-  All  anparimental  resoltt  wt-e  tnaly/ed  for  the  pottibia 
arror  cautot.  and  conclusions  «v«ra  drawn  with  raspect  to  tha 
accuracy  of  axparimar^tat  Jata  obtaniei  by  iha  diffarant  mathoda. 
at  wall  as  for  tha  suitabihty  of  the  tampla  matanalt  for  such 
maaturansants  Author 


N73-20946itl  Advisory  Group  lor  Aarotpace  ftataarch  and 
Oavaloprnani.  Pans  IFranc^i 

HEAT  TRANSFER  MEASUREMENTS  IN  SHOf.T  DURATION 
HYPERSONIC  FACILITIES 

0 L Scholl*  (Oviord  'Jnivl  and  T V.  Jonas  (Oxford  Umv  I tab 

1973  155  p raft  . - •«-,c 

lAGARD-AO-'^**  AGARDograph  165)  Avail  NfIS  ,fC59/5 
Ttw  tochmqijos  lor  making  maasurements  of  heat  (rtnafer 
in  tho  1 duration  and  rapidly  varying  flows  are  reviewed  Methods 
diacutaad  include  gauges  operating  on  che  semi  infinite  principle, 
calo  imaiv  gtuget.  pyroelectric  heat  transfer  gauges,  meature- 
mant  cf  .adiaiva  heal  transfer,  and  optical  rrvethods  The  error 
.n  deduced  heat  i.:n%far  rate  arising  from  a surface  temperature 
ditcontinuitv  due  to  tha  p.ctence  of  an  isolated  heat 
gauge  ra  also  discussed 


N73-269€8fii  Advisory  Group  for  Aarcsusce  Rasasrch  and 
Oaveiopme*'*.  Pans  (Frar>ce) 

THCRMOPHYSICAL  PROPERTIES  OF  SOLIC  MATERIALS. 
PROJECT  SECTION  2 COOPERATIVE  MEAGUREMcNTS 
ON  HEAT  TRANSPORT  PHENOMENA  OF  SOUO  MATER1 
ALS  AT  HIGH  TEMPERATURE 

£ fitier  (K/.rlsruhe  Univ  , West  Carmany)  Mar  1973  113  p 

raft 

(AGARO-R-eoe.  AGARO-6061  Avail  NTlS  MC  $7  75 

Maaturements  of  heat  transfer  . opariiss  of  sdid  matarials 
at  high  temperatures  are  diKussed  The  range  between  1.000  C 
ar>d  3.000  C is  examined  It  is  stated  that  exact  mlormetion  on 
the  tharmophysicel  propemes  of  matenala  and  ori  the  tempera- 
ture dapar^dance  mutt  be  contiderad  as  a precondition  for  tne 
calculation  of  the  behavior  of  structural  elements  during  service, 
especially  with  respect  to  trsn.ient  heatmg  and  cooling  Mathemat- 
ical models  are  provided  to  quantify  the  heat  loss  charecteristica 
Specific  matarials  era  analyzed  to  determine  their  thermodynamic 
properties  Author 
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Inciu^dM  inforiDAtion  of  • bro«d  naturt  ralaiad  to  tndutt'tal 
applictttons  and  tachnology.  and  to  baitc  raMtrch.  dafante 
aipactt.  information  ratneval.  manapamant.  law  and 
rafatad  lagal  matiari.  ar>d  lagitlativa  haanngi  and  docu* 
mantt 

N71-23S01A  Advisory  Group  for  Aarospace  Rdsaarch  and 
Development  Pans  iFrancei 

scientific  and  technical  INFORMATION:  WHV, 

WHICH.  WHERE,  AND  HOW  ? Lactura  Sariaa 
Feb  197  1 65  p refs  Ccnf  Presented  m Oslo  2 3 Nov  1970. 
sponso>ed  by  Tech  Inform  Panel  ar‘>d  the  Consultant  and 
Exchange  Programme  of  AQARO  Also  Presented  m Rome  5 6 
Nov  1970 

'AGAR0-LS44)  Aviil  NTlS 
CONTENTS 

1 INTRODUCTORY  PAPER  H A Sk.ir  (Natl  Aerospace 
Lab.  AmMerdar.'  Netherlands)  3 p reis  'See  N7 1-23502 
12  34i 

2 WHAT  CAN  INFORMATION  DO  ?OFt  YOU?  A M 
'•onside  lOefence  Sd  inform  Serv  Onawa.  Ontario)  7 p refa 

■ See  N7  : -23503  1 2-34' 

3 USER  NEEDS  J F otearns  (NASA  Washington 
0 C I C 0 iSee  N7l  23504  12  34> 

4 SOURCES  OF  SCIENTIFIC  AND  TECHNOLOGICAL 
'NMJhMA  TiOiN  H A SiOiR  iNd(i  Aerospaue  Lau  . Am>lc  d«iV. 
Neth  1 3 p refs  '.See  N7  1 23505  12-34) 

5 SELECTIVE  DISSEMINATION  OF  INFORMATION 
A SYSTEM  REVIEW  S C Schuler  iMm  of  lechnol.  Orpington 
Engl  ( 22  p refs  (SetN7l  23506  i2-05> 

6 CONCEPT.  MISSION  AND  OPERATION  OF  SCIENTIFIC 
AND  TECHNICAL  INFORMATION  ANALYSIS  CENTERS  G S 
Simpson  Jr  and  J W MurJock  ibattelie  Mem  Inst  Columbus 
Ohio-'  14  p 'See  N71-23507  12-34) 

N71-23502e  National  Aerospace  Lab  Amsteidam  iN'etheMandsi 

INTRODUCTORY  PAPER 

H A Stolk  ir  AGARD  Sc  and  Tech  Infc  n Feb  1971  3 p 

refs  iSee  N71-23501  12-34, 

Avail  NTIS 

info’ mali'jf I >V>teni»  dno  Ine.t  fni,i0,i6s  ate  briefly  diSCuSSed 
along  v»Mh  subjects  to  be  'u»ered  m the  current  -ecture  series  in  tnis 
series  the  product  cons-dered  v^as  the  technological  information 
that  e*i?ts  in  the  form  of  prmjed  words  graphs  tables,  pictures 
specifications  etc  and  means  by  which  this  information  can  be 
transferred  Also  discussed  m the  introductory  soeecn  tr-.e  iransie» 
of  technology  and  its  management  A [_ 

N71-23603*  D efence  Scentific  I ■‘foi rtiation  Service  Ouawr* 

lOntafiO) 

WHAT  CAN  information  DO  FOR  YOU  7 

Alice  M lionside  in  AGARD  Sci  and  Tech  inform  Feb  '97  1 
7 p re's  iSeeN7  1 23501  1 2 34? 

Avail  NTiS 

A philosophical  non  technicj'  approach  is  used  to  demonst.-atr* 
that  information  is  both  an  inherent  pa't  of  life  and  a pan  of  t»i«- 
fabric  ol  living  and  that  information  is  bemg  presented  to  I'le 

■ nij.vid'ial  rnr'finiioii«;lY  rhfOiighoiit  hiS  l?fe  bv  h,s  Own  $Qr>ses 

Other  people  and  b/  ihe  variO'js  media  of  communicat  or  Also 
that  this  information  may  be  unheeded  o>  heeded  sio»ed  ir» 
his  memoff  or  rna-,-  be  Stored  m-  suilable  fo<ms  bv  .nechai’i.': a' 
electronic  and  o'fier  nieans  Once  stored  ij  may  be  later  fr'r-'  .err 
and  applied  to  any  Oppropnate  purpose  Inlorr-ation  'ii  i-icr»fa''---:-_|  , 
being  reccgr^ized  as  a pnme  resource  and  itio  oi :.,l>ifns  of 
rnainiaining  ihe  St'j-'e  of  this  res-oufce  and  of  its  t*t.’lo't  jt'oi 
being  recognised  and  solutions  sought  A-itf.o* 


N71  23604**  National  Aeronautics  and  Space  Administration 
Washington  D C 
USER  NEEDS 

John  F Stearns  in  AGARD  Sci  and  Teen  inform  Feb  197  1 

6 p (See  n:»1  23501  i2-34) 

(NASA-TM  X-67142)  Avan  NTlS  CSCL05B 

The  question  of  user  needs  is  examined  from  three  viewpoints 
what  has  been  and  is  bemg  done  to  determine  actual  user  needs 
the  kinds  of  services  now  evolving  to  satisfy  these  needs  and 
possible  further  steps  to  irr.pfove  both  definition  and  satisfaction  of 
these  needs  Aiient>on  is  given  to  general  aieas  of  bibliographic 
services  and  tc  specific  opportunities  u.neren:  m tfiese  services  for 
•he  appl«c<*lion  of  techniques  and  procedures  (hat  may  provide 
potential  users  with  easier  access  to  a wider  range  of  informational 
alternatives  Author 

N71-23505*  National  Aerospace  Lab  Amsic'dair.  • Neine'iands: 

SOURCES  OF  SCIENTIFIC  AND  TECHNOLOGICAL 
INFORMATION 

H A Stolk  In  AGARD  Sc  and  Te:h  Inform  Feb  1971  13  p 

rats  <Sec  N7  1 23501  1 2-34p 
Avail  NTlS 

Attention  is  paid  lo  tne  infomaiior-  envunmer.i  the 
information  explosion  and  the  user  and  h!*;.  behaviOr  Informal 
channels  ano  forma'  se'vices  fo'  obtaining  mfor-nation  are  d'seussr-d 
A short  description  i$  also  g:ven  ol  me  o'Ot-'ems  ti  l^•(c''^.atlOn 
retriovdl  Author 

N71  22506‘  M—  * . ''  '.In:-.  '''‘rnmninr  I'fnrilanrl' 

Reports  GOrilr.j  to»  SceiM*  jn:i  li'-.lm'jl<K.}> 

SELECTIVE  DISSEMINATION  OF  INFORMATION  A 
SYSTEM  REVIEW 

S C Schuler  AGARD  S'.i  en'i  lt.-c;:i  inforn-.  Feb  197' 
22  p rt-K  -Soe  N;  1 73501  12  34- 
Ccpyriqht  Avail  NTlS 

SeleCbviiy  'S  an  osse-Uial  f.T.  tOf  m tl-e  transfe'  of  ir'lofmalion 
i.nd  tr^e  S»'le‘:tivo  Ois  - e:i'inji''>«»  of  Ir  for -nation  - SOI ; is  a lecf'niUue 
for  |)rf)-,-idi':g  •;  Oiv  ;J-,iul  t e'.-.s  -c  <jiuu:>  o'  i witli  aii'’Oiin':uf,'.eht«. 

of  a 'I'MtecJ  • :iii»lier  o'  .Ic'cio  o'i-.t^  s;;r--.'hcaliv  d in:»-»fesl  to  them 
For  lar.-,«*  v,v.len»s  • oh:'*  Ji;>r'.  of  '‘.‘le.ai  ! cjocui.ienls  I-.  ar'f'ieved  hy 
J corr-t  oior  pio<ram  •wl.ic’i  -wu  nourCv  a (ik  nl  l>ibliogiai)h'C  daia 
t>:-i  c-ir»ei‘l  jou  n.i!'.  d--|if:ies  e»..  vMli-  the  interebi  profile 

o'  itu?  SOI  O’,*?'  Tjuf  terl  fefc.eur.us  can  f;e  urrjV’deJ  l-o  h'e 
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N71-23607®  Baite're  -Merro  .a'  no.j^  Dh.o 

CONCEPT,  MISSION.  AND  OPERAT'O^j  qF  SCIENTIFIC 
AND  TECHNICAL  INFORMATION  ANALYSIS  CENTERS 
G S Simp50-i  Jf  and  J \V  \'urd>-K  ' Sc.  a vl  Tt'r? 

i.nform  Feb  1971  14  p •S'ieN?*'  235:-'-  •2-34 
Avail  NTis 

Information  Analysis  Centers  -lAks-  ao:  i 
parts  concept  rnsr.ion  and  upe*ei’0n  'he'e  j<»  3"civ  .1 

existing  scientific  ar'd  tecnnical  infp;:na!-..  yi  '.  - \d",  J 

me  •-on-,erit;or.ai  iib'O'.  ih-ci;jh  sLe:  ")  iic.-j-.ts  j-  j -ip  r*  «.•  i 
Uerois  t-D  lACs  the  p;eser-ldhOn  rOf'Si  K*rs  v.tM*.  a-’  'AC  ? <|.V  •! 
relates  to  other  mlofnation  se’vices  a d ms  fi.'-ria  :i*;:na,  yo  ir.epi 
7he  ojission  of  a-i  lAC  'S  considered  m fie  ii-)h!  o'  ms  os*?.'s  of 
peer  group  how  unpublished  'nformaiion  IS  Obtained  cine;  used  an'. 
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How  feedback  Heip$  tHe  lAC  achieve  its  mission  Two 
non-government  supported  iAC  are  described  along  with  one 
government  center  Also  considered  are  operational  aspects 
ladministratiori  and  management!  of  an  IAC  Based  on  close  contact 
with  Over  a d02en  operating  IAC  s actual  experiences  pertaining 
to  the  recruitment  and  utilization  of  competent  research  scientists 
and  engmee'S  in  .nformation  jriaiy^'^  work  advantages  of  working 
in  an  IAC  environment,  key  problems  m day-to  day  operation,  and 
(he  ever  present  problem  of  money  are  discussed  Author 


N71‘363ft2|  AchriaorY  Group  for  Aaroapace  Reaaarch  ar>d 

CHvfk>pmant.  Pans  (Franca)  Structuraa  and  Matanala  Panel 

DIMECTOnv  OP  ORGANIZATIONS.  INVESTIGATORS. 

AND  PROGRAMS  IN  HIGH  TEMPERATURE  CORROSION 

RESEARCH 

Aug  )971  26  p 

(AGARO-ft-586-71)  Avail  NTlS 

OrganUaliona  ara  listad  togathar  with  mvastigatora  arx] 
apaciSc  raaaarch  araaa  in  tha  fiaid  of  high  tamperatura  corroaion 
The  liKt  includaa  1 78  organizationa  from  alavan  NATO  countnaa 
and  Spain.  A caiagory  irxlax  indKiaiaa  the  a^aa  m which  (ha 
varoua  organiiations  ara  corxSuctmg  raaaarch  Two  treat 
racaivir>g  tha  moat  anantion  are  matanal  bahavior  undar 
ccrroa*on  ar>d  raaction  kmatice  ar>d  diffut*on  procaaeat  Author 

N73-15d66*  Advisory  Qroup  for  Aerospace  Research  and 
Oaveiopment,  Paris  (France) 

THE  VON  KARMAN  LECTURE  LESSONS  UARNEO  AND 
FUTURE  OiRECTtONS  IN  THE  MANAGEMENT  OF 
TECHNICAL  PROGRAMS 

Robed  C Searrons  Sep  19?2  36  p Lecture  held  at  Brussels. 
28  Sap  19?: 

Avail  NTIS  HC$4  00 

Advances  <n  technology  managentoni.  (earned  ai  NASA  and 
000.  are  briefly  reviewed  The  NASA  program^  m>.olved  leodoacL 
from  the  customer,  accurate  assessment  and  cor.t'o'  using  detaned 
schedules  of  tasks  and  costs  and  a three  way  baiar^ce  bet’  <en 
performance,  schedule  and  The  defense  management  auJed 
the  condition  (hat  new  system^  mrst  also  be  produced  and 
operated  m large  numbers  lf(ustrat<,'^ns  are  givon  ma;<ir 

new  weapon,,  aircraft  systems  Competitive  prototyping  and  future 
directions  m military  programs  are  described  along  w th  the 
application  of  aerospace  technology  to  civil  needs  It  is  concluded 
(hat  NATO  countries  rnusi  icx)k  for  better  ways  to  provide  effective 
defense  forces  and  meet  growing  ovil  reeds  improved  technology 
management  is  ot  critical  importance  and  proptotype  programs 
must  be  carefull\'  selected  with  a minimum  of  duplication  Papers 
on  the  challenge  (ac  ng  NATO  the  future  of  defense  cooperation 
among  NATO  nations  and  technical  cooperation  among  NATO 
nations  are  appended  N E N 


N73-19969^  Advisory  Group  fo'  Aerospace  Research  and 
Development.  Paris  (France) 

AIR  TO  GROUND  TARGET  ACQUISITION 

Nov  1972  170  p refs  Presented  at  AGARO  Aerospace  Med 

Panel  Specialist  Meeting.  Brussels.  Belgium.  31  May  - 1 Jun 

1972 

(AGARO  CP  100‘  Avail  NTlS  HC$10  50 

The  fifteen  papers  and  ensuing  discussions  presented  at  (he 
AGARO  Aerospace  Medical  Panel  Specialist  Meeting  on  Air  to 
Ground  Target  Acquisition  held  in  Brussels  Belgium  on  the 
31st  May  anrf  1st  June  1972  are  reported  The  papers  cover 
theoretical  and  practical  aspects  of  visual  search  ar>d  detection 
including  the  effects  of  complex  backgrounds,  illumination  and 
uofiiidai.  <ii.J  'icatiCr*  of  mathematical  modeling  techniques 

to  the  solution  of  t acquisition  problems  For  individual  trtlei. 
see  N73-19960  through  N73-19974 

N73-19980  North  American  Rockwell  Corp  Aneheim  Calif 
THE  LIKEUHOOO  OF  LOOKING  AT  A TARGET 
Charfee  P Greening  M AGARO  Air  to  Ground  Trrget  Acqu«til»on 
Nov  1972  6 p (For  availability  see  N73-I99b9  10  34) 


Visual  search  behavior  is  characterized  by  brief  glimpses  of 
the  terrain,  separated  by  rapid  eye  movemer^ta.  or  seccedes 
The  likelihood  of  loolung  at  a target  with  any  particular  glimpse 
It.  in  most  models  of  search  behavior,  assumed  to  result  from 
either  random  motion  or  a mechanically  systematic  search 
pattern  In  the  prasent  study,  it  is  assumed  that  tha  observer 
uses  eKiia  fovaal  vision  to  evaluate  the  terrain  before  each  saccaoe 
to  maxirnize  the  likelihood  of  looking  at  the  target  Quantitative 
data  on  extra  foveal  search,  obrsined  m a different  context  by 
Willisms,  show  that  such  behavior  is  lawful  arwl  predirtxM* 
The  results  are  here  applied  to  dynamic  air-to-ground 
yielding  target  acquisition  predictions  which  compare  favorablY 
with  those  obtained  by  other  methods  Author 

N73-19981  British  Aircraft  Corp  (Operating)  Ltd.  Bristol 
(Englarv))  Gutded  Weapons  D<v 

MODELING  OF  RANDOM  HUMAN  VISUAL  SEARCH 
performance  based  on  the  physical  PROPERTIES 
OF  THE  EYE 

lan  Ovarington  /n  AGARO  Air  to  Ground  Target  Acquisition 
Nov  1972  12  p refs  (For  availability  see  N73-19959  10  34) 

The  physical  properties  of  the  eye  lens  and  retma  together 
with  the  involuntary  ev « movements  (tremor  and  drift)  are 
considered  ss  the  basic  *actors  defmmg  smgls  glimpse  detection 
probability  Introduction  oi  tha  concept  of  convolution  of  object 
profiles  with  tha  spread  fi-nction  c*  the  eye  tens  which  allows 
extension  of  such  single  glimpse  predictions  to  unsharp  objects 
IS  discussed  along  with  the  effects  of  atmospheric  attenuation 
and  range  dependency  of  subtended  size  Using  this  comprehen- 
sive formula  for  single  glimpse  probability  as  an  input  a cumulative 
search  probability  model  is  developed  for  randorn  search  which 
takes  account  of  search  field  of  view,  visual  lobe  effects  and 
the  trens>tiun  frum  single  gliiiipSe  lu  ntuUipId  gSimpse  Siluelion 
at  any  part  of  the  field  of  view  Author 

N73'  9992  British  Aircraft  Corp  (Operating)  Ltd.  Bristol 
(England)  Guided  Weapons  Div 

THE  K FACTOR  IN  AIR  TO  GROUND  ACQUISITION 
MODELLING 

D G Sitvenhoin  /n  AGARD  Air  to  Ground  Target  Acouisilion 
Nov  1972  14  p lefs  (For  a>  ailability  see  N73- 19939  10-34) 

This  paper  illustietes  that  correspondence  obiainod  between 
the  ^apec  of  tns  probability  range  curves  is  good  both  for  field 
s;  Simulated  field  detection  uaia.  but  that  actual  performance 
levels  ere  much  lowe'  than  predicted  A degradation  factor  (the 
K fpctcr)  has  been  introduced  to  cover  this  discrepancy  and  a 
Similar  fudge  factor  has  been  invoked  to  cover  differences  between 
simuUited  and  direct  field  trial  data  The  paper  examines  the 
factors  on  which  K is  dependent  and  describes  relevant 
•xperirr>ents  and  the  associated  attempts  at  modelling  them  It 
•s  et  once  a progress  statement  and  an  indication  of  the  necessary 
further  studiec  Author 

N73-19983  Nottingham  Univ  (England)  Oupt  of  Psychology 
CALCULATION  AND  SIMULATION  OF  THE  EFFECTS  OF 
TWO  COMPLEX  5EAR:.H  SITUATIONS 
C I Howarth.  J R Bkcmfield  and  M E Dewey  /n  AGARO 
Air  to  Ground  Target  -Vcquisition  Nov  1972  12  p refs  (For 

avsileb'hly  see  N73-l*^/959  10-34) 

Two  attempts  ware  made  to  elucidate  complex  search 
situations  In  the  first,  usmg  Howarth  and  Bloomfield's  theoretical 
work  as  a bant,  caljutations  were  rnade  of  the  cumulative  search 
time  data  likely  to  occur  when  a target  that  was  an  extreme 
example  of  a distribution  of  objects  was  presented  among  a 
sample  of  theta  ob)ects  Ttie  calculations  covered  variations  m 
<1)the  target  - nontarget  cut  off  point  (2)  the  size  of  the  visual 
lobe  area  associated  with  the  target,  and  (31  the  response  time 
that  was  necessary  after  a target  was  locateo  The  secoryj.  a 
Simulation  study  making  us#  of  the  Monte  Carlo  method,  treated 
a Situation  m which  a number  of  targets  were  presanted  emor>g 
many  nontarget  objects  A single  target,  which  had  a small  visual 
lobe  area  associated  with  it  was  presen.cd  with  a variable  number 
of  targets  with  large  visual  lobe  areas  The  size  of  the  visual 
lobe  areas  associated  with  the  two  k.nds  of  target  was  varied, 
as  were  the  number  of  the  large  lobe  area  targets  end  the 
(•ngth  ol  ihi»  r»5pon»«  times  necessery  after  a target  had  been 
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located  Th«  liksly  eHtct  of  thtM  v«riai»oo$  on  th«  time  naodtd 
to  locate  <f>e  tingle  target  is  reported  In  general,  more  time  wee 
neecled  the  amaller  the  lobe  area  of  the  tmgle  target  it  reporter^ 
In  general.  fr>ore  time  was  r>eeded  the  smaller  the  lobe  area  of 
the  tingle  target,  the  greater  the  lobe  area  of  the  large  lobe 
targets,  the  greater  the  number  of  the  latter  present,  and  the 
longer  the  respor>se  times  The  cumulative  curves  obtairved 
cheoged  m shape  as  the  four  variables  altered  m these  directions 
TTie  change  m shape  is  likely  to  be  fourvd  with  human  ob- 
servers who  adopt  the  most  suitable  strategy  for  locating  the 
small  lobe  area  target  Author 


N73-19S64  British  Aircraft  Corp  (Operating)  Ltd.  Bristol 
(Englerid  Guided  Weapons  Oiv 

THE  effect  of  COMPLEX  BACKGROUNDS  ON  ACQUI8I 
TION  PERFORMANCE 

M e Brown  In  AGARO  Air  to  Ground  Target  AcquiSrtion 
Nov  1972  6 p refs  (For  availability  see  N73-19959  10-341 

^ relationship  between  the  subjective  effect  of  structured 
target  backgrounds  on  acquisition  performance  aryj  physical 
attributes  of  the  scene  luminance  structure  was  investigated  both 
theoretically  and  eKperimenially  The  theoretical  attempts  are 
described  to  classify  various  aspects  of  cornplexity.  ar>d  an 
experiment  was  earned  out  using  synthetic  target  material  The 
results  showed  that  certam  targets  are  rnore  easily  recogmaed 
than  others  for  all  the  complex  backgrounds  used  and  also 
■radicated  that  recognition  may  he  regarded  as  the  detection  of 
detail  A large  variability  between  subjects  was  observed  Part 
of  this  variation  can  be  attributed  to  eyesight  differences  and  to 
AvrMtrienrA  Author 


N73-19966  Nottingham  Univ  (England)  Dept  of  Psychology 

peripheral  acuity  with  complex  stimuli  AT  TWO 
VIEWING  DISTANCES 

J R Bloomfield  In  AGARO  Air  to  Ground  larget  Acquisition 
Nov  1972  10  p refs  (For  availability  see  N73  19959  10-34) 

Visual  acuity  is  defined  n terms  of  the  minimurri  resolvable 
Visual  angle  or  its  reciprocal  This  assumes,  implicitly,  that  acuity 
IS  independent  of  viewing  distance  in  the  current  study,  this 
assumption  was  tested  for  peripheral  acuity  using  two  viewing 
distances  A corripiex  visual  display  was  used  for  the  acuity 
task  The  display  contained  a regular  1 7 by  10  arrangement  of 
discs  The  display  was  exposed  for  0 25  seconds  with  the  observer 
fixating  a particu>ar  point  m it  Measurements  were  made  of 
the  threshold  distance  from  the  fixation  pomt  at  which  a single, 
smaller  target  disc  could  be  detected  ThL  data,  obtained  from 
eight  observers,  supporled  the  assurr.pt>cr.  that  poriphcra!  acuity 
IS  independent  of  viewing  distance,  the  threshold  distance 
remaining  unchanged  for  four  sizes  of  target  m spite  of  the 
large  change  m viewing  distance  This  implies  that  performance 
in  air  to-grourid  target  acquisition  should  not  be  dire'^tly 
affected  by  variations  in  viewing  distance  Author 


N73  19966  Deutsche  Forschungs  ur>d  Versuchsansiall  fuer  Luft 
und  Raumfahri  OberpfaHer'hofen  (West  Germany) 

A MODEL  FOR  THE  INHERENT  CONTRAST  CONDITIONS 
IN  FULL  FORM  OBJECTS 

Max  R Nagel  In  AGARD  Air  to  Ground  Target  Acquisition 
Nov  1972  21  p refs  (For  availability  see  N73- 19959  10  34) 

The  concept  was  developed  of  a simple  model  that  is 
representative  of  the  luminance  and  contrast  conditions  on 
full-form  objects  A reasonably  realistic  approach  -s  a sphere 
that  IS  exposed  to  the  irradiation  from  the  entire  sky.  the  sun. 
and  the  ground,  taking  into  account  the  cor>s>derable  variation 
of  the  luminance  m the  $ky  based  pr:rnarily  uo  iimasuremeMts 
of  the  sky  lummarice  m the  Pikes  Peak  region  yl  Colorado 
U SA.  calculations  were  made  of  the  inherent  contrast  m such 
a rnodel  when  >t  i$  viewed  from  any  direction  with  fields  of 
view  of  various  szes  Other  calculations  were  concerned  with 
the  model  object  s contour  contrast  against  its  background  and 
with  Its  color  Representative  results  of  these  calculations  are 
shown  and  discussed  Author 


N73- 19967  Scripps  Institution  of  Oceanography.  San  Oiego.  | 

Calif  Visibility  Lab  ! 

Alft-TO  GROUND  VISIBILITY  OF  LfGHTS  AT  LOW  BACK  t 

GROUND  LEVELS 

Johrt  H Taylor  In  AGARO  Air  to  Ground  Target  Acquisition  ' 

Nov  1972  8 p refs  (For  availability  see  N73- 19959  10  34) 

After  sunset  and  before  sunrise  the  visual  task  of  the  airborne 
observer  becomes  redtcally  'different  from  that  which  he  must 
perform  during  the  dayligh<  nours  The  range  at  which  targets 
will  be  seen  depends  upon  the  physical  properties  of  the 
ource.  Such  as  its  mierisiiy  and  color,  the  length  of  time  for 
which  It  IS  exposed  to  view,  the  transmissivity  of  the  atmospheric 
path  of  Sight,  and  the  visual  performance  capabilities  of  the 
observer  This  paper  describes  some  nrw  data  which  apply  to 
this  problem,  and  suggests  that  the  relat  onship  betweeri  visibility 
arxj  flash  duration  may  be  somewhat  more  complex  than  has 
usually  been  assumed  The  results  have  application  to  both 
aggressive  and  defensive  needs,  and  are  of  interest  to  the  signalling 
community  in  general  Author 

N73-19968  Air  Force  Systems  Commaryd.  Wrighi-Patierson  AFB 
Ohio  Flight  Environments  Branch 

AIR  TO  ground  TARGET  ACQUISITION  WITH  FLARE 
’LLUMINATION 

Robert  L Hilgendorf  IN  AGARO  Air  to  Ground  Target  Acquisition 
Nov  1972  1 1 p refs  (For  availability  see  N73  19959  10  34) 

This  paper  is  concerned  with  the  results  from  three  recent 
experiments  Experiment  1 dealt  with  the  effect  of  shielding  a 
25.000 OOO-lumon  flare  scuce  and  determining  the  optimal 
number  of  flares  to  be  used  for  a gr'on  to>rget  area  No  statisticsuy 
Significant  effect  was  found  due  to  Hare  shielding  For  the  given 
target  area  simulated,  it  appeared  that  there  was  no  additional 
benefit  derived  f.-pm  .gn.tmg  more  than  two  flakes  • iver  a S’mulated 
area  of  about  l 5 kilometers  by  5 kilometers  Experiment  2 dealt 
with  shielding  of  a 60  000.000  lumen  source  and  again.  »io 
stetisticaily  significant  effect  was  found  due  to  the  flare  shielding 
Experiment  3 dealt  with  the  visual  acuity  under  simulated  flare 
light  in  this  experiment  each  of  eiglyt  groups  of  five  subjects 
performed  simulated  observer  altitude  rungmg  n 152  mele> 
increments  from  152  to  1.219  meters  Foi  t slarii  ranges 
Simulated  (l  029  to  1,587  meiers>.  610  meters  was  the  best 
altitude  for  visual  performance  Like  the  olher  findings,  this  could 
have  Significant  impact  r • tactical  planning  (Oi  nighi  missions 
The  parameters  of  this  .iiudy  have  now  been  blown  up  to 
real-world  Size  and  the  Aerospvce  Medical  Research  Laboratory 
in  conpunction  with  the  Air  Force  Armament  LabO'atory.  is 
conductii'Q  flight  tests  to  validate  the  altitude  data  ol  the 
experimental  simulations  Author 


N73-19969  Army  Ae'or'edical  Research  Lab  Fort  Rucker.  Ala 
AIR  TO  GROUND  TARGET  ACQUISITION 
Robed  W Bailey  in  AGARO  Air  to  Ground  Target  Acquisition 
Nov  1972  5 p refs  (For  availability  see  N73  13959  10-34) 

Biomedical  problems  with  the  helmet  mounted  sight  and 
visual  target  acquisitic  system  are  discussed  m terms  ol  sighting 
errors  m the  labofaiory  and  m fhghj  for  still  and  moving  targets 
The  effects  of  this  type  optica'  device  on  depth  and  spatial 
perception  are  piesenied  along  with  suggested  bioengineering 
techniques  for  improving  the  svsttm  F OS 


N73-19970  Army  Electronics  Command  Fori  Monrr.outh.  N J 
Avionics  Lab 

A DE3IGN  CONCEPT  FOR  A DUAL  HELICOPTER  NIGHT 
SCOUT  SYSTEM 

William  J Kenneally  !n  AGARD  Air  to  Ground  Target  Acquisition 
Nov  1977  1 1 o refs  (For  availability  see  N73- 19959  10  34) 

Limited  but  promising  operational  expenerx;e  with  helicopter 
borne  night  vision  systems  Iboth  low  light  le^e'  TV  and  forward 
looking  infrrredi  has  spurred  an  interest  m the  appl-cation  of 
night  vision  technology  to  second  generation  a'rbc'me  systems 
The  limiie-d  quantitative  performance  data  on  iriese  first  generation 
Systems,  coupled  with  the  significant  advances  m mghi  vision 
tecfinology  made  durmo  the  intervcmrig  period,  place  severo 
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rmirictions  on  th«  systom  designer  auamptiog  to  maka  logical 
tyaiam  tradootH  Tha  acopa  of  tha  papai  is  to  examine  venous 
relevant  data  on  tl>a  subiact  and  to  develop  a design  concept 
for  such  a second  generation  scout  system.  Author 


N73-1M71  Aeronoulical  Systems  Oiv . Wnght  Patterson  AFB. 

REALISTIC  CONSIOC'.ATIONS  OF  TARGET  ACOUISITION 
ON  LINES  OF  COAIMUNICATIONS 

Roy  K.  Frick.  Oiane  E.  Summers,  and  Thomas  E Tyson  tn 
AGARO  Air  to  Ground  Target  Acquisition  Nov  1972  10  p 

refs  (For  availabilitY  see  N73-19959  10-34) 

An  epprcach  is  presented  to  determining  the  probability  of 
acquiring  targeta  by  a search  aircraft  which  flies  along  an  er>emY 
line  of  communication  (LOO  A line  of  commur'icalion  is  defined 
as  a rou*e.  eg.  a road,  waterway  or  railroad,  and  the  targets 
of  interest  are  trucks,  boats,  or  other  appropriate  earners  The 
ar^lysis  aoproach  consists  of  three  areas  of  investigation  (1) 
analyzing  the  contour  (twists  and  turnsi  of  a route  for  purposes 
of  esiablishi.'ig  a preferred  flight  path  plus  determining  the 
frequency  distributions  of  LOC  aspects  relative  to  this  flight 
path.  (2)  computing  the  probability  of  detecting  a target,  given 
a set  of  LOC.  target,  and  flight  path  conditions  and  (31  integrating 
the  results  of  the  first  two  areas  of  investigation  to  produce  the 
probebility  of  target  acquisition  for  the  overall  set  of  conditions 
The  meihodofogy  presented  can  be  applied  to  investigate 
cor^drtions  Of  target  acquisition  for  exisiir\g  lines  of  communication 
in  the  real  world  Author 

N73  19972  University  of  Technology.  Leicester  (Engiandl  Oept 
of  Crgoftomics  and  Cybernetics 

THE  EFFECTS  OF  BRIEFING  ON  TELEVISUAL  TARGET 
ACQUISITION 

K R Perkes  In  AGARO  Air  to  Ground  Target  Acquisition 
Nov  1972  9 p refs  (For  availability  sea  N73-19959  10-341 

Evidence  from  a number  of  studies  indicates  that  the  nature 
of  the  briefing  information  available  to  the  observer  has  a marked 
effect  on  target  acquisition  performance  Low  level  forward  oblique 
photographs  of  the  target  and  surrounding  terrain  have  been 
found  to  be  a particularly  effective  form  of  bnefmg  information 
buf  such  photographs  may  not  always  be  available  In  the 
eKpenment  reported,  an  evaluation  was  made  of  the  extent  to 
which,  lo  the  absence  of  suitable  oblique  photographs,  perspective 
raprasantations  of  the  taiget  ano  surrounding  terrain  derived 
from  maps,  facilitated  televisual  target  acquisition  parforrr.ance 
The  effectiveness  of  these  perspective  views,  used  as  bnefing 
material  m addition  to  maps,  was  compared  with  that  of  maps 
used  alone,  and  maps  used  together  with  oblique  photographs 
The  results  show  that.  wnii«  not  as  effer'iivn  .ys  oblique 
photographs  the  perspective  views  brought  about  some 
improvement  m performance  as  compared  with  the  mbps  alone 

Author 


N73-19973  British  Aircraft  Corp  'Operating)  Ltd  Bristol 
(England)  Guidad  Weapons  Oiv 

THE  USE  OF  KELLY  S REPERTORY  GRID  TECHNIQUE  FOR 
ASSESSING  SUBJECTIVE  ESTIMATES  OF  IMPORTANT 
PARAMETERS  FOR  TARGET  ACQUISITION 

A J Mitchell  In  AQARD  Air  to  Ground  Target  Acquisitron 
Nov  1972  12  p refs  iFor  ava-iability  see  N73  199B9  10-34) 

Kelly  s Repertory  Gnd  Technique  was  employeo  to  study 
the  area  of  subjective  (actors  involved  m visual  acquisition  of 
targets,  m the  hope  of  covering  the  discrepancy  between  the 
date  obtained  from  nsychophysical  studies  and  actual  field  data 
Two  experiments  were  conducted  using  highly  framed  aircrew 
which  have  led  to  the  definition  of  some  subjective  parameters 
oftd  estimates  of  their  impo'lar'ce  Through  ?n3<ys'S  thr«»  mquft 
ove'lying  components  were  elicited  Thjse  majO'  components 
were  ( 1 ) Toe  target  has  visual  prominence  agamst  the  background 
(2)  The  target  'S  m a holplul  bmlt  up  environment  or  Target  is 
in  an  u'ban  environment  l3l  There  a'e  geographical  .;nd  map 
identification  features  around  the  target  to  aid  acquisition 

Author 


N73-19974  Bntiah  Aircraft  Corp  (Operating)  Ltd  . Bristol 
(Engiaruj)  Guided  Weapons  Oiv. 

SOME  PSYCHOMETRICS  IN  RELATION  TO  TARGET 
ACOUISITION 

Sendre  J.  Seale  In  AGARO  Air  to  Ground  Target  Acquisition 
Nov.  1R72  7 p refs  (For  availability  see  N73  19959  10-341 

The  venence  ataociated  with  acquisition  performance  aneea 
from  between  subiect  differences  end  withm  subjects  differsncea 
A recent  intensive  study  waa  conducted,  using  a pattern 
discrimmetion  test,  the  Witkm  Embedded  Figures  Teet  (EFT) 
Previous  experimer^taf  work  using  this  test  indicated  that  n would 
be  auiteble  for  the  target  acquisition  situation  m that  it  would 
astimate  analytical  ability  which  was  hypothesized  as  being  a 
factor  contributing  to  the  variation  in  acquisrtion  performance 
Although  no  overall  significance  wds  found  between  EFT  scores 
and  measures  of  acquisition  performance  under  various  bnefmg 
conditions,  the  study  highlighted  the  difficulties  involved  in  using 
psychometric  tests  in  the  context  of  target  acquisiiion  Tha  paper 
examines  these  difficulties  and  illustrates  the  contribJtion  to  the 
methodology  m this  area  Author 

N73  20959  Adv  isory  Croup  Aerospace  Research  and 
Development  Paris  (France) 

AGARO  GERMAN  COOPERATION 

Frank  Watiendorf  in  DFVL>^  Mandgernent  m Sci  and  Technol 
Sep  1971  p 80  B7  (For  availability  see  N73  20955  it-34) 
Or  Theodor  Benecke  s activities  and  accomplishments  as 
Oiairman  of  the  Advisory  Group  for  Aerospace  Research  and 
Development  at  AGARD  NATO  are  described  Typical 
cooperation  projects  for  mut.ral  benefit  constituted  development 
of  V STOl  ai/craft.  low  altitude  defense  Transall.  G 91,  F 
104  G.  end  the  German-F  ench  Research  Institute  at  St  Louis. 
France  G G 


N73-21B81#  Advisory  Group  for  Aerospece  Research  and 
Development.  Pans  (France) 

THE  1972  AGARO  ANNUAL  MEETING  COMMEMORATING 
AOARD'S  TWENTIETH  ANNIVERSARY 

2B  Sep  1972  1 12  p In  FRENCH  and  ENGLISH  Meeting 

held  at  Brussels  28  Sep  1972 
Avail  NTIS  hC  $7  75 

Proceedings  of  the  AGARD  meeting  are  reported  Belgian 
research  end  development  programs  presented  include  eome 
Belgian  contributions  to  aerospace  techniques  siruciuret  end 
mateitals  research  m Belgium,  end  fluid  dynamic  research  in 
Belgium  A lecture  on  lessons  learned  end  futuie  directioof  in 
the  menegement  of  technical  programs  was  also  presented 


N 74- 17664a  Advi'iory  Group  for  Aerospace  Research  ar«d 
Development  Pans  (France) 

DIRECTORY  OF  RESEARCH  ACTIVITIES  ON  IN  SITU 
COMPOSITES 

Oct  1973  21  p refs  Prepared  by  Batielle  Columbus  Laos 

IAGARD-R  609)  Avail  N^IS  HC  $3  25 

A directory  of  research  facilities  laboratories,  and  corporations 
cor^docimg  research  cn  composite  materials  i-*  pre.<enie<J  The 
organizations  are  identified  by  the  country  m whig!  located  and 
(he  principal  respondents  are  identified  A brief  siaiemeni 
coricerning  the  type  of  research  bemy  conduct*.*d  accornpanies 
each  entry  where  applicable  Author 


N74  21610®  Advisory  Gro  'o;  Aero-jpacr*  Rusea-i.h  ,jno 
Oeveloprncr^t  Pans  ifianie’ 

AGARD  ANNUAL  MEETING  1973 

l)*»r  1971  6R  •->  rpfs  In  fN('jLlSH  pa'l'y  »n  FRENCH  Con* 

at  Ait»ens  '3  5-.*t5  197  3 
Avail  NTiS  hC  3(j  so 

Conl*?'ef't»*  [»rc‘>eritefl  y, )'.u  h hmhIc  lo  i 1 • resevcfi 

and  {jevelrjprr^en!  aciiviiit*'.  in  O'rje.'.i;  anej  the  use  o'  •vuengo 
ar-rl  tcr.hroloyv  '.O  rt'.etd  •iniita'y  'Poinff'iiM’-iis  at  'erlu'.e  f cos's 
f;»r  ind'-viifiidl  Irilrjs  sP».'  N74  2161  1 lhf(>u-,ii  N74  21518 
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N74  216.1  A()visory  Group  for  Aerospace  Research  and 
Oevatopment.  Pans  {praT>caf 

RESEARCH  AND  DEVELOPMENT  ACTIVITIES  IN  GREECE 
S N Moraihs  (Hellenic  Air  Force)  In  ns  AGARO  Ann  Meeting. 
1973  Dec  1973  p 8-13  (For  availability  see  N74-21610 
12  34) 

An  overview  is  presented  of  the  distribution  of  research  efforts 
•n  Greace  according  to  the  areas  of  activity  and  eipenditurei 
Tables  are  given  which  illustrate  the  following  (U  the  activities 
which  contributed  to  the  foirnaiion  of  the  national  income  for 
the  years  1970  through  1972  and  secondly  the  forecasts  for 
1987.  (2)  the  country's  gros:>  domestic  asset  formation  per  field 
of  productive  activity.  (3)  electric  power  exploitation  as  achieved 
by  the  Public  Power  Corporation.  |4)  the  structure  of  domestic 
asset  formation  m the  industrial  enterprises  for  four  categories 
of  products  (5)  distribution  of  expenditures  for  types  of  research 
ar>d  the  percen;  of  the  gross  national  product  represented  by 
the  total  research  expenditure,  and  (6)  tho  financmg  of  research 
ar>d  development  according  to  the  performing  agency  for  the 
cuMont  five  year  p.ogram  which  runs  from  1973  to  1977 

0 L G 

N74-21612  Athens  Univ  (Greece) 

ELECTRONICS  AND  SPACE  ACTIVITIES  IN  GREECE 
K Anastassiades  In  AGARU  AGARO  Ann  Meeting  1973 
Dec  1973  p 14  17  In  ENGLISH  and  FRENCH  (For  availability 
see  N74-21610  l2  34i 

The  role  of  electronics  and  space  activities  m scientific  research 
IS  discussed  Emphasis  is  placed  on  a study  of  wave  propagation 
conditions  between  two  pomts  in  magnetic  conjunction.  Athens 
and  Salisbury.  Rhodesia  Some  results  are  presented  which  were 
obtained  m e special  space  research  program  to  study  the  overall 
electron  content  simgita'^eousiy  between  the  two  points  The 
results  were  observed  during  the  solar  eclipse  of  30  June 
1973  OLG 

N74-21613  Societe  Nationale  Industrieile  Aerospatiale.  Pans 
(France) 

TECHfilOUES  ORIENTED  TOWARDS  COST  RECOCTION 
M Oevaliar  In  AGARO  AGARO  Ann  Meeting  1973  Dec 
1973  p 22  27  In  ENGLISH  and  FRENCH  (For  availability  see 
N74  21610  12-34) 

It  IS  pointed  out  that  parallel  to  Ihe  cor  tmuOus  improvement 
in  performance  regarding  aircraft  construction  actions  are  currently 
being  developed  towards  simpler  rnateriais  open  to  quantity 
production,  and  cha*acteri2ed  by  a determined  tendency  towards 
economy  Three  aspects  are  dealt  with  concerning  the  vehicle 
proouctiC'.  (1)  Structure  <2)  power  plants  and  l3i  equipment 

Autho* 

N74-21014  National  Aerospace  Lab.  Amsierdarn  'Nether 
lands) 

TECHNICAL  AND  OPERATIONAL  ASPECTS  OF  EXTERNAL 
LY  MOUNTED  AIRCRAFT  EQUIPMENT 

T VanOosiefOm  ^r?  AGARO  AGARD  Ann  Meeting  197$  Dec 
1973  p 29  34  IFor  availability  see  N74  2 1610  12  341 

It  IS  pointed  out  that  the  installation  of  add'i’onal  equ.pmcnt 
m an  aircraft  is  often  impossible  due  to  space  limitations 
Consideration  is  given  the  choice  which  must  be  made  between 
redesigning  or  modifying  fhe  fuselage  or  housing  the  equipment 
in  an  external  speedpack  or  pcKl  Several  advdn:<jges  of  a 
pod  mour^ted  system  are  indicated  and  specific  design  aspects 
which  may  require  advanced  applications  of  science  and 
technology  are  discussed  It  is  concluded  thai  the  j,od  concept 
has  the  potential  lo  solve  m many  cases,  the-  probir.-my  inherent 
in  the  implementation  of  new  operational  equipment  wittn.''  the 
inventory  of  an  air  force  It  is  also  concluded  that  for  many 
appltcations  the  pod  concept  will  hav.-  a superior  operational 
cost  effectiveness  m comparison  wiih  an  aircraft  mieqra'ed 
system  Author 

N74  21615  Ministry  of  Defence  London  lEngland' 

the  reduction  of  airframe  costs  WfTH  RARTICU 

LAR  reference  TO  COMBAT  AIRCRAFT 

u Seddoii  AGARD  AGARO  A.-.ii  f/eoting  I07.h  Dec 
1973  p 34  39  iFo'  availabiiiiy  see  N74  2 1610  1?  34.- 


It  IS  stated  that  (or  modern  aircraft  weapon  systems  such 
as  a muiti-role  combat  aircraft,  cost  reduction  can  be  achieved 
at  all  stages  of  the  procurement  process,  and  by  a wide  variety 
of  means  Some  exarmples  are  presented  of  recent  achievements 
in  the  following  three  phases  aerodynamic  and  structural 
design,  mechanical  and  physical  engir  jermg.  and  manufacturing 
technology  Author 

N74-21616  Ministry  of  Defence  (West  Germany) 

THE  HINGELESS  ROTOR  A CONCEPT  TO  INCREASE 
MISSION  EFFECTIVENESS  AT  REDUCED  COSTS 
P Barth  In  aGARO  AGARO  Ann  Meeting  1973  Dec  1973 
p 40  50  refs  (For  availab-'iiy  see  N74  21610  12  34) 

The  mechanical  simplification  of  helicopters  by  elimination 
of  blade  attachment  hinges  is  discussed  Emphasis  is  pieced  on 
the  Bolkow  system  which  features  fiberglass  rotor  blades  of 
high  elasticity  ngidly  aiiached  to  a stiff  hub  The  stated  advantages 
of  the  system  are  (1>  The  hingeless  rotor  design  needs  only 
about  30  percent  of  the  parts  of  an  articulated  rotor  ,2)  Control 
becomes  mpie  powerful,  faster  and  more  direct,  and  nearly 
independent  of  thrust  I3>  The  icnr  blades  can  offer  more  than 
10.000  ho-rs  of  service  life  compared  to  1 000  to  2.000  hours 
for  comparable  hplicopte.s  (4)  The  fiberglass  material  is  corrosion 
proof  and  tests  have  shown  that  it  is  insensitive  to  notches  (5) 
The  hingeless  rotor  is  most  promising  m fulfilling  modern  military 
requirements  for  ai>  mobility  0 L G 

N74-21617  Avions  Marcel  Dassauli-Creguei  A'  ation.  Samt- 
Ooud  (France) 

RESEARCH  WORK  AND  COSTS.  THE  ROLE  OF  DATA 
PROCESSING 

P Bohn  In  AGARD  AGARD  Ann  Meeting  1973  D«JC  1973 
O 61-53  in  ENGLISH  and  FRENCH  iror  availability  see 
N74  21610  12  341 

An  overview  »s  presenteu  on  lesearcn  work  and  costs  m 
aircraft  manufacturing  with  emphasis  placed  on  the  changes  which 
have  taken  place  as  d result  cf  the  introduction  of  powerful 
computers  It  is  pointed  out  that  computers  provide  a means  lo 
mprove  the  modelling  of  physical  pi*  lomena  and  to  demonstrate 
the  resulting  eHecis  on  the  whole  aircraft  Aircraft  manufacturers 
are  now  m a posiiion  to  achieve  trade-offs  /rhir.h  were  at  one 
lime  inconceivable  especially  as  far  as  costs  are  concemeo  It 
is  predicted  that  in  the  future  research  work  will  require  more 
highly  trained  engineers  extremely  powerful  computers  and  very 
bulky  data  fnes  These  requirements  are  based  on  (1)  In-fhght 
development  time  is  becoming  increasingly  short,  and  ts  devoted 
more  a.»d  rnore  e.the-  to  the  development  of  electronic  systems, 
or  to  the  analysis  of  abnormal  flight  patterns  or  failure  mvestiga- 
tions  «2)  Official  agencies  and  industrial  firms  everywhere  must 
more  and  rnore  frequently  accepl  contracts  for  the  developme"! 
of  prototypes  i3*  Optlml^^tlon  Obtained  by  computers,  permits 
the  manufacturer  to  Simplify  without  incurring  any  penalties  as 
regards  the  objectives  DUG 

N74-21618  Air  Fo  ce  Systems  Command.  V3'right  Patterson  AFB. 

IMPACT  OF  TECHNOLOGY  ON  COST  REDUCTION 
J^thn  f Brooke  AGARD  AGARD  Ann  Meeting  1973  Dec 
1973  p 53  60  'For  availability  see  N74  21610  12  34* 

The  results  arc  discussed  of  a United  States  Air  Force  survey 
conducted  to  identify  those  technologies  which  hold  the  greatest 
proniise  of  leduciog  life  cycle  costs  The  analysis  indicates  that 
the  cost  rerliicioy  aspects  of  seventeen  identified  technologies 
•Quid  achieve  a ten  yea'  nfe  evde  saving!  on  the  order  of  S45Q 
niiiioo  Five  of  these  technologies  considered  to  be  representative 
ixamptes  are  discusseo  m dela'>  and  include  '1'  advanced 
composites  '2'  weldbond  joining  i3'  metal  working  arid  munitions 
i4i  replaceable  tread  i>re  concept  and  <5)  aircrah  battery 
lechr^oiogv  D L G 

N74-2?492x  Advisory  Group  for  Aerospace  Research  and 

Oevelopii-ent  Pans  (France* 

DIRECTORS  ANNUAL  REPORT.  1970.  TO  THE  NATO 
MIUTAHY  COMMITTEE 
Apr  IQ7  t RO  p 
Avail  NTIS  HC  $7  00 
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A Summary  of  ACARO  s 1970  technical  program  is  prasant- 
ad  Meetings,  publications,  personnel,  and  budgeting  for  this 
reponing  period  are  discussed  Author 

N74  23493(k  Advisory  Group  for  Aerospace  Research  and 
Development  Paris  (France) 

THE  AGARD  CHARTER 
1 May  1971  17  p In  ENGLISH  and  FRENCH 

Avail  NTIS  HC  S4  90 

The  charter,  as  authoriied  by  the  F'lrth  Atlantic  Military 
Committee  document  dated  5 April  1971.  is  presented  m the 
on^mal  English  version  end  in  its  French  Transietion  0 lG 

N74-23494jii  Advisory  Group  for  Aerospace  Research  and 
Development  Paris  (France) 

THE  1971  AGARQ  ANNUAL  MEETING 

Dec  197  1 78  p Meeting  held  at  Nord-Torpa.  Norway  8 Sep 

1971 

Avail  NTIS  HCS7  00 

The  conference  held  in  Nord  Torpa.  Norway.  3 Septemoe 

1971  IS  reported  The  theme  of  the  First  Plenary  Session  was 

Norwegian  industrial  and  Defense  Research  Development,  and 
the  theme  of  the  second  session  was  Status  and  trends  m 
International  Aerospace  Cooperation  The  presentatton  of  each 
speaker  is  included  Author 

N74-23496.#  Advisory  Group  for  Aerospac<j  Research  and 
Development.  Pans  (France) 

INTERNATIONAL  CONFERENCE  MANAGEMENT 

Geoige  Zmnemann  Jan  1972  16  p Revised 

Avail  NTIS  HCS4  00 

Some  guidelines  are  presented  for  individuals  involved  in 
managing  arnj  participating  m international  conferences  The 
material  is  divided  into  four  sections,  each  of  particular  significance 
fC  the  nrrfiert  oHirei  the  host  organisation  the  meeting  chairman 
and  the  speakers,  respectively  0 L 0 

N74-23494/V  Advisory  Group  for  Aerospace  Research  and 
Development.  Pari«.  (France) 

DIRECTOR'S  ANNU4L  REPORT  TO  THE  NORTH  ATLANTIC 
MILITARY  COMMITTEE.  1971 

Mar  1972  82  p 
Avail  NTIS  HC  $'  2S 

The  report  ha»  been  prepared  m the  conteit  of  the  total 
AGARD  1971  Technical  Program  which  is  carried  oui  by  the 
AGARD  Panels  the  Consultant  and  Exchan  e Program  and  the 
Military  Committee  Studies  Program  Tt*>  achievements  are 
reported  m t'^rms  of  (1)  the  meeting  which  were  held  to  bring 
together  the  leading  personalities  of  the  NATO  nations  m a 
particular  field  of  science  and  technology  for  the  common  benefit 
of  me  NATO  communiiy.  (2)  the  AGARD  Series  publication  which 
were  distributed  and  or  initiated  as  a result  of  inese  meetings 
foi  the  purpose  of  assisting  member  nations  m the  effective  use 
of  their  research  and  development  cepebilitie*  (3r  the  personnel 
that  planned  for  and  participated  m the  total  program  and  (4) 
the  budget  that  supported  this  stimulus  to  ihe  advances  m the 
aerospace  sciences  relevant  to  strengthening  the  common  defense 
posture  The  Appendix  contains  the  detailed  program  of  the 
individual  activities  Author 

N74-23497#  Advisory  Group  for  Aerospace  Research  and 
Oevelopmeni  Paris  (France) 

AGARD  HANDBOOK  (INCLUDING  AGARD  BY  LAWS) 

Sep  1972  31  p Revised 
Avail  NTIS  HC  $4  75 

A handbook  which  presents  a . over.iew  of  the  AGAflO 
oigani^aiional  stfuctuie  is  presented  Top  s include  historical 
background,  military  studies  program  panels  and  publical'orrs 
The  bylaws  of  AGARD  are  p'esef>ted  for  reference  purposes 

G K W 

N74-23498e  Advisory  Grr  Aerospace  Research  and 

Development  Paris  (France) 

highlights  AGARD  S TWENTIETH  ANNIVERSARY. 
1962  1972 

1972  29  p 


Avail  NTIS  HCS4  60 

The  first  issue  of  AGARD  s Highlights  is  oreseoied  Changes 
and  developments  which  have  taken  place  since  the  estabiithment 
of  AGARD  in  1952  are  detailed  Biographies  are  presented  of 
the  recipients  of  thi  first  Von  Karman  Medals  S K W 

N74-23499|b  Advisory  Group  for  Aerospace  Research  ar>d 
Deveiopment  Paris  (France) 

DIRECTOR  S ANNUAL  REPORT  TO  THE  NORTH  ATLANTIC 
MILITARY  COMMITTEE.  1972 

1972  80  p 

Avail  NTIS  HCS6(X> 

Abctracts  for  AGARD  series  publications  for  1972  are 
presented  Proceedings  of  panel  meetings  m the  following  subfect 
areas  are  deiaiieo  avionics  electromagnetic  wave  propagation 
flight  mer.nanics.  fluid  dynamics  gjidance  and  control  propul 
sion  ar^d  energetics  and  structure  and  materials  A hst  of  AGARD 
consultants  and  their  subject  cpecia'ties  is  also  presented 

5 K W 


N74-23600ir  Advisory  Group  for  Aerospace  Research  and 
Development  Paris  (France) 

HIGHLIGHTS.  SPRING  1973 

1973  32  p 

Avail  NTIS  HC  S4  75 

Shod  adicles  on  the  progress  and  activities  of  AGARD  panels 
era  presented  Panels  are  included  m the  areas  ol  .yviorurc 
elecirom agneiic  wave  propagation  fhgfit  rriechdr^cs  and 
structures  and  irateriais  A summary  of  the  work  completed  or^ 
the  new  AGARD  multilingual  aeronautical  dictiOMary  is  included 
along  with  a description  of  the  plans  for  the  publication  of  me 
collected  works  ol  Theodore  Von  Karman  K M M 

N74  23601a  Advisory  Group  for  Aerospace  fleveari  h and 
De.efcprT.cct,  Pu.*;c  ’.Frsr.cc? 

INSTRUCTIONS  TO  AUTHORS  OF  AGARD  MANUSCRIPTS 
TO  BE  SET  BY  THE  PRINTERS  INSTRUCTIONS  TO 
AUTHORS  OF  AGARD  MANUSCRIPTS  TO  BE  PREPARED 
CAMERA  READY  |IN$TRUCTtONS  A LINTENTION  DES 
AUTEURS  DE  MANUSHRITS  AGARD  OESTINEES  A ETRE 
COMPOSE  PAR  LIMPRIMEUR.  INSTURCTIONS  AUX 
AUTEURS  DE  MANUSCRITS  DE  PUBLICATIONS  AGARD 
DESTINEES  A ETRE  REPRODUITS  PAR  PHOTOGRAHIE 
OIRECTE} 

Oct  1973  8 p Revised  m E NGLISh  ami  ^ Rt  NCH 
Avail  NTIS  HCS4  00 

Instructions  are  given  lor  those  who  are  u ‘able  to  use  nCjAHO 
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AIRCRAFT  PRODUCTION 
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AINCMAFT  FNODUCTION 

Nond*ii>wci<««  !•••«  «ppii»d  to  cu«J>rv  coni'ot  of 

tT-*4«  of  bO'O^  ■-d'riOo»>t««  0O290  N72  24936 

AGaRO  Ar.nuoi  M««nng  19  73  cool«i«na:«  oo 
r«M»iCh  <<v]  *a<3  <jM  0>  K>«rv<« 

• rd  l•(^'^o4og^  10  rr.tf.  «i  im)u:o<5 

COM4  O030*  N74  21610 

T*chrti<)k*«*  Or  lowo'dt  co«l  >»du<l>oo  ■/'•■K>4h 

P'oduci>on  p0306  ^74  21613 

R*M0'ch  «vt>rA  «nd  co»M  lh«  'of*  of  d«l4  r>oc«tvng 
•n  o'oi.  Cl  on  C>0306  N 74  J 1 6 1 7 

lo'poci  of  (ocfittoiogv  o»  cost  ••doction  •>•  4■'^'«h 
pioduclon  p0306  N74  2161Q 

AtnCNAFT  RfUAAlur/ 

wl  « 'CfiR  •ofw'no  1 

lAGARO  AR  47  VO.  l|  p006'  X .’4  7360C 

Rhy*  ta'  vUrv'atMfi^y  of  a ’Cf*h  vofurr*  2 
(AGARO  AR  47  VOL  21  pOOQI  X 74  73601 

Ai'ctaR  <rb<n«'«biliiv  an«(>ti»  woiu^  3 
(AGARO  AO  47  VOL  31  oOOei  X -4  73602 

H*l<opi«i  daAjQfy  fo'  imptovtrtg  c««a^  tu^wivabtldy  of 
•i(C>aR  •*><)  occuo«n(»  p6i0i  N72  i9i4i 

fliri-ac>iiiv  of  nianooo  tupa>fconK  ai'c<afi  coondot 

ion  t4f«>v  h«7i>di  pOr70  N73  23663 

AIRCRAFT  SAFCTY 

AccxJe-i  i“.v*»t-oa'-o'5*  firg*i?  connol  a"-! 

OQ«<aiio''«l  tocordin^^  '?>  ai'cafl  High*  mocba^ 

<» 

(AGARo  CP  76  7 1|  pO027  N71  23*10 

Opo'anooai  ftigni  daia  mairva  <0'  ir^piovoci  awioct  i 
M'Oly  p002  7 N7  1 23*1  < 

Onboo^d  CUia  acquvioo  fo>  irr-p>cry*d  a-'C'«fl  da%ig’ 
4^<i  004'41-OAji  n.ghi  vi'trv  p0027  N71  23*12 

0{>«  atiooai  p«r1o'^a'\<*  and  Oand'-ng  u'aiy  log.. /* 
fO'  vogtft  tog 'a  bOvi^a^V  lav*'  cooi>oiad  a'X'af 
* STOl  p0026  N7i  23*19 

Hu.Ti.Ti  '4CI0  4 and  la'^ly  I4aw*m*rtl%  ft 

dasigft  p0039  N7  . 23423 

Syitf't  crtrfo/.'oa-c#  lod  v4f#w  'O  Mi--:oo«*'  ipCKOich 
4ft<l  land  ng  a^d  >ad«oaiKt>or  c g:  idaftca  a 'ay 

pO03*  n72  11939 
Siab>i-(y  and  coftt'O*  fo*  a^ancod  a<<c'ah  R g'>i 

^a:h40i<»  and  ^af*iy 

(AGARO  AR  48)  p004l  N73  13018 

P'<^*‘-.<ca4  l-j'  •«a''jaiiftj  laiigja  quality  nf  ai*'  ati 

• I'wciwai  bas«d  on  taiigu*  iit*  <>a<k  O'oraga'ion  a-'O 

>aa>duaf  tiiyr^in  p0294  .«73  29926 

AIRCRAFT  flPCCIFICATIONI 

Uotign  dtvatopma  4nd '•qoi'4m«nly  lo'  aAod  lah  off 
Iranapon  ai>c<lR  fo<  miliiii>  appl<4lon.  ut<ng  Cin'f  4i'C  «n 
fz£.'.’..z-  s'S-r  fCC««  *f'J  2TC’  ' 


Anaiyva  u*  'a«*ai<>-  and  dava  opmam  p'og'ami  .nvoivi'ig 

COnUfiiKl'Ofi  of  *f>«. '1  fak*0R  f»|n\p0i1  ai'uafl  in  jy  .T>  ,ft, 

pOOSS  N73  2 70  1 3 

AIRCRAFT  tTARILITY 


Wind  tvftftof  ti;>diay  of  aafa>*ai  yio>a  mducad  fia'd 
maia^filv  affacia  on  '^ngdudmai  yiat^lifr  of  a'  nay  ai'ftg 
•I'ciaft  pOO06  N7 1 19362 


P'ocMdiogi  of  conifianca  on  anciaR  6<gM  laai  r*o 
co^Jviaa  d«ia  acqui»<  -on  data  p'ooaivng  and  conaiation 

wi'h  w-nd  luftft*!  |««1  ■•twill 


(AGARO  CP  861 


p0034  N72  20976 


a'igM  laai  p>oi.4d-j<at  fo'  dait-'i'ming  yian  and  :.^in 

cf>aiacia>is(>ca  of  n.gh  paifo'manca  •■<<<•'* 

pO'^36  .S72  20979 
Siabihiy  and  cor  i o.  h<gni  (a«i  r>-ocad  -ai  fo*  v 'IfOi 
•■/c>ah  ift  g#r.a'4i  4f  : *pac  i-<  #<h.'C4Iic  < lo  P » i ; 7 an.i 
Ma./i*.  inc'ah  y>03‘  .'4  7?  20900 


4fta;y«'«  of  facio'a  aRar|r*g  ijia'ai  di'acfongi  hand' ng 
QuaMiaa  of  a 'C'ah  dv'-rg  lakaoR  flight 

pOO40  N7?  32033 

grd  •fCOn'.'n#"-da.-cnt  try  rorTpul*  p-OQ'a'n*  I : P";ii1a 

arcwaia  p'#<*c!  On  caoaOiiiiv  p0040  N77  J7036 

iniiigh-  vanaCria  tiaOi'iry  ai>pfar«  uvatugauo  >t  n.>  g 
ca>ii«>  ai>p-oAcn«y  lo  daiar'^i-’a  af^aci  of  fiym  i y.gi 

P4'amai0'»  w'  -"jiOfh  0*do»m|ftca  pOO40fi72  32'' 1' 
Rw.«v>  c'  oi-cb  ci'Oracia  on  ai'-  'all  hand'  '■g  a-jal-iiat 
«ah<ia  siatx'  (y  and  coni>o*  cha'acia'iiixt 

pOO40  N72  37038 


S-jrvay  of  uu.  '9  inrJuaf'r  lO  dPla-m-"# 
lachmgviaa  wt4d  I.'  C'j'-yida'  ng  Iftiaifci  nny  qI  iiand'ir^O 
Cuai-lKt  tiat»ii!y  conio!  a-"J  'oad  aiiavicl  un  davicat  on 
at  uciu'ai  load) 

(AGARO  H 693}  pOOdO  N73  i lo?o 


S aoii  ly  and  ronnoi  affia'ni  io«  advA'--  a-J  fi-  ^ah  Hi^ri 
m»<ha"<-y  gnd  aalafv 

(AGARO  AR  401  lK/V4'  N73  1’-  d 

Svmmgiiat  ■>/ papa't  t «av»niad  l . cunl«  »frg  r c-  <a'*iiig 
a'ahii'iy  and  cori-pi 

|AGAh^7  CP  1 19)  pO043  4 J I j969 

Ogiai  n-iih-t  baii%a»'i  mistion  '•  lui'a  -•  'll  pii-iiai 
>'”.‘afi  a'ahii-iy  ••  -i  a. w-a-iv  t-ahiiii  • r'^4  N73  16R9S 

Datign  c'l'f  ia  lo'  sana'acio'y  and  -onr*-'  '.>i 

rr  I . r,  a..-  ah  p0044  N.'J  10996 


P'adir  I on  o'  aa'oa'ati  .•  ’ •'  ya  ■'■o  '■am  af^ac  1 1 • <•  tiaf"'  1 1 

$r  II  - Itin 

i'iliwan:a  of  pOAf  .1  i.'jr  | -on  n;  t:ab<:  . a~-1  ■•'J' a'l'* 

lb  I Ir  pf:04‘j  H'3  I ' f'/e 

A-iil'.ai  »i»b-i.  af  o-i  ’u  I .I'la'.i  o -i'Oi  rtal<  •n- >a  i:.< 
h qh  p«do- 'ngrw- • •i.''>ah  pOri4S  M73  I 7'‘H>9 

A lion-  at-'  ''•ij'fwyl  I-  • daia'.'O  r -j  \'3l  'r  a-  '1 

d»  /alivay  l<3m  flight  data  pCK)46  N 3 W<l  / 


Mandi-ngchaiacianai-cf  of  V SfOl  aiicrah  baw-i  on  data 
obiainvd  t'orrkhighi  t#«it  «i>ni,‘at3' ~ ;>a'at<o''-  and  anaiyli.-ai 
aiwdiat 

(AGARO  R S77  PT  2|  p0066  N73  27906 

Tha  pioCXarh  ct  i-naia  ■ ng  • rrodam  high  *>«ratt  angi-'e 
Oft  a (Mih  ;•!  uaoiDon  ai'Crah  o002i  N74  14  72  7 

{ tpatianca  «>if>>  a lom  aii-iuda  iu<buian<*  i-  mlai  ><•' 
•uiocand  canitcaiion  co>>Aiauonof  g-jit  ntodai  data  «wi<h 
Kaiiyticai  anaiyva  of  n gbi  itvi  laauiOpOOSS  N7  4 i 7 738 
CSAS  daaigri  to<  good  bandimg  m iu'bul«rca 
davaiocmam  of  dat*gn  c<'ia>-a  fo>  tiabiiiir  atigmaniaii 
aytiarrt  lo*  aiiatiaiion  of  guti  p0069  N74  1 77* 

Th*o>*t-cai  boigoniai  !••■  loada  and  aiiociatad  aiic-ah 
'•apoh-iaa  of  an  auiopi'ot  cent*.  :i«d  t#i  i<a-nH>o'i  iiy  ng 
lu'bufanca  arkaivvt  of  p>ob)cm  j««oc>aiad  M-ir. 

>gid  aiicrah  coniioMad  by  timpia  au*op-loi 

p0069  N74  1774? 
7ha  daa  gn  of  auiofnaiic  R ghi  vOnnof  lo  <«du:a 

iha  affoett  of  aimoaphar-c  diMurban'.at  h>ghl  lasH  of 

• tpaiifti«ftiai  auiomaiic  p-icia  on  0AC  < < < ai'c<4>< 

pOOAO  N74  17743 

AIRCRAFT  RTRUCrURCS 

Aarodyramc  iftiaifarar.ca  chaiaciantliry  of  aidiirra 
p'Opu>)«r  »i»ia'*‘v  of  i-anapc  i arnl  miiiarr  ai'iiafi 
|A(  *r0  CP  71  *1|  oOOOi  N7*  19363 

cr>  o'  nt«.l«*a.ncet  Itai^aan  4i>..<ah  • ompo 
n«ftct  >ft  » ipa*aon*c  Pom  pOOO  1 N7*.  193‘>6 

Tf  aa  d-'Tkana-ofta:  iAia<aci  o't  .n  had  co'-a  pi«yy  na  f«i'y 
and  affacia  on  .niahaa  rytowntad  adiacem  lo  a-'cia-i 
luta>aga  OU003  N7-.  1936/ 

T 'ant fa-  funchont  n oda'I-  -g  ho 'nan  p IO«  and 
ar'u-.iu'ai  ai<t<af<  <aH>0''tai 

(AGARO  R 600  71|  p0006  N7i  232'0 

M«ih«rrat>cal  rmoda'I-i  y o'  a.iciafi  tiiu'iural  -«scrw  \a 
modaa  10  aci<va  .nnbo'  avitant  pOOQ7  N7l  232*2 

Corr.pv*a*>oft  and  <tvaa«u*an'.aftu  oi  d>nam-c  • 'C«aii 
('•nt<a>  fuoclaOnt  lo  a(nH)tphn<-C  lu<bulanra 

O0O07  N7  1 232'3 

$■>'»•*  and  ••‘•'yf'.  of  apc*  ca'-'-i*  o*  nondat?'v<:«*»* 

■ napaciKV'  malhodt  lo  a->c>alt  v*jri-  -a* 

(AGARO  H 667  7t|  P0197  N7?  i964i 

Si<ai»;.yowO‘-c'ar  *•  -g-ni  •.‘•h  vi*«  :i-  av  #.-i  varn?  ,v 
maia.-ait  h ••  <•«  •«>  pC?96  N7?  71901 

S-w*»fy  .'^d  *-••»»»  of  ••ia*a«u'a  w fa'igva  Carh-aga 
acc-irhviaio.i  m aocafi  fraia'.ait  and  «i>wci'j'as 
(AGARO  AG  1671  P0290  N7?  22916 

Conf#(aft,.a  Oft  Si'-jciw<ai  App'^-aiony  of  Ad*aocad 

CentpO»i«*t 

irnGnOG  l3  wwi  t/OiCS  •*»'*  aawdS 

Cu30“poyiiaa  m yt-,.  i,  <ai  rta«  go  p-oca*t 

pO2'09  N7?  29697 
p'.marv  and  iacoAd*r>  «N..-.tw-a'  appf-'ai*on»  o'  ad. 
an<«d  compoa-ia-.  p02i0  N77  29S96 

* -aiyait  of  •■•'»ah  . lo-a'  "aa-b  i*i  / and  flight  coniro’y 

"-■aiia-  a oith  aopi'cai-oo  lo  aiorah  daugn  '.mar  a 

y»39  N7?  32031 
Ca'-.w'aiing  a-ganfiad-wanoat  mo-iat  and  gana'w>vad 

matiai  In-  f '.040  ai'cah  I'O'p  d»#**iog»  bv  i.o.ia  aiamfr: 

ntainod 

(AGARO  R 69:i  p0290  NT?  339--S 

Random  'oad  lai-g->a  of  ai'C'aft  »!«u<*waa  <onla- 
«•  ' •» 

(Af.ARO  CP  »'0|  p029i  N73  16096 

fangua  ii'a  at'a»»“*»n:  o*  ai'C-ai*  m*uc'u  at  hatad  on 
'•ndoTi  O'  p og*» -•••.mad  l8i-g«.»  tail'  » '•  ■'►•dings 

i029l  N73  16097 

Phyticai  atp*'!*  '>1  da-"aga  a'-Cu'n.yatio. 

•rK*  id  ng  -nta«acii0~  art  taoi.t-n.a 

ir029i  N73  16099 

anO  •V>lirr.»»cv>  t».  »*<%.-  « In-  •. -y  i alt  rtM ■ ■ • 

t*ftif»at«s  'o  o*’n.C'pa'  1 • » . ',1  laia  flow  lo«  comf^o*  i 
dav«iogr^-ni  p00S3  S73  74049 

Us#  of  -€  ifO'i  nd  bO'-O  and  • a-bo->  I ha*  < orrp-jyita^  , 
a -'  aH  «|  ..'I.,.a  - p02  < » -N73  274R4 

Coftt'«u-.'ic'‘. of  y'lda  ••  C'#i’  V ng  gia»»  'iba*  a'd  ca“t». 
fiba'  '••nf'i’'ad  piatiin  ' n.''(K,%iia  maia*'a't  fo<  araigh; 

• adiKlion  and  •r.-<aat«'1  vi«#nyh-  p02' 1 N73  27486 

A,fp’<.a*  o--  0*  '-OTpy.i.ia  —aia»-a's  md  ta'i'M  i> 
lu'hv  to  ««iii,.'a  a-#b  '.ir  of  a <•  rah  s:«uci-i'at  ioi‘-u!*» » la 
.mpa  I o07l?  N73  774B7 

f>as  g ■ a-  f /»»4'  iff  i-f.!'  g >1  ccrt-iiritiia  •nala--a  s »>«••?• 
ijiga- n r»ai.i*as  l-»i  i.sa  ir  avcrtpi'a  va*  - 'a  timi  . 
f.h-a'  lad  o.g'.  ran--p»«at.j*a-.  p07 '2  /a7)  7/4R9 

r>»^a'’M’  -■•aril  'll  fiha*  ••nlr  •••f  • •■»io«-y-ia  rnaia.-ials 

•t/{  ‘ aiH  '.  i<t  a.<  ti'aaibii -g  aiig  a*  •»•«>' a *i  '.a'  •a*‘-rjas 
a »l  ti»a  • 'ah  - '»n  pooaiitt  o07l7  N73  27491 

S.,r.<rT>a<.a«  •»!  |.a|>«'«  j.'as»  I !■»  *r,aRo  •’•.iilata-' • a 
•y  •»•  Ao-Tv  ' a<1  •*?  V"^ 

(AGARO  AO  64|  •,029?  N71  /eeH4 

A a'ytit  of  *a- o"  ta  ■ d '»i - oa  t' •a-,yt  • s *ji  i y*.* 
•■-«  f lav  #'  * n-a.  j-ifia-*  |:'a---*s  wlh  a-mphavt * >.,%» 
••< -u  »a  P'ophiia  - iiO?**?  H7";  299*7 

Mat. -vis  'o*  ga-.-<ali  si'j-i.-'  m tor»n»a  i-j 

f<r...ti.r  fat  g-^  .-'•J2't3  N73  299'  1 

S'  •••  |.-  a'  laspitna/.  aidcan-a  lasts  'i’  •■•••'« 

a-  1 ly  to-  a ..SI.  'aiy-a  ;.:294  N 7 ) ?99.’'  1 

Ain.'ifiiw  t*  s -••-  as  Iasi  larh  |ua  ••►•  data-mir-.-- y 
•hsiMf  sa  *’-t  ila  ,1  ai.-.  >ah  Mu-tu'es  «..l  la.  I in  ang  . # 
I.a*.!  a..  .I..I..,-  r-0294  N7T  29972 

D— «al..|..-a»  • .1  ••r.a-i.'t  p-r;-j-s--.  >-•■  •■  .j 

■as|.i.*  »a  a «j  vi*  • '#!  sj  -a  'at-'t*!  - • '►•  iiy».ii^a-y’  • ■ •• 
t;  1.0294  h7  1 .'997  3 


0ava:Oprrani  o'  piocedu-at  f<v  p-adici  oy  laiigus  hfa  o' 
ti'C'ah  t(.u-.iu>as  baia.i  o<s  u^ciuit  machan.^^  c'ac^ 
P'Opagaiior  and  'avd-...  tiahc  tuanyih  a-'tays.a 
(AGARO  lS  62(  pOij*  .'73  2992a 

Pfpcadu'av  iQ-  a»a:i  4''ng  fai.gwe  qi-ai'ty  of  • -I'a'’ 
tl'ucfu'fi  basad  on  labquf  iiie  cifcV  p'ocagaiirv  and 
••fd -ai  f'a.ngih  p0294  N73  29926 

Piccadu.at  lo'  p-adicir'y  fai-gja  t la  of  ai'ciah  (ly-'g 
uftdh'  variOut  foad  co'ditont  utin-g  data  obia'-aO  b> 
counting  •cca'a'ort'  ia>  p0294  N73  29927 

0pi.'Ts.t4ii<xi  of  ai'-  'a*i  Mf-Aifijiai  ts-ih  n^u  i.t'a  tiifir.ass 
»aq>.--an  #r,t , p0297  N74  '6612 

Si".*.iu'ai  latg-ie  aoai,s  s a d iat<  'tg  to-  iighta-  a.ic 
lah  p0060  N74  I96SS 

AIRCRAFT  tuRVIVARlilTY 

Appi  ;at  o“  o' compes  te  inata..#.*  a-j  ta-daK*  ti«  j. 
fj'a*.  to  •ad'j'ra  *u‘'e.'aC  i ' y ol  ai  c'th  » lop'o.aci  la 

idtpa  I P0217  N73  P’AO? 

AIRCRAFT  WAKCS 

Co'npa'.tOf'  pf  va-iO-jv  mAlhodv  lu-  caki-'aiing  p»ol  la 
drag  bom  ptaitura  maaiu.amantt  m iha  n#ai  «baaa  at 
tobc'iiicai  tpcadt  p0020  N74  I 472i 

The  daiadion  of  ai'C>ah  waha  vorl-cas  davaioprnan' 
cf  acoutiic  a-nd  yuirto  pietturt.  vanao't  io<  sonai  d-sias 
ion  p0068  NT4  1 773  1 
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AUTOMATIC  FLIGHT  CONTROL 
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Auiomat<  oi  ECO  du'ing  «ti«r 

fiaicrM  wih  IW3  comov»t*f  ^raitm  ^OCJJ  N7?  2SOS2 
T*chnK)u*«  fo<  coniroi  ano  o<  t»ci<a4 

wTih  amphaao  oa  <oti  fa>itb»iiTy  aA<)  parfoimanc* 
(A^iARO  IS  S?l  o0?:«  N72  77601 

NwrTM'icw  aAairv«  o>  aOioini  aouAiityA)  «*>o> 

mhnaai  lyiiamt  a^ot-ad  to  aAdcoAiioi 

o*  'aci'ca>  mni><a\  pO?26  N73  27604 

Auto^naiad  (ac^Atca  conuol  fo<  military  corrt 

r'.untcai>OA»  fac  'itv  p0O3  N73  t0<0 

O'oani/aiion  fuiv:;>oAt  amj  capaMii«»  o(  auiomaiao 
a*'  u»tttL  coAitcM  tfaia-n  »ot  fio«>a  iiaty 

p0232  N73  23694 
^aawt><*iv  of  «uiorAai«d  ^actc'af^  m^riorti%9  uv^g  >*af 
iirr«  corTH>uia<  taiaA%«irY  p0279  N73  23060 

Taci<ai  mtagf.iad  ai«c(^uni>.  tr%i«rr.«  lo>  Swadish 
.-  p0279  N73  23089 

Computt'oad  umuiation  of  'nuiui'iop  aiiituda  cooiiol 
ftv  -larTt  lot  Miafi'ia  OaitMa  'Mofnt 

pO?79  N73  23690 

E (pOA«n|iai  ptoOai>'-iy  d>«i'-bjt>c  > tA4iy%.\  foi  aiitapo.'a 
ting  aaini|>a(.a  ly.K.n  (Wtf0'<Ttanc«  i(a('&l-C4  f'Utn  I«m 

'•'"'I'  p026i  N73  239C3 

A tataa’1.^  «kO'ka'  \ v4«>  &n  ina  tutu  • of  awtotna- 
taaoing  n-«cn.nas  pOI6i  N74  t€9]0 
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Opa'aionai  paciQ  r..ava  of  a.^to'naiic  v S70L  f<ighi 
coniioi  t>ilarrl^  ut>r.g  i«i  th  usi  o>  6"  t^aad 

p00?8  N7  I 2341b 
H'jmati  facie  ^ and  cuniic*  vv4ta«Ti  la'^mav  in  lai  <Jp\«l^ 
dw  ng  luiOuianca  tAcoll■•lal^  pO02n  N7t  234?4 

Soma  D'ocaam^  m oavamoing  auiotnai  c r cofi'oi 
Iq-  iig^i  n*iicopia*t  pOC3'  N7j  ii922 

Avion  >t  ■■  app'Oa'^f'  and  no«#'  eouO'at  fc>  >ac'(i« 
^al•^op1a•»  p0032  N72  11926 

Oiihoa'd  cO(T-0utai\  fO'  auiomat  , coniiof  0'  rnsnoad 

'a-oaca^a  ron^dai-ng  hv< 'an  fa  in'%  •••iag>aiiO" 

lAGARO  CP  1141  o0?70  N?3  23001 

Comojifn/fd  i-a-vait's  gy-i^^i-a  %yii«n-.  fo*  aicafi 

Rigsi  connoi  rO?80  N73  23899 

Oaiigp  ol  a-'-.-ah  dig-ia'  lyaiani  fv'  a^iomai.:  n.gr.i 
conuoi  p078i  N73  23900 
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pOOOO  N7I 
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\»y  emy  on  h«i., p003l  N7?  1I91S 
TK«o'*'i'.ai  Kd'i/eni|i  laii  'oadc  a*d  atvioaiad  a <c'aft 
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AUTOMATION 
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Oaaign  «tyd  cAa*acta-aiica  ol  ava«i<aty  pcw*<  mxjic*  io 
op«'aia  atoci'ic  hyd(aiai<  and  pnoutnatic  u-tayaiam-.  m 
lainrat  poM.ai«d  a*ioi|.Aca  ««h<ioa  pOOOS  N/3  19046 
Anabr^*  of  miadaca  baioaan  a*K<afi  mocbjnKai  DP^at 
iaqu-ram«ni»  a/vd  pa.'fotnyanca  <A4u>iam««>ia  ot  awaaiary 

powai  avtiar.  a pOOOS  N73  (9049 

Analvtia  ot  gat  lu'bina  angina  taguiiamania  and  paclo'm 
anca  wMn  mam  piocK4t<On  aytiam  ty,initfya«  aoidiaty  pOnt  H 
KXif  a p006S  N73  I90SO 

Oavalopmant  of  intag'aiad  coniiol  tytiam  to>  tupa'konic 

aitc'afi  ba»d  on  pnaumam;  powat  ganataiion 

p0066  N73  190S6 

AVALANCHf  OlOOCO 

Oana'alion  of  tupadviQA  f*aquancv  nowai  vying  n^gativ* 
■mpadanca  cha'actanttict  of  awaiancha  diooay  m 
ampi.iiatt  PO194  N72  «SSn 

AViONICt 

Coyi  aflaciiynayy  taiiu<a  anaiyyiy  a'ld  day-gn  'a<nniqv/«y 

fot  rryaaviting  latiab-lity  Of  a«>onH:«  ^yyiomy 

(ACARO  IS  47  7t|  p01t9  N7l  36776 

Ra*  abilily  yylitnaiion  •-><lvd-ng  fa-lti<a  affaci  anaiylit  'f 
aw-on^  yyyiam-,  ^l89  NTI  367  77 

EH«i:ir«anayy  of  iai>at>>‘-iv  p*vg*a' *y  fo<  a*'0<'  • aguip 

mant  pO>89  N7l  367  79 

Coyi  o<nn«<yA>p  anaiyyi^  of  av-^<  agv'pmar* 

p0190  N71  36784 
P'0.a«  *v  jf  vo.-»a'an<#  o«  awo'iicy  .»«  toa  ociafi 
c>.  .»i-ng  r o'npon*!'!  larh-nlnoy  •ry-.-umaniaiiOn  yatal' 'a 
y*.pyyyiamy  and  yaic-'if*  xtiamy 

lAGARO  CP  87  7 1|  pO  90N72  19463 

'^^iiidanta  an/r  diyp’ay  g«i  fo»  a <i#f1  and 

ypacac'aft  cunf«-ar<a 

fACARO  CP  961  (»0223  N72  226?1 

Anaiy^iy  o>  a *<'ah  -nyi-^-tia<>iy  an-1  d>«piay  da>i>i-ay  Pv 
apc'uacA  co-'i-oi  a'd  ia<  ding  of  v S'.Oi  aitoafi 
lAGARO  AR  s<t  pOl96  N73  16439 

Ontida'd  t.on-piiaiy  >o  auldtnai  < :.on|<r)i  of  mannad 

aa-o-oaca  y»yiamy  cons-da'ing  t-wma.i  *aciO'i  •ni«g>at*0'> 
(ACjARO  CP  >141  pC278  N73  23881 

Ooa  ai.o*i«i  I ov*  a -I  •♦vh  -oi'^  ca:  dav**npmani  aypoc  ly 
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(Ady:tiOn  And  co*iokaO<-  'At'k!  «.«  y02  lO  N73  2 74  7 7 

AppiaCAlaon  pi  giAkk  <pmpo*  ■««  A"  CA'bon  compokalAC 

And  PftO  49  pagAnc  tabpa  #nAtAarAl  tO>  AaalaAanA  A d 
*OA<-*t'Afl  conki'-at.aoo  p02  1 * N73  2 7462 

Apo<<Ala/n  of  glA»>  'Aarlpacid  And  CA'bOn  'AaiktO'CAd 
CO/rpOVlA  mAIAnAl*  fO'  bolfopl**  •MvCIW'AV  A^d  .'P.An, 
wmgk  pC2l  1 N73  27403 

Uk«  of  lonfoicod  bomak  4fui  CA'bon  fibo'  lompokairk  an 
Aa-C'Af|  Al'aaCIv'  k p02  *1  N73  ? 7464 

Co*‘»|avCfvn  yl  girdO'  A**caAf»  Vkang  giAkk  I h««  A'^<A'1>0'- 
lift#'  'Amlo-aipd  p'Akl -.O'npOkai*  /nA't-.A  k 'O'  r -v.gKi 
• pain  :t  on  And  • d yaapacglb  ta07  If  N 73  27486 

ApplactlaOnoiglAkS  Pnaf  i.p.tN>n  fab*'  'AinlO'CAd  kHyClu'Ak 
lot  g#k  lu'banA  AaigarA  ccmckO''-Ani C to  OPO'Alt  ao  hign 
lArrpA  • AlOiA  A'-nri-Oa' "'♦ail  ^ p02  I 3 M?3  2 749S 

pAilvi'm*.- 'A  pa.d  lAla^uA  CI-A'-giri  ot  cOirpiOtCO’  b'Adrc 
lAb'a'-AIO'l  I'O'T*  CAitopa*  ••bO'  C'J'nppf  ia»  Anal  bO'iVa  rom 

po$ii«  «k  'A.  p02«3  N73  27496 

CARBON  MONOXlOE  POISONING 

Cfibon  m.r^aalA  aIIaiIc  '.I  hyOaicA  Or>  palOl  fW'loini 
A-KA  r-0095  N’4  13  709 


CAR80N  8T«CL. 


Rtndo'y-  ftlaguA  lAk"'  0*1  l•o•m*lltA•^  cfbyn  flAAl  w.'ll 
O 7 p4<a.Ani  ( Atboa*  p029  I N73  16902 

carbjn  tetrachloride 

FAiI-j'A  of  WOKlAd  (Oanlf  an  Ta  A'  S'-  A«pbA  IfP*  AllOf*  <n 

C04  vApo*  p0269  N7?  21929 

cardiography 

VaIuA  of  CPaal'AC  m »rAaA*- aag«  .o  r«AluAt-ng  fifing 

p«a»on.k«l  l-<^3e6  N74  13791 

CARDIOLOGY 

0AV;a>p|aO>a  of  aOolanA  « A'd«>'OC|iC  P'OCAm  lO  dAIA/'T'inA 

fl^I  fil.-.Akk  fo'  CfAaanAn  Ai'  Fnacl  p009  7 V72  141Q2 
CARDIOVA8CULAR  BVfTiM 

Cf'dAC  And  '--•u'A*  •IfAdk  ol  UMf  >AdA>  rna-gf  O" 
faogc  p0068  N7I  203-^4 

(fV'CM  AffAa.14  on  p%,«.  AI  M'  - #nd  • A'daOv  A •< '-I  * - 

•y«i«aTk  of  Agia^  fiaini  ;0092  N7i  223*3 

OtadAC  coayal.l.'anc  #k  U'lO'  -a.  A#  Alang  PigM  lilrt«cc 

^1  A.-  (oa'A  p«a»ono*l  0096  N72  '.4  101 

CAf.OO  AIRCRAFT 

0«  ••'OP-'n#'l  piaai  'nA#Aa  lAaakla'  1 o*  d lA*  • A gv  •'<X>k 
9fklAm  fo»  uk#  0<’  fikatiiA-f  ttAnkpnn  hAia  oo'a  k 

pajOAB  N73  2 IU22 


CASCADE  now 

l.-if|vA«-»»  O*  dAg'AA  a.I  lia'bulA'’.' 

(04*1-'  "An!*  ol  # A>>AC 

AnA-,|.-4l  »pp-nA"**  *0-  Inyk  And  ■*> 
‘ Ik'  AdAk  a ■■•#  »oaii.  I gw  •••.iiaal 

*(i'l|aon 

S"k-g  aaf'-lf  mAII.'»»l  l.-a-  # A>' '-lAliaag 
(li‘0'agh  CAV  Ad«k  «Vil-*k  kAlaA  AIa!:/" 


A <»n  AA-O-lfi-Am 

I.O2A0  *173  i9  798 

aIIO.^I.o-1  h**Av-y 

-•g  A » a'  •••••.%  f ow 

1.0768  N/3  ••9e'.»J 

• o-np-ACC  f.lA  P'  ay 
p0269  M7J  1901  •? 


EffO'.l  of  A«'Al  »*IO«;tlT  >AI>0  on  •daodfr.A'n.c  COOHa;aAntt 
Ol  cwrmp»*^u)i  cAKAdA  m viKOcik  flpwp02ft9  N73  i9S04 
InflyAnCA  Ol  ACfl  vAlOCily  (Nnyity  lAlaO  on  COmp>A1AO' 
i.AXAd4  pArfO'iTIAncA  m COmpfAkliplA  60W 

r>026B  N73  19806 

CkpA'iiTkAnlt  Wiin  cAACAdA  AACOikdA/V  flOMk 

p0270  N73  19811 

9kxA  wAvA  bOunOA/Y  IAr«<  miAiACIaOn  n comp'AtkOr 

CAACAd**  p02  7 1 N73  i98ift 

BoundAaY  l*r*'  bObAv'O'  an  kupl'ionc  SltAagbl  And 
jnnulAI  blAd«  CAKAd«k  C#l  filAd  Aa-d  mObilA  IfPOA 

p02?i  '473  1981  7 
Hag*«  kp«Ad  AcMiAiAn  l.lar.  ol  pulkAling  flow  in  i/pnvj'-.'C 
lur^OA  t-AACAdO  p02  7 I S73  19618 

CABCADE8 

ffltClAO'bc  indA'V  I AY  A'  How  pAllt'nk  on  up'iphl  i AkcAd* 

bi«dv  pAifo'mArv-p  p026c  N.3  >9603 

C4BU0IIAIM  ANlFNMAS 

Sa-j-r#  Atpoclk  o'  ' ‘A*  And  lA'  |ngl«  c a1*lob«A  .n  akouHA 
'aHacip' Ant«n.t«A  pCI47  N74  13868 

CATALVSIB 

CaIAItK  AudACA  aHacIa  on  lhA"yiOCOi4>IA  comOukl^Vk 
gd«  ttmpAaAluat  mAAAu'tn- Anif  in  j#l  ffi-gtrAk 

c02S7  N71  17379 

CATAPk.-a.TB 

CAtAOa'I  CfCtAya  Ip'  lAiji'-h-ng  AutOmoCMiAV  A.-.d  i<Tp*<l 

«taiiti«k  pO103  S77  I9IS3 

f kVIllfS 

Sound  IiaIo  goaiAiAliOn  by  |a|r  .^aiiC  How  &v#a  pAalO'IIAd 

AuHac  a linA'k  m wnd  lynn*lA  pOO  14  N72  1 1 8 7ft 

CENTRAL  EUCTRONlC  MANAGEMENT  SYSTEM 

0«cign  pi  A'lc  Afl  diQilAl  AvklA-kk  fO-  AviomAlaa-  High' 
«.ont#oi  p02B'  S73  23900 

Hyar-an  lACtOrk  i-  alAk  O'*  ol  A-i:iaH  ' ' f f'  - mon  Ion-  g 

t <d  A'llumaiic  !A'»d  a-g  kvslen.  ly  low  waam  • ■ opA-A’  0--n 

p028i  N?3  23901 

central  nervous  SYSTEM 

Sfi  ngomyAliA  m CAnirAI  nAivoov  kyklAm  AlfAclang  l<r»g 

*.in«»k  p0063  M73  23v36i 

CENTRAL  nervous  SYSTEM  DEPRESSANTS 

Al(.nhOI  iAl#-#<'i.A  d Ip-  p'Ada-  I rg  d'uy  fT-oO'lu-A 

tiOUk  ol  CAhl'A'  nA"V0uk  k>sl#m  A'l'filv  AaxJ  pi‘Ot  pA'tO'm 

AXA  dAC'AAke  t*006  1 M 73  2 1 1 12 

CENTRAL  NEPVOUS  SYSTEM  STIMULANTS 

H^ihiih  ymyk  ny  aII«i.’s  pn  hi-/r  fn  oiygAn  cyrvjrr.plon 
dy.-*ng  pdfk-fA'  kl'Fkk  Ann  y#!#  .|i.,ing  Ab-My 

p006l  N 73  2 I lift 

CERAMICS 

ft'OPOnaA)  And  VAlAClivA  APPl-ZAIionk  ol  Ct'Ami'.  mAlA'i 
AIA  P020S  N71  2 7041 

CEREBRUM 

Inf.e-'.e  pi  A!1!.Je  A-  .1  d -»V  O"  ■«*Ab'A'  Cl"!  I'JIaOr 
an  ympk  Ai  > A<kd  akOn  kmok«'  » pOOft?  N 7 3 2 ' I 26 

FaI-AI  CA-ebaAl  nypOta  Allf-tlk  i'  plOlk  AS  (AiakA  ol 
hypoi-A  •rcidAa.lv  1:0086  *4  7 4 18786 

CERTIFICATION 

CAa/TAn  A'-  FoifA  AiPA'iAncAk  w'h  cAdA--'  CMIA--A  fpa 
g#An|ing  4 wA'vA'  pOOS  7 N74  I *>806 

CHANNEL  CAPACITY 

Fatgutncv  eg;  i Al«  I iCa-  m go  vy  i A an  *nt  v yo  m-jl|ipAlh 

iiPOOkphA'aC  KAIIt'  paopAgAliOn  pOl'9  N7l  2346ft 
im.pylwk  <AkPOnkat  mAAk-.i'AmAr.|%  Ard  'AdO  lAll  ' ni  lp> 
AfA.'uAimg  1'OpOkphA'aC  V'-AllA'  p'nppgt I *0'.  <h«iin#l 

.APACiiy  oOl  19  S7  I 234fti- 

CHANNELS  (DATA  TRANSMISSION) 

lAAkipililf  «av«lrkik  Ol  pAi.aiAl  vwilchiayg  nelwC-ks  tpi 

aensoiA  ACCA's  compuiia-Q  kyMA^ik  pOlfte  N72  22  1 7 i 
D#g-IAl  rympulA'  lAcbnig^iAl  ly  l.ltAa.ng  t-kd  I- AnimiVkiCn 
ol  ieiA';omiTkw*i;*iion  d#iA  p0 1 3 1 N73  1019? 

6aif)‘  papl.Abililf  And  hAnOwidllk  AlliCWnCf  la.  iigilfl 
lifisy  rr  ivk^n  chAa-nAl  pO  I 3 1 N73  1QI93 

OpA’AliOnAI  p«ilO'm#r,.  e j#-.1  | < f r. yir.->k  On  rTkA«ku'« 

mAnis  o.-S  wO'IdwivJe  OelAnvt  Co'nn.;jt.<#1iOn»  SySIAm 
IIAIWO  k P0i33  N73  10208 

CHARACTER  RECOGNITION 

Applying  |.-i.'  n-.q  . Ocrvk  lO  -n^un  o'  MA' h Andwh-lA 
dolk  *oa  niamvaai  apr  i>Q;..|i#kn  p01ft3  N72  I 1 193 

CHARACTERISTICS 

OfAg  And  SApA'AliOn  AlfA'Iy  O*  kApA'AIAd  KoW  on 

AA'OOyntmic  rl-#g  l»00?0  N'4  1472? 

CHECKOUT 

Analfiik  nl  iii-a'iiii  A'»d  co-n  ara  Aasdy  vjhkykimi  fyi 
ol'Ackiaul  And  • ili,A  ;t  O'"  <al  tUROPA  3 'A  v'-  • v0l-'r  I'. 

1.0191  S72  19490 

Apt  ' #liOi  ol  r-gilA-'  . oir»p-<InV  *0  Ao'0'“  AI**:  ••'•■-■0 

A^o  dati  piO'.AtS-“g  ilija.rg  ChA'koi.'  ol  kAIA'I'IAk 

f.0193  N72  ISftOa 

CHEMICAL  ANALYSIS 

U'lnalyk.k  mairavOotavg  a lo*  <1i*l*t1'ni  o*  »f>vkivr  and 

IBiyt  -logy  - man  pOOB  * M7??11l7 

0>  o'.'Aio-j'Apf  ' and  |n#ia‘r  j at»f''  ‘n#trpd»  in-  dm 

r-'in-nn  J ■r«a,tiotir  IPkAlV  hfpnolK  d'-iqk  m li'uod  f'Akn.a 

and  -ana  y ol  -nan  |i'J08  1 N 7 3 2 I 1 1 0 

A a?T»  ana'ala;  a'  !••-  ni  . |i>fl  ?(i«  . -.-j-jV  NCJ  d#lr  l^i- 

..  |1  . angp  i-jr.  r#  I tf,  *^XI0  PP*4  |,0?«8  ff74  ' 4200 
f ; la.'  - •»'AI:oa'.  .n  I , v*  'C  h "An  *%  A k’u'1/  ol  11  r if.l'-)P---.  p 
111  ir#  h,d  VB  ?:«  - kl.ufli.ip  C.0219  N74  14207 

chemical  composition 

Jpl  li  el  kpa-  li' A'-O'-k  a ; t -y  a-.'|  - -y  I 8 Lib" 

i;J2ft  *.  ‘2  ■ ‘6!. 9 

rr.aBV.-'P  ajl  n.:ro'  ' ^i • k ti I u«r • % I'l  fP  V’‘  ' Jkpha*.- 

CV  <>0?1  a N74  I42P8 

CHEMICAL  PftOP'RtlEB 

Pn.I  P't.lkk  8 1 VB'P  li  A Jft.1  - 8-  >#•■.  ol  ir»'  • i.VPI’  J 8 I 

!•  B-.-tinfasl--  ;«P/a,.p.,  .*47  1 2704? 


A 16 


SUBJCCT  \MDtX 


Th«  o*  ■■■i' 

<;o<'t>0<  O*  hvoogivf 


0'»Cut*«Ort  O'  ••fC'ftl  • *«3  to  •nc'i-d# 

prod^At*'  •nj'YV*  lOltnig  •i>0  «4KX> 

(AGARD  AA  44|  pC3%^  N»?  J »«'  ' 

4''d  'T^^•o■v•  p'CH»4'7  .»0»4'  94  V 

.0'Tipon*"l»  pOJOJ  N33  73600 

CMIMlCAL  Nf  ACTIONS 

C((4Clt  ol  4'V3  t«K*  'r*'»  •!»  O'  »l'4»» 

<0"OMQ''-  C'ACl'*'*:  m 4lV0vt  pO?06  N72  7 ’^' 

O***  TWO  0 c<H4  »o*  aoArf  r »g  «xci*a  f*'-i  '•y 

4fvj  Ov'nin^  o*  t04«>4l  *»'44'^»  [O  ' 8 3 N73  ' 7J^i 

07  toirtmoo  j)O?01  N73  23807 

A«*ci^  0<  o/ofl*  wtA  fif<0®4o  o»*«J»4  •« 

pO?U  S74  U274 

CHfMlCAl  TCt^B 

H>  T»4i4<rT.if.inQ  titood  •'cohnt  **•-•••^ 

f,O0«7  N73  2113* 

CHSMOTHINAAT 

0<ug  ih«>Ar  f *W*ct*  0«-‘  #«vl  pir^fVM 

ott-sim:  litn4vt  o'  p*tw>f»T'4<  jO080  N73  2 ' '03 

Ot4Tno'lT«'HTY  to*  *•'  f*wi  rfi  G'**l  8"l4<n 

pooeo  N7  J 7 I tob 

IH**  t»  o'  rvjtr**>  i or*  f I •'^  <’••'9 

♦,*v4«-o  pOO«7  N73  ?l*'3 

^wi40>'  If  o'  • »»<j'  f'  d4p4i'-d*nr  <1  <1  o • d‘«g 
d>«b4i>o  <'4*  g4i*o«  p«<\oi  ' ♦<  pOO0?  N 7 3 7 ' * 70 

O'  >g  on  VIVD>'  o* 

p008?  S 73  7 ' 121 

I'-gT'’  V4'«tt  '*•  tO«%  • '■  P'»%^  n&'Og  l■4n•J.J  I f.ng 

p4<MJ''-n*'  p006?  N 7 3 2 ' •73 

VlcnAgan,*.  I ■ g<«u..uni4  • • *'  'S  'O  C»o&  '» 

t,0O«6  N74  '3799 
,n  •«  jliO”  •'.•d-  ••♦ 
in 

p008  7 N74  130‘>« 

CHIAP  BICl'Al.S 

Ado*  ' *'  on  o'  T''  0 *•  vd-vU:  O • '<j  "no'Mnf  *vn 

o'  S4t4ii'l4  lo  4i<i.  ‘471  '^ui'irri.  •-  V *1*0  ■ pO  '9*  N72  19*>'* 

CHiOAlOIS 

Sw''.*'  UKt'.  - ••  d IJ4N  !■ 

p020;  S7  3 736 'u 

CHNOMIUM 

A'lt1‘1*0  • *..  I j n 0»  Jl.ifTiO-j'^  <0  ''••[••US*  0*“j4*  O ' 

<ev^*4'-c4  o'  •'  • •‘VI  .,oei4H  #iio»N  pOJ(  3 N.'3  736=  i 

CHROMIUM  AilO.S 

*«•<:»  o Oi  K-  d-KW  »•>•"  • '•'  ♦4'"'  T' 

Ol'Tt4l-on  V Z<  (''ll  Al  f.unlioi'^  4I‘0«^ 

r07n?  S 7 3 736.38 

CHROMIUM  OKIOCS 

'»4po»>/4'00  .n4  mo1»ft4  t»i--. i o<  (.*403  f>-'iC4M.»f  w#'e\ 

j'.'W  '‘'TW  ' o.  d'i'O'' ' p0?07  N 7 3 / 360  7 

CIRCUIT  80AR06 

Cort'pgi*'  i-deO  d4«'g"  rt*  p .niod  c - o-» 

b,,4-.j,  p0168  S 74  13934 

OiiliTTMong  4iiM>TT-4li-  l>4<«'  g o'  ^a'llT 

pOi68  N 74  1 39  S 

A ptfjr#!  p'  I'l^d  ci'<.v'!  b>j4'd  dts.g''  s»»'4.’'i 

tO'68  N74  13936 

CIRCUIT  0IA0RAM8 

SI.JigtA  An  n;«<)<4ied  ^v^cn.i-  .*  .ofny.,1#'  4 .W3 

- 0'*'p(»«  -■•lU'i  pi'31fi8N74  11937 

CIRCUIT  RCilABlUrr 

9«li4t)i.l,  <ei4T«d  10  <0«pol4'  4 md  ..■• -J-I  A 

..V  » ••«*  pOl^‘y  N74  139C79 

4"d  ■OfT'-P'.'*'  4- 1-  gn 

pO-LS  S74  <3910 

Compvl*.  4i‘i4«1  rtf '.gn  lo'  '^at‘nr»jn'.  l-o-''-  t 4-  1 

O'  n*#tinii>iT»  ifi-i'i-lil  ^ pO  I 6^1  6*  74  1 39  1 ' 

CIRCUITS 

Thf  Jfft'inq  y'  CACA  !•-  0*nm«-k  ^169  N74  I39-07 
'■^'np.jlf.  4>d«<1  Ijl  «'•'  I on  < fin  I 4" 

n.*..rnn«  00167  N74  * 3979 

iMAO  2 {‘f'l  OOi.  * .i.»'4l'On' 

poif 7 S74  13A2  r 

thf  NASA  ■ n-r.pjlf  firteH  ilfnW  f*l  '»'* 

p0i68  N74  1 393  1 

Civil  AVIAT  ON 

VVffihf.  ••Cl'm  •■  J|  f ivii  w*.*^oon  'fh  a 

iKXl30  N 7 1 7343  i 
O'vg  V ■«•'•  ••  y rtfia  'j-  o»  ' 4»  jon-.  p*i\i.nn*i  .phi*  ..#.1 
i„  ...  n*iy»**  poceo  N73  7 5 '04 

$'41ijT  4'  rt  t‘f  rt^  Ol  9 HiH  ‘ '^□••l  o'  »y  vn.nv  *-  ,( 

rt4v«'<»p'n«i  I ol  4ulOf^4iert  '-fl'AO-k  fo  n Hgh| 

»*i*,,  pO:33  N73  23696 

Cl  M AIRCHA4T 

A#'ortvn*pT»tP  ' n*/fi  (fo9l»  « ul  CV  84  1 i|  ^lOy  V ftfCJi. 

1*11  *nd  >U'<04-''U>  «>•<'■  hfnrtlf-y  . •|4'-4 

rto<  pfVt J0  N/7  37073 

Hiyni  i*M  4-- I rta>-<atf'-  ■>'  Cl  04  c-.i  nr-ng  V S'Ol 

• ■n  n-ll*  9pl'''  'n  ^|>»til--.  n-.lil*  , lOlfS 

pOO  ^4  N73  7 7fX) ' 

CU4R  AIR  TUROUKNCf 


ClIMATOlOQV 

0. 'T'«lcH.>yv  And  almotp^A'p^.  ••l»4CTf>n  PnnftfK  »«• 

W«7rtrtwrt4  ■•<*«  *4*4  O'OOapAtPOn  pTlMA  »‘l  7141? 

Ilalipn  tt^'.T\4l  f OnA<«on|  w.€4t4«4l4>4^  IrttA'AIVr  4 

4fWj  giythoi^KH  P4rto.fT»40c*  o*  Rt>t^ 

pOO«4  N73  t >086 

CliMfIVQ  SllOHl 

D4>«*opm«nt  Ol  mothortb  IO>  4*r  <46  NgM 

mAPOv/V*'  4*M)  C'-'np  porto'iVIAn*  • lo  t*kpw  aRO.  Ik.  o*  4«4«t 
XMf#'  aoS  luAd  l4«.io.  pOOSl  N73  74049 

Nijn-oiK  J'  4n4lyV*  O*  »n-n»»T'v*pti  lima  ch'ntipnp  p'txOdy'f 
n-  -..-...fn  K •'  t i.n  h np  p.f>«  *<Ki*f  •»*  Ivp^Al  • 

p0063  N73  24067 

ClINlCAl  MCO'CINI 

0-nv:4l  CAoM^  *0*  pO'fAA.Anl  pPOtpOf^op  ol  B**!  »• 

naai  , p0096  N77  ‘A092 

0>n<  t 4uM»  Ici-  pO*  f*'-4noh>  g<Own.)*ng  ol  G«-« 
iQPTOk  Wyng  04*W>nn#i  p0096  N77  1409' 

Cl-npv  A <Tl»«nw*K»i.  • •o'V  t.4yv*n«;  VA'^n- 

•nr^mo  Ai.Vv.ty  .n  ttvao  «h4p  C***h  AfCM^AOIv 
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8ow  oo  coropiassor  slat  CKO03S  7 1 193  7<> 

£ M«CH  c'  bC"orJ8'V  la,e-  floyy  paM®'-'V  on  -.ipj-ytM  . aw.a<l« 
bad®  p«-to--nan-;®  p0269  s73  19803 

f M«ci  <;•  at  v«i<x  '-f  'ti.o  r.-.  a*-c'«T*-a'».  c . 

ol  coiTio;®av;-  castad®  •■>  . •^.o  iv  •!'>»yp0263  N*3  19804 
PedC'n-a^ca  a*d  la*  yue  jl  co-np  ®^so-  bia-'es 

tac»-<aied  i:or\  ca-bco  i be  aoj  do-c'  --ofn 

PO'  le  wce^  00>  1 3 N7D  2 . 49tj 

co74pA(sson$ 

Velocity  di^n  h^t-on  '^ea^J»e'T^en■  c?  s .h'.o-'i  c atisyf*'"*'® 
t . ir-lei  ly-  ion ptesvr-  roaii t-  og  o0267  S72  1t"7‘4 
Pe'io'tT-a-'ce  ac-d  enoj-  r.;*  oi  i:yt:'.p-e%%c'  i s»-,  bcci-  i 
ft  iti  rxo'o»  ';o''S''-'>''te  «■'«%  oO?  13  7 3 2 7493 

vtyd>ai-i . co~-p««»sc»  w r<i  tu-.-.e.  pO ' 74  S74  16992 

COMPUTER  DESIGN 

Uvny  (.ei^i^'a*  ijflic  lo  pare-.'  'ecoyi-l-on 

i)0'54  S72  1 1 '98 
Ha'Oieia-*?  o'oai-icai'oo  an-1  lyite.-r.  d«*>  qn  ©•  pndan.-e 
a -iccr.ito  'oirovi®'*  o0'55  N72  2*2M 

Aeto^pa-'e  to  ‘pj«  ‘ •p'vi  *u’Fui  •ecbr'  *,'jei  lo'  coo'-i 
•'aiiun  in  davgt  o7»»e  ol  iMeiiici*-?  e<:'j  ptueni 

dO’56  N72  2 019 

‘7®'«a'<i‘  a;t  jl  e'e;:  o'<<  :at>o*a'c  > m lave'nci 

Tern  o*  I'-e  t ai  a«  <jai  o vys;e<T>A  ic  'o-:i.3«  ary  :*i*--'-^ 
•o'  ^p4C«  nijiipi's  ard  tOf-rye  ca'  a«'aiiO" 

P022  7 N73  20686 

Sy$ia<T4  de4'9  > lo-'  &pa<:«0O'r.«  torr.y„|«.  eryraei.'g 
t^odyie  C-0280  N73  23834 

coMr'jTCP  graphics 

l•4•g'a:eJ  p-epoce-<t>  :.g  'o-  ''■?  ei'a-tcy”  •'■ 

bi-ya'f  p0»5j  N?2  I 1 '32 

Apply  og  |h  ••  rg  P'0-;e^y  | -j  i>at‘ii  ol  b«a«.«  a - .1  wN  i® 
dou  lo'  njfT®  ^1  (f'ogi  -ton  pO'bD  N?2  H'33 

Signal  I'aif'is  a.-o  .jn-pjie*  g«ai'*  :s  *y  ^-j-a'  cUs 
jii  .*ai*on  vy^iems  p0154N72  ii20'* 

l•lle■v<''■<e  y'apn  ■.  !®«.f-nio j®\  i©-  fia-  d cy  pi.n^  a<  >J.»ia 

a-..i  apo' •:  anot  y to  pan#'.-  •etogn.i  fy-  a«d  a<i‘i  lai 
•>teiiig«r.  e oOI$4H72  1l2C3 

Oaiacii-  j bo  1'  da'  ts  ul  oo,eci^  m g ay  p . (u'«y 

pOit-3  N72  '1205 
P-'OC'e  i“-  iolyi'ig  us-'g  n-an  n a--i  ir.te  a ngo  lo* 
pane' It  •e.oy'  -i  o-y  Pi  iroa-f.  : p Co-  a*  I'lioi -raiion 

pOifb  N72  1 1206 

^lyb' d -.ba'a- lei  gaoeijic-' coo.b.i  og  a i 

Li'sa.oj^  o'oced.-'#  lo'  afyih/opoiecb** -.a;  « aioaiio"  «;• 
nieyaie-i  di<kpl|,s  p0224  N7?  22628 

A-i  e»c  <ing  0(/«fai-vi‘ai  ion.pui®-  a>de'i  o«y  on  »>sle-*y 
.jy-iig  h yh  'afai  g-apti  '.»••  langgapepO  *67  S74  13929 
A cofTy^otf  co'i|ic>iat'a  »i‘ia1icAe  !a"T-iia! 

p0'60  N74  16930 
A >n^ea/rO  ysO'hei  ^ >i®>y  on  He  lytJ-®  O*  yt/icnji.- 

• eadi.ig  -^ac^mBs  pOI6i  N?4  16939 

COMPUTER  PROGRAMMING 

U -rontcj.reH  (ni-yitvia;  c'»  loun  . aiO'  y o'  • O snai'i®  I 
p-oNe-Ty  ar.d  p®'-a.iy  I jnci  (/'is  p02b4  N7i  20134 

Agtomai-c  oyed'cal  diaj'itjyy  >Ji''g  npnpa-anyei' i 
yen-jeni'a"  peiiem  clay«iliceii-:i  > p ored-i  e^ 

pOi52  N72  1'  104 
P'og  aT-niir-g  ha'flctancii: t of  -otu'e  guidance  and 
<o'iiol  cPT-pjte  5 pQl56  N72  ri7'6 

Uaia  'rti'id  ‘ongiit  to-iy-d*:®!  coy  i.i'  aeioypace  ‘ s^ny,-.,;®' 

imcl®m«niai^>  y loobia:-  >ei|-ii>«<1  i:ie':iyn*)0  le»eU 

pO'56  N 72  2'2'  7 
Analog  Of'  pule*  p-oy'diry  fo'  analy'iy  of  eiian^el 
oiect.cKa'diog'aphii:  m;,  iio  i .g  pO074  N72  25053 

COMPUTER  PROGRAMS 

Coirtp-.l®.  piogiairy  lo'  deieirrmi'-o  fjyv  ®®<j  lOiede'en ; a 
e''ecti  of  f’ovy  lield'  aboul  a-L-i|ia>>  '.xx!  ey  by  %u;>«'|Xis 
1 O"  p0O05  .V7  1 193  7 7 

Coircjie  lied  pieaKl  on  o'  I d»»i  iieid  ■'■•le-leie  i«.e  ‘on  <y 
and  T.o-r,nta  o'l  a -t'afi  4'o-e^  ai  yjbcor  c ao«*ds 

:0006  N7 1 19385 
Conypiiiei  p'ogiao"'  'o'  evaiuaiif-,  »-jbVjn-  lio«y  ove-' 
yy-ng  i#  ' yy  ingy  yyilA  folded  « O'  T la  s ai  d <<u  ifo'n  la  i 
»g  facet  tO009N7«  2934' 

Ccr»ypiii»t'  p'ogiao'a  lo»  <:a'‘u'»iicg  •■do  ca  oelfi.  en: 
of  ■AiOQ  ho'i/omai  la.i  and  fio  ho'ifooiai  la-i  ov-'  aii**©  • 

• obvin  . ‘low  pOOC9  NM  29  34/ 

Ouetiion  aotwa'i''g  trtien>0£L£l'o'a-'ioiTtaii'  gene  a 
lio'i  ol  ptog  ania  lo  eip-ets  »®-o»--cc  cq-' j i ol  f ng  .>h.  i y® 
y®>y|«nc«y  ,n  pi'v.edu'a'  -o|®; rt.edi 8'®  la''gi>ag« 

PO151  N72  11177 

■'»»oa'a'.yo  and  c^ec»ol,!  o*  cofyrui*'  p oyaiy'  lo- 
iifri  co~'-o  ol  a*'onpa-:e  vefii'iat  yC ' *!  5 N 7 2 2 * 2 1 5 


Ai.aiytiy  ui  fT.et*tods  lu*  p-ed'ci-r-g  a-'ciaR  pe<i(v.^a--i  e 
a td  •eron'.fT'.eiHiaiiuri^  lo*  lon  p^ie>  p ogtaf^-t  to  p-os  de 
acc..-aie  p-edciio:-  capat-n-iv  i>0040  N72  32036 

Sy-iieo.v  <!e^-g  fc*  ytaceCyu-xe  «.o-npui®. 

<n. -v,  ® yO20O  N73  23094 

Con-puiei  p-oo  id-y  •«!  ana.y/mg  ot>IKaf  ^ ape-i-ey  cJ 
^ea  e.a;ei  p0243  N73  33630 

C<:-  te»i  igads  tech 'c'ogy  fo-  *y«i  c<->pie<  tort.'-y  Uated 
on  'oto*  ‘oadt  conypuie  p-og'ani  >oi  deie-m.OiOQ  fai«g<ie 
devg-  loadt  p0056  N74  10970 

A . c*>-p  >ie>  itiyg  ao--  lO'  ai-aiy4<ng  wayegc- <1®  aii..< 
lii'ey  p0l66N74  <3919 

W c-OAcy®  ci'i. -I't  aoaiyyiy  by  dg  :ai  coirpuiei 

t>0i66  N74  1 3922 
A i>..-ru«  lai  rede'  ol  T£C  c-ya-  lb®  Mediie  >erea>'  a‘®a 
p0lB7  N74  14G86 

COMPUTER  storage  DEVICES 

O-gii®'  liiie'io'y  pioceyJxjiei  lo*  I -«  icnayas  «y  lb  p'a*> 
pot-t>oi>  «iH.^*!0'i  pOl55  N72  I l'*04 

A®-r.tpe'®  co*y‘p«-l®*  n.®noty  i*cb.-r,i<>gy  anJ  api^  r.a;  »• 
of  pa-tiCtjIa*  tec6n«4viav  to  va'Mot  VyMecb  leciJMCcnenlt 

pOi56  N72  212'3 

COMPU  CR  SYSTEMS  DESIGN 

S#iiai  dgtiai  data  b-ji  to--  iniag-aied  ay  vtic>  sytiem 
loie  *jce  pO20:  N7J  239C2 

COMPUTER  SYSTEMS  PROGRAMS 

t «'®c<  ® » <o-*>y|>  le-  ia«»y*idg®  'j»  -•»j«  l•-■.r  y«m.  lai  o*--  < ' 

p'oeesy  to->t'oi  lO 'aig®  ytsi«<*-s  t0279  N73  23892 
COMPUT*R  TECHNIQUES 

Co  ■‘p-ji®-  aided  • .p*j*  «*i  g-as-®«.»  -iifn-iraiio  o"  ■'  i*®c*-.  ■:  a- 
tl*g<;s.*es  by  keyl-oj'd -ig  i.*td®  *iy  ij  -^ooHol  o>  C-tp  ay 
day  ® I Df57  N’2  22  i 7C 

0®y  g • an-1  ope-aociy  ol  con-— ;ai'Ooy  c,si«n*  ..i.'-/  • <• 
CO-'-;.*  >1®-  iv„*p.»*  o-t  n-.;«>Min.  .e  ‘u*  apy  rain>«*  i-j 

<oiT-*y#f  ai  'jtga  i/a'-oo  pOlSb  N 7 2 J 2 1 7 ) 

Axiio-nai'-.  ana'iMN  of  ECO  «:  -t-s-  d.-  g ani  aii®- 
ei4'f 'se  won  two  so-»-y..i«<  y,»i®n  y pOO?3  N72  2505? 

Oo to**i»-j:®-  I®  f-i;iiai(ii  loi  ®«a'.iai'"*:j  *»-r<--(ioa*v- 
e-nr®  image r ®>yto-  ai9C-dii^  t pO'31  N73  '.0-9* 
fi®a-  iim®  co'»'p.ii®.-Hed  message  sw-tebng  a»-d  .lata 

1 canyi-iiy  o '•  ty<l®-»iS  fo*  '•l.ia'V  r at  •><•%  I®* 

1.0'33  N73  10206 

A .1  r.a*®d  lesb'  Kai  .n  i 'c-  o-.hta-i  co- 
lour- .•  JOS  la-.  1*0113  N71  10207 

.®;  >p  yy®i-i  of  e..-i',:;t.aied  a • -aiii  .;«..-oi  \ ,>i®  i.  -jvi-  y 
c.o  I ; *i;a-  le:  1 -•  i;  .®y  p ov  I ign*  \a>i  > lu*  ••  • leayB-r 
a ' l a-i  1.0232  N73  23®>3? 

At  »lyM\  «•!  .iV®tfa<e  f»elw®®*-  Ccn!»ol:e  a*  cl  sun>p*ule 
lo  ai  ioe<ac®<i  a>*  •*af*-.  •,-i!*-.i  s,Mt*»»p0235  S7  ) 237  15 
Ei®st*o«.*  cocr-f*  .le*  .-*o-;eyNi9  of  daia  Mo*ed  •--•  data 
t>*  p0»5d  N7'y  >42  »2 

A-  op-i--felio  t®.  - g-i*  !<  « 

pa.'aci  ete  s .i®-a*  y®  oirt  n*®-  n>®ii  oo 

p0»66  S74  *3915 
1.  • ®a-  !*a  •-•sl  '>*  11  odels  H*  - <.*«<><V  ana'.yit  A*fao-*bn 
Oetyyeen  *-®as  re  Tie-  l»  a“‘»  a e-ySis  t.|  co  • p l«i 

o0166  N74  13916 
i'B  ci«.  lowa  *1*-  Nia*i'i  >.-l-/ed  s^riiwa-e  a i n*  **e»a-e  I • 
leyi  vitieins  6j  •1'.- p-o- ess  ..)•*%  .jie  wii»-  te'la-  ® 
o“*i  a«.d  'O-.i  pe  lyiie-^'s  i>0;  35  H74  »435i 

New  dey®  up*"**;  aa®  ®t  le  «a»  a*rl<l.-.y®*i  <-.at-«n 

ol  a‘y*uifia- e -*>10  • a' «• 

lACAHO  ( p I 36!  110559  N74  1692‘- 

A >cii|'  -I®*  ; •-•1.1*1-  e 1 •♦.wi.  i*  -de*  i.g  y,yem  l<*. 
•e.b  < ai  ®t-o*i'.  •<-  *be  --b-a'i  ol  Ar**«n  8es«e*.--t 

Ast*- '.a* -rv-  l.-*  lO- 1 Ii0»59  N74  i$9?6 

A*  0^p»;a  i*.l.;>e*ai- \e-.  es  P gg  ®vv  w-lh  II-® 

( S^O  £ lOO  to*“p  M®'*/®  I • •!-  •*  ai*i»'*  *-e:w.vl 

pOitO  n74  '6928 
I' B i<  *e  ul  C5H  *t  •<  lo  ina' u'  .-esea**®-  and  deveiuii 
ftr.i  , nifo  n74  :6929 

C-.-«e-»i  ASiiB  <es®a-:  »•  on  -iB.i-aniser 

p0'60  N74  16930 

M •:*jli'n.  ard  -®p-09*ar'-i  s.y®ms  /.  si««v  u»  ■;« 
«eyi®w  1-0160  N74  1693? 

H®  I cl®  l•a-■'•y*'•-yy-o*•  a*  1 aui-.mai®  1 eit  ®va  i®i* 

3i-«y  tfOieO  N74  16973 

F-  '-leva'  ol  *T  • ((jIkI  e p«-  K»-r-  *<-  Bsy 

tn)160  N74  16934 
A T-iiofiOe  y^sient  lo*  vryji  -f%e->p0160  -N74  16935 
Alistiacis  o*y  -o  (iol-:7  ® lo*  o - :i  -e  iei*i®«ai 

pOI6'  N74  16937 
A (baoge  I aeio*-®  *' c\  p0'61  N74  *6939 

A •*v'»-ai®d  • yyiag**-- ly  ^••a.ss  o*-  '•••♦  *-•— put** 

1®r  b*y  ,|ue  lO’  «*e  dale  fMOr»iS-r  g pOl  *0  N74  20751 
Pes«i-.b  wu'h  a*-«P  * ovii  she  *oi®  of  data  p*r'«yy«  ^ 

.n  «icc>al|  p<CMi-t  loo  p0305  N74  2161  7 

COMPUTERIZED  DESIGN 

Ccyinpi<?e*i/ad  opt  «o./aiiit  ol  l■•-el•»'a'  *av'ia*ii  gas 
l-u'ti  li*  rVades  1-0760  N7i  i 7400 

Co'- pule -i/ed  p»®.1m  |Mif  of  ae«i.xty  nan-n  1*6  -ig  ' ^a*•'■  *®' 
iii“:y  ly  w -ig  f-r  •.oi.:ai  ia-i  ® i ; *•  a d v.  -y  m.l.g-.f® 

(NASA  TM  X 66006)  1.0007  N7l  19361 

Mal'iem a*  cfi  p’og-#**!*!'!  g apnted  i » 

ae  ospaca  yi- .clu*a’ <1et  gii  a'go'iibeu  •ori\  app*  < aly-ns 
a'-d  ■•l••al•••-e  *e«  ew 

I • C * "O  »«9  » »'  emm  N7l  70170 

0as.-  ri:«i  *pl^  cl  nsalhemal  i_e*  |--(igta*Tsmifg  apf  ' ® 1 
lo  ai  .lesig'-  r.'  a®-otpa  e veh  -'et 

pO203  N7  1 70579 

Assess**!**  I *jl  l•.•a^  ;«s  j.  v-y  I'.soi*'- . -•  *o**  I®** '-a 

w cT-t  a If  ® d Sl'Milu'-t  a*i»:fSiS  wiif  •II  aii;  a* 

p-og  «M-m.Tg  p*U703  N/l  70130 


Maihflcrtaiira'  I'log  anycjurig  app*'c aiiO'-s  to  su>iio*ai 
det'fl"  ept-r- cau>i  i.ie-aiui®  leview  «>0283  N71  ?Oi32 

Gin-p.,le:  (,  og  -S  • y '<v  Op---i  m least  ysei^hl  0«S  ^ 
oic*f»'(>iei  e'as:  ' -leiosi)®- e si--..,  iu>®s 

1.0284  %7  1 :C  36 
Conii-u'en/e  1 des  ji.  ri  st  de -®d  t,i--di.ai  s'-e's  a.vl 
aWaiiisg  comr.cs.ic  f ®ai  •■ll■e'd  j-0264  N7l  2C  i 3 7 

Cjmpjle-  a'-d  o;:t  cn  i®-h*  iu-ies  i-.  a-M.-afi  des 
'J*’  0^285  N7l  2-214-0 

Co-s.pL-f®-  ;ed  de  ..g.i  ol  l.qM®  • a.'c 'alt  sock p-'  e'e..  Non-c 
i.o*-.;<*g  sysiei-i  sons,  leiii.j  a.*  :t.acb.-.e  le  a.tci- 

t;328l  717  3 23905 
Pa  -«c  ei  ..  a*-d  ug|imi;ai  If  .’n*. dues  Ijr  a •••  'aft  -l®s-gi- 

S»’-iri®s  s lo '*  •*»  (>i  • . pail. res  o*  'aia  I'-JW  ir*- -^ompo -®n; 
deveiep '>e*>'  pc053  f»73  24049 

Corr.y  jIbi  j -VO  <1C S-g-‘  1.1.  ® :-C-i  . -.i<Cu  Is  ■ iS  ll® 

**•<* 


lAGARO  CP  1301  pO-55  974  ’3906 

Th®  tea- K :-g  yl  '.ACA  I -.  0®  • r.a-»  r3'65‘«24  ’jD*?? 
Ec3- omits  ol  CAD  Arewapp'oacb 

p0l65  N74  '3908 
Peiiao-<i|«  -e  *:e  I to  *-o‘*-pwl®  a-d«<l  c levg-  A 

use's  sew  {.0165  974  13909 

Pe'  s’.'  I-: , j -d  • ~i;;  j!*'-  a.  Jed  .les  g 

; jl65  N74  '.jg-.O 
Coii.y.d®.  --.ided  lies • ji'--.  • p-.,  ' • i o .-®  * 

o*  ma,.  n.,o  e..jb  I I,  t.y  165  N 74  • 39  • • 

O;-;  r "I®-  1 wd  -1®S  ^ - co-ce.fs  i:0  1 65  N 74  13912 

7*ai-s-stc  uiva'enis  'i-eih-c-l  lu  III  i<  ie-«  ®<|u.i a ®-c 

ti'Cucs  ol  ^ • ai'O- a' a *^;ii-'i<'s  a --d  b p.:ia  ia-*siyi-i*, 

r-0165  N7d  ilgM 

State  ol  a-!  a.-d  lutui®  t-ei-ds  o!  co(i-_-'jie*  a.  lf-t  'l®s  g - 
ol  n -riowa.®  le’eqia  #-l  . - .-j.is  (-3156  **74  13910 

Co  -yule- <.pl  n.isai-or.  *.'l  -r.'*owayr  nip^  ai«d 
t*ey*gi'  1.0  <e6  *1  .'4  ' 3920 

-OaP  iO-sii  but-o".  Analysis  P'c,  a**  A p-og-a***  'j- 
ii.e  a*>a-yk  s a*d  des  -j  - ol  -n.tin.yaye  * rju  t' 

P-3166  S74  139?  • 
Syihes.s  o'  paysiy®  I M®*'  w.i5  .nl-t-ie  a'le ma'.-O”  p*>i  -is 
•eai-f*-!  with  weak  • -.ise  co-'  f'.''  «>  1 v ac p’l^.j  ii>  rt-gn  ,'eg*pe 
C®'»®  Mie«s  { 2I67  S74  13973 

Cc**--;i  *i®‘  desigi'  *jl  eg. .a'  n.'i.le  ®gii«'i/a:.T 

i.0'6’  N74  I 392A 
O^n-yoie  a d®d  a’sa’yi-'-  pi  e'eccio.-.  .*  c.  <-..'s  o-»  a sna-i 

••  As'h,  e I-Olf.7  N?4  13925 

St-  :.iv  ® 41  .1  a:-fii‘- ®1’>*  ol  l O-Tip.!’®  p'.)i;-a  - 1CA.S 
inieg.aie-d  •.•--..i  ACa-asss  p0167  7|74  '3926 

Cc“  puia  dried  des-gn  a<‘-4-yyis  ol  •TOde-'*--  ia-§®  vi-ae 
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i.O<>06  N 7 ' '9386 

|(.-.i.ai  fval'iAI-ur  'll  I tli>--4  IiOrty  s’oia  1 ).iliq  1.  S'-.OI.S 
I"'  -a-'-iB  ^'■g‘•l  fl-Ag  a-irt  stOa-»l'*"'  f 6#rana..\|..  s 

I.VOB  N7'  '9106 
Siai.-.i  • #1  p-prt.r  I.  ,11  qI  aii»-ii4:  mu'»  sapa-al  o 4-i<. 
(ai.si  s liym  a.  .ah  i.C-X>6  N 7 l918fl 

?-.a  .l••g  ')l  atia  • a‘-y  • .a-l  ""  ■•'  (-•••I  '•  •“  #-“rt 

allav.a'  :-n  -1-ay  art  i: '.O  > 1)V  a-tas.^.-  n-  rtaw*lr.;i  -B'- 

..I  di.i  >dl;  iiis-.siiaiK.  s I '.•J2  * N'4  4 7?9 

EXTERNAUY  0LOWN  ELAPS 

Has  g.i  *'|.af|s  -.1  SI4''  "I  li  ataia.l  ih  m .ah  a»il1 
ai|a.,,4'ly  l.loysi.  Ila|.s  a-'rt  iiia1h.>.!s  f"'  |l•a(*l-  I ->'|  . -.-aii't-il 
- . iraiiiiuj.r.  ’*1  pall'-a-l  .l  .alntMiwa 

,-,ir)42  N73  J601  I 

EXTREMUM  VALUES 

< 1 - r*al  - y a I a'l-.a"  . I is  I • li  u I -lalai  .■  i a-l  h, 
ail-a---a  *;l-ia  •■dl,ss  .sA‘1  hi  la'ij.a  di-ahsis  a'rt 
I sa-i  41  a-  aa.-4l.'--  *“rt  y-.si  yaii.riir 


..  la-p  aiai.MM  • ' !|  sa-l 

«-  aas--  a 1 o>  1 » si  d .•  j a 
|Ai,A(t|,  n '..’•I  ’ !| 

EYE  EXAMINATIONS 

9ia-  .la--fl  /4!a>'  "I  ' 

(,ai  - a|i!-:ti.  4h  . al.i-as 

EVE  MOVEMENTS 


010  ‘ 


2S080 


i.y  g I 

•1  19960 


A 27 


SUBJECT  I^DEX 


A gM'wi  lOOl  m tMV  «n0  «pp<  *0 
■ r.«f ol  hufnfn  r-«u(Ot}bf«><Hog  :»l  »,»rtT. 

p0108  UU  20?4l 

Hurr.«»  «T«  /r.ov4n>«r.li  «anOtj4  lo>rr.« 

• O*  hijfi.^n  *n<J  fi*h  i««pon>«^  lO  9' •lu-»*- 1 •«■ 

co^dnio^s  pO'09  N^4  20M/ 


initnv'v  v«ii«i>o<'i  •f'-  v:>->h<ia(<oru  ■ • f '•g>c>- 

oOi?e  N7?  21*30 

M•9^  I &«<kKan«'  ob^'vaions  of  high  latiiurta 

••>•9 jia'-t-at  •>'  f pO*30  N72  2*  *49 

f «*«ri(oo  dvnv'tv  nu<lual>or<«  «:'(]  *1 

A^IOwnng  •iplov  oo  ai  0'>04C>r>4><<  M>9hi 

pOI4C  N73  U*69 
V'll'i  «(«*>on  oTfMrviliOni  Nov«mtM>  l9?1  Ms'ch 
)972  pOl87  \74  140*): 

f 2 fICOIOM 

Full  loiufion  fo>  a<«cl>o<^ 

. iu>*«3  0>  g>«vily  ««•«•)  I'  > t ■•gMjti  pO*36N74  'i4*4b 

f 2 AinCKA^T 

Fl>gi.t  iv^i  rT>«ayu  •m«  us  <»>  -»i«  '•'•o.  <>  a'v]  aa-ud? 
iTii.  d«*g  caui«0  &v  ;»ii  ^c-iog  o'  ♦•I4"'*-  no'e' 

l-OT'  f 2 4-C'jh  p0C*06  N7I  19304 

f t4  AIRC8AFT 

Aolf  o*  flight  vimuliti-on  in  i}«v«!oc)'^«'*l  ol  9 3 a'*d  f * 4 

J.:c*n  c4XMi  N73  woo* 

f 20  THAN$80nr  AIMC0AFT 

Ae>o«im<  »r<3  ana  v^is  io>  t («•  <ji  Foktet  f 

p0009  N7  I 29344 

Oev^lO(■"'«''1  ol  f 28  i «•••  9 M a'lairki' 

Ch4‘*CI4"k('C»  10  v^-u*k  Afleclk  gl  jnun4ai^  lay*'  l«ni.«y 

p0043  N73  isoiti 

$ 1M  AlACAAfT 

C4kg*4<-o9  a gaol'v-^uaocia^  rr.ndaa  and  ge' a'aii/ed 
‘d<  F I04G  •■•"ah  Iiu-m  hy  ••■“•'ik  <1  vreui 

(AriARO  ft  ‘.921  p0?9''  U . 7 \ 

111*  hi-n  «i>  la.io-  >i.yci‘  a.t.i’1vi  | i>aii- 1 

}iiii»i  c4‘  404iy’“'.  o*  IF  104  a.ittafl  a-ttide*!  o^'ia-  'v 

p0*07  N74  18800 

F til  AI8C8AFT 

''»■#!  k'aad  k'ai4  a-:'  ■•.#'•'' iv  f.#fFo«<*'artc#  l«M4  y»iih 
F I 1 lA  a'-d  YF  *2  «•'  •«  : 

(SASA  TM  Y 6749‘^|  p0266  W »2  * 6 709 

A-i«iy»ik  ol  >'jii  ai";  povi  v:a'i  ^i^'Kia* v .«  c>  F mi 
ai»  lafl  and  d^yaiOC^*"*  u*  '4-J-aU'On  (♦^h-coy#*  11  OO'a  «•• 
aaodya.'h  c daxyaiivcs  p0043  s73  '90*3 

Apfiirai-Oh  ol  bO'O"  aoo«»  co'^oo^ia  ma(a«-aiy  *v* 

ai‘l‘a<T.«  ronklii.;liO'y  lyilh  «i.il  c day*  C|>.r.«nl  ul  F 1 t > 

naoiii/a-  fc.02  n N 73  2 740i> 

FAIlunC  ANALYSIS 

Otiiiriiin-.  tin  ii-jia'  r!es-g'  a*d  .ahao 'i' , ana*« 

p0284  N7t  20*38 
Com  aiiatifyreii  iaiig'«  axa^ytis  a<«3  d#s  gn  i#<h''igya> 
lo>  o.»a«  j-mg  rai>atM*Mr  ol  av  oi  ici  tyMairt 
lACAaO  IS  47  Ml  pOi09  N7 1 36*  76 

Pa’-atY'-iy  ♦»!  'nation  iryii.d.-g  la-iii>a  eHa<t  a-iaiy'*'. 
a«  o » ; kyyiarr.k  pO'89  N7'.  36’?7 

Fa  lu'«  ol  yyeMe'J  ;0  ili  in  !•  Al  S'l  a'0^4  ' tV*  4Ho»v  — 
CCi4  ,apo-  p0289  2192« 

•j.iiav)'i-.  'A'*  og'a;.'-''.  #‘i  iy  and  acouM-c 

•'"■yyiOn  ia<,  hill  I ;«y  lo-  i.ondayl; .»l«yUu<La  'tiuii  li|i«i 
le-  ii'u-vC  1 •»  and  (a-'  i'a  nanisn  y 

p0290  UI7  24939 
Co'iala''0'i  r>rima*n  ii/ii  y-  a a la>  gy#  >a'i  'a  ■•i-ay  a d 
aciuji  ♦arvice  la  iv'«5  *o-  M»a'a'  n-  niai-y  .»i-.  .ah 

o0?9l  N73  *690* 


Fa»>  Fo-  digi’a*  P'o<  ««ao<  a«  %p«(  |iyi> 

ana*v**' a>' 7 Adapiiva  *'U«i  pO*32  N73  *0*96 

FATIG'if  iMATTfUAlAI 

C<i*nv*al>«*  I'aQuan.  y '1a(4<<»i<iad  by 

• vaiii4  - *••>»■'  u»«d  lyi  (a'lOua  anaiyy>«  and 

•ntaip.oiatio'.  ol  >«n  •-4I  a l•l••ai■un  a^o  gmi  vaioc'iy 
'naa^ii'eO  on  tianipon  a-'x'afl 

(/GaRO  H S79  7I|  pC030  N/ 1 29000 

la^hniQuat  app«a'iOait  an«]  mop*  o>  t<aciogiachy 
(A^AftO  AO  199  7li  1.0289  N72  *380? 

Sy«4v  And  a >4*yA«y  o*  ••l•-al-J*a  y-  (align*  damag* 
a>.(.<jn'uial*>‘  *n  a*'y<a>i  n.aia>  a'y  a*wl  A<>M.iv'*i 
IAGaRO  AG  1971  p0290  N77  22918 

( Fl*«:ia  <.1  un  lai-gw«  o'  mai*  •*■«  a-'d  d*va<op'na<if 

of  a*'l>  t>*l!-ng  von-poondv  and  .naU*  ■•0‘A*2-.g  pi<K*duiay 
10  '•dvK*  (-•IlM'g 

lAGAFlD  Aft  49t  1.0290  N72  2990? 

Phyiival  ayp*.*i^  ol  lai'gn*  dan'ag#  a<  ru'y*<f'aiin» 
•nclyding  and  ^*Ow*nya  *ll*yl« 

^291  N73  >9899 

Fai-gy«  "acA  P Op*gatH>n  und*.  tliqhl  vn'->l*lK>  • loading 

a*  10  I and  0 1 p4>  vacond  p029l  N 3 16900 

fta-'«iOY'-  lat^ne  i*y|y  «•••  -n.— >ai-*a<l  « a*h<>**  yi^a; 

0 7 < a>tio  ‘ p029  1 1 7 3 1 6902 

A|>pi-(. a'o“  ol  onipo-w  la  ".a'v-aiy  lo  yi  c u aiompuyay 

(o  ■I'k-.tai'Ooi  a 'd  ia*'uia  .na<j 

p02  1 1 N73  2748  * 
S<in>>y\a*  ay  ol  i>«|jvy  V «»**-iaO  in  AOAHO  «.o  ‘«*a»>  a 
on  ‘a<*oo-n  load  latigu* 

(AGAHO  Aft  94|  p0292  S73  28884 

AaAiyyil  ul  lay.'*'  va  4'  d 1*1  gu«  < *'4<*<  ia<  lf-<  cl  1 9‘‘* 
*lkl>  '*'4  » ••  a*l  *y|n  p*>4s  y O**  4-  v*»yl-- 

If.  Q-ja  c*n|.a  i*ay  p0293  N7*>  299  • ? 

A'aiyl‘1  o*  al*at  • c*  1anyp*' g on  *asponya  ol  '*«j.iw*a 
to  atoia'on  ang  •■pa*im*»iai  n.«inod  in-  dc'a 

fni  nitg  :*<r(Mng  • aHi  o029j  N73  2991  7 

Sij,y.<  iai-9»«  I.  *.a**<.  < y ol  i.ian.«/n  y»i.d«*  i> 

yi  1-  iy'*y  *---5  rv<T.a«-:a'  a^aiy'-y  ol  »Mi_  ai  l■a<^oan••  a\  an-i 
yiasi.  yl.av.  .a*yay  i0293  N73  2'»919 

‘*y|H>ii>«  anil  andyia'i*  a tayiy  yl  4-  >.<a'* 
tt»U*!\»ia*  -•  o'n  poi-*n|  V lo  lyl#f«'i*a  • <!l  ••*•<»* 
«n«.M>-'<ya  .1  oA  a ovyii  lai'O  >a  i»0294  N73  29920 

Oavai.yp  '•!  ol  i>Mtadu*a>  p«at*.:*-  g Ul  g -a  •**  '>• 
a*' -al*  yi'i. ;!-/*'  t.aya  i o.  la-:-.*a  'n«  . % (.-a.* 
f.'Opagar  -y*  a-'d  ay«l..aMiai‘  y.a-gih  a*  la.y*' 
lACAflOlSeri  ..0294  N73  29974 

Oa»<:*>P'*’a‘-‘  ia**o*'a  Ida  (.•ad-ni-y-*  ad*''ay  hayad 
on  n-aaiuiro  yi-a'y  •-•n.a  ••yiyey  a«>d  ma'f  an.ai*.a* 
lO'  day  Mpl*i.  V i.l  a'‘<V>«'  yib.diio'iy  N/J  /V9/h 

la  "n  i .ay  .g  ••T-a  lo  Uiig*.a  u-.a  • ••a*"»‘' 

.-day  gi-  ‘.I  a •«  '*1'  ' !«*•#•  arC*  • ai-<)-»  o'  TyMljAi 

yiayy  * 4. say  n0299  NM  29930 

0 »aiot.'nanr  n*  p-ixadM-a  #yl*'»'ai*'«  iai*g  -a  ■•I*  «>' 
a>-l<arTi*s  lo  aliiyy  ■- aia  a--o*y  <ai>yad  l-r  '‘agl*ci>ng  aHa<  I 

01  M a%\  ad  -.1  .o-ii'on  4i  a-  i-*.  ytt<1  y *M.-q 

p029S  N23  29933 
S*. '•*  (oi>y«ii*>ai  yyy  o*  11.4  • -flo**  »a  ol  labgua  *n  ii.a 
dai>4'‘  ol  v.iAa  '<h  p0060  N74  196S3 

F 4l*gya  <layiy  ;:•#  l•-•a  pOOAO  N/4  196S4 

F 4i*9>.€  *n1  i'4  - iv.a  • «Miy>d»-  -w.i.s  i..-  la*  i-<ai  *••■.  'ah 
lOOftO  N74  196S6 

1 •‘a  iraiA  •i-g  • *•  aypa.  ty  <>i  u.  g«K  an<;  i-a  .i  .<a  loogt' 

. a"a-  11  ..I  «• . •<l•.r-•.  i*.  a .k«  n-ath#-.  t a'  ;>•:>;■*  l*ay 

ol  a*“l*o  yi*.  .i.ta'  n«ai*:'*‘y 

ik3?04  N74  23  109 
loll  („i4  MM  I*  a giowin  ol  Gi.g  >a 

4M4l,y>%  nl  p-0«a'y*y  w yova-’-  v-a-l 
p^opajai  * -a:a  0204  .N  74  23  1 1 2 

FATiQOf  (IF( 

^■•a%i  s'  4iii  la’  .a  a.  ha*’  '•*.'  '*  lia’i‘I.M«n  »ai--‘0'*  a-l 


• n^ji.->«  c |ya  uyi  y diyli.i  iio<  *i  ai:»io«  ••id  '■  a ■ »•  ..it  y*>  ••  • 
lha  -fy  I’d  'a  i/O.’’  * 3 N 73  2 IS'.**) 

1 . .n'liijuay  'o*  • yiyt<i}i  mg  ii  ■ a ici  laiiy.a  • la.  • nniia. 

■n  'lavgn  ol  a'''-aH  V'li'.io-ay  a*  d a(i(M'-,4:  i ' o'  fy-iM^' 

il»tM  anyiyiai  p0.^9*J  N73  29'00 

Oa»ai  '.•n'*di  t)l  'ai-noai  anjijj,  ihayy  io»  a'.ai>;-‘iy 
laiigu#  ril  ai'l'amay  r.aiad  ui-  an'rii  n yi  i>yy  l-ald 

PA'amai*-'  an<j  n>aii«y’-jm  load  a«‘-.\,-'y  o<  ••■  u 

1 079  ‘173  299  V 

ApplK  ai'On  o*  yr,yvih  ala  da:*  an  i a".*:.!  al  iai4;i'  ■(  M l 
rr>od«ly  lo'  pi#"!  ■ ling  <■_  i , « giOAlli  - » ambl*  4'i  fV  *a 

load-ng  i,T)?<ib  S71  2993/ 

Aififiiy  ol  a'''jiy  • lA(>g  'l«  p‘*d'-lo-.  a.?-.  •»>  . 

I fid  in*|hcf<%  fO'  imp*o*  g 9'  / nl  p'«  !-o  • anal,  y.y 

I•c^n..■,u9y  p079b  S/3  29934 

FAILUftI  MOOES 

Dataiiypn-an!  ai-d  ava'''ai'->  • oi  la  I'l'f  laia'  a-i  1 

•yo'aio''  « a--. '••••■lue  'o  ,».iri  — ii.a'a  1 -.a-i  j- 

maaii.  • f y •.n-l  s p'2."  2 8 3 ?0‘'9  ’ 

FAN  IN  WING  AlftCftAFT 

Fly,*  d • rod  d i and  :-ailu'  • a*'  a na-  ; . 12 

.1.  a-l  ,1.  ^ "g  fT-.,  tai  ‘.-j-  -an-ja  il  'o  ^a--l  yjaa-ly  a-.  1 a-  y *» 
o*  al  la  -k  y«ll.  - y ^ -n  i a..-  -1  ti.  i-iai 

r-O/^iS  ‘.Mr 

FANS 

Oa^iy  lab' ' aii-j't  a' -1  ia-,i  ol  t»r  ja.  , -I  da  ai-i'yn  a l 
li'a'-  jni  <an  duky  lo  opaiaia  a’  ' y*'  '#-'’faiaii-‘as 

pO?  II  N 7 3 2 ’49H 

FAST  FOVFIIEft  TRANSFORMATIONS 

'd-ja  dal*r.liMf'  algi.  •Ihn-.i  I «»  o ; a*.  \ M'-a'  ly.-ia< 

i‘#oyi.i-'--i-i  a di'-g.iV  —laiii  ;1«  lo-  ■)-:  c da.  (i<.„  a^s.  y 

ol  oatu  y *oay  ’ *j  2 S .*  2 I 1 * 8l> 


irOPCfl  N72  *?S04 
f -a  iM.-V  Il  ■ . ,.a.-^a-.|y  In*  daiaira,  > -«y 

l-ayy  .II#'  :-  '-a’'ao'  .-ayy  ••’•a*  -a»**»  * la.l** -a*  hri*  *1 

• *a  -dv"  ad  1 'asi ' -4;ai>aiy  ajpoiad  lo  yyaia* 

1.0200  r.’72  12SOS 

ft«ii>o<n  i.»ad  laigi.a  1.1  a*'i.'ah  .uy.in**!  *•  lU* 


(AGANO  I F>  1101  p029i  N71  16896 

Fal-y.a  'a  4N«.a-.y  a I y*  4..|.«ah  y'•^>•.  l.j<  «y  hayad  n-» 
••i-Im*'.  rr  |.-i.g*a'''"‘art  lai  y*a  lay*  a**d  i*>»di*'-qy 

: 0291  N71  16891 
t'a  k y-  .<yih  a»i'l  alia  iy  n*  -^anqa  ■*•  'pa  i*ii-* 

vava-'l,  ••  d yh#|.a  m lal  q.ja  li«ha«  y<  *a*  A.idO'”- 

I»*d.  y pC29i  N73  :6890 

Fa*.-y-ra  -*a  fi.a.;,.  la*-,  ol  ••  •‘.ia*v  a * '*tl  •■••da-  >h>aa 

d.Ma  a *,|ypa  '.a  1*0291  S73  *6903 

C»  a -’  ’ -a-K  *a- I *.o-->-jy  fo-  I al-- *.-i.l*-  -'i:-»-y  t>*'a' 

o.  . ..fj-  I la-fy  • :.-iip-ila*  }*»«.y*fn  •«*'  <l*lai*iii«-;Oy  talayi^a 
da'-.Ml.-ad'  I-00S6  N74  'OO*-*) 

Qayj  a-,a*.  y'  lai -J  >a  - n .l•.•an- a o*-  lt*«  Ul  •i--*  **fa 


Aluufl’c  fai.g>'*  i*»iy  o*  •iyny.n.|<n  a"o»  »imi^  to  a' 
ei*manii  uoUa*  '.•now  bai-d  taiitjcir  iu*rii'-g  .*iin  ae‘'> 
Til  »|.41»  y ifcid  p0294  S 73  2092  1 

0*y*'OOd'enl  ol  a«p*ofTenl*i  p'og'an,  Ic  <l*la  i*yin  «--g 
icipony*  and  ionic  laiipua  *villanc*  O'  l-ghi«k*ighi  *•■>  lah 
y|f..Li.'«k  1 0794  M73  7992  3 

0ay*iypny*fii  ol  p<o.*du>*y  Iti'  p'*diciing  lai*gw«  i-i*  «i 
ai'L'a-i  «triii.iu<*s  o*y«d  <vy  I'ACIu'*  ny«*nanM.y  i>*<h 
pi004g4(0n  Add  :ev*.7yAl  MAOC  yi'*nglh  anl*  yi' 
lACARO  uS  521  p0294  N73  29924 

PiO-eJyiCS  lo  avilytl-og  UiiguA  dually  0> 
yi'wt.i.ii*s  hay«<?  on  faig^a  i.la  c'a-k  pioc-agai  o>>  and 
'ti^uai  yi-#'-gih  i-0294  N73  2992S 

P'o  ••Ji»i«y  *o<  n'«C.fii’  g Ui-y  j*  I'lr  o<  • c'afl  li».og 
jfyd*'  load  o'.jii'uny  uymg  data  otMaioail  l>r 

loo'.ii ‘g  acf  a' ♦ on-aia-  iiO?94  S73  2992  7 

Si-’.'iu-i:  Uligua  anfif  .IS  and  ieM*'-y  to*  I'yfyia  a-'i 
• a.*  C.0O60  S74  lyuSS 

Tta  lyi'a  (•'  ihe  -.'J.o'  <«i  g<i-  :eyi  • iha  a-^ai  ia  .e 

.:*dil'cai-on  and  >afr  uiiii'aiio-n  ol  yioAe  a"yi*6 

n0O6i  N74  loese 

Ra  ayl*iyih*nl  of  Ul  0u»  p*'fuima*'<«  of  lighia-  4<‘f 
I«ft  p006l  S74  I96S9 

Dayiy'-eiy  i.aad  lo-  g>  • «>ai  • ■C'«'ai-o-i  ana','-' 

ul  Ul  g*.a  les!  '•y  -iiy  a-  'i  '•<>•  a ’Mha*,  >■ 

0OO6I  N74  19660 

FEAR  OF  FLYING 

Fell  ul  living  «|  1 its  I>ajin«a  *1  m -n.lili-,  pilnly 

(>CK)eB  N74  *878  1 

Ray  ills  ol  t.«6a»'oii'  n a-apv  • • '*i  ny  phofva 

(.0088  ^74  18  787 

A"a^v.■»•^•  .1  ,jl  (•al.a^.C'i-  lha<4p,  |ha  •‘aal'n*  -I  f»l 
Il  /'•  'ft  pi-oh-4  • (.0068  s 7 4 10  783 

FEEDSACA  CONTROL 

Da'  g ■ yl  '’alal.iv  j.;-,*  »nia:.''.M  VY sia  • 1 - A'G  '•  1 .-j  d 
'yto' haiicop*^  pC'033  S77  11930 

FhoM  lev  yl  ih'pa  a..‘-  ^■v.l-nllu'l'o  k’ab  '.’r  aug  'ifn'a 
I yn  sy  oarri  .o  haii  (.0034  *•  7 ? 1 9 3 7 

Appi.i  aiiO"'  yl  ‘i>‘i  • i-a-ii4‘  i.,l,iid  •.y>ia't»  4“<J  K4iy*a" 

fitia*  ai^o'Mf.o.  (o  (i«rd  laaiiM'  1 ga  • i 0?2'>  N7 3 ?C-70  1 
C$A  ^ 'lay.gi  in-  •j->yi  ^4»•dl  j .»i  lodi-jie' • tr 
dev  'o;. ’.eni  ‘J  da\.ji-  ,-•••.  -a  In  yia*-.  i»  • 

s.viayiylo  •"«»  a’ oo  ol -g.-si  allacis  t.-OOS9S,’4  l,’74: 

FIBER  ORIENTATION 

A;,(  . a*  o*  ul  d • e I ■-•  ••»  • , VO  dll  f 1 #.»(►. ! ' lo-  -If  >•  j* 

ai  d I n iiy. I ul  ga y '■  id.  '>e  a.  g i.a » 

oO?*?  S73  7 /493 
Qua;  ;iO'  a'  soMil'.  a*  O'.  I.'  a.iia  ii.  #i  Oy  i A-  d >iImji- 

i-.>  lyhii.a  hiAdey  a>  d oav  luilm  a an-ii  a - t*-dW)-  f‘s 

:.0?I3  ‘l73  7 7J94 
aa-ii.ie  anaiyv-s  o<  •■(»’  >air-ioi.ai  'M  '-puy-ia  'u  aei 
yi  g-na  ■ a«.a  >'•  ng  'l-MO  l-nnAi  •’  aigy  d-  d niai  -i'..j»y»  \'»a"- 
|l.*0’  a>  ylUi  yia  (I'J?  1 .I  ‘i  7 3 2 7S00 

FIBER  STRENGTH 

0«‘- , • ol  ' lad-a-'.a' Y •>■  a.v’a  yyaia-.aiy  <n.  apc  atk.-' 
|i>  • yivify'.lid  I 0*  diii'an'a-,  a''d  'pa-.a-  a*l  '".,•  ti>ias 

;.v2IO  N73  7 7479 

FIELD  STRENGTH 

I'opuvpha'-.  y<aMa.'*i'j  l>a'd  si  a'-gl'i  anaisi  h,  %>'> 
.h*o*-ni.yi>  n"'*i  la  lio  haa-y-i  oa -.'f*--"  onv 

.0*18  S7  I 234SS 

Fighter  aircraft 

Anaii'  i f.l  high  'uhs-  u . a' '1  i'*n'  iin  -iia-a  ia'->i.- v 
nl  liyhi*!  a .1*11  And  la-  Inn  aHa>l->g  aa-odii-lfr.i 
buui  tlauas  I..I  v.t-  i.iis  w-  g f1«s  g*i  pj-.t--  aia-s 

Ii0043  ‘.73 

N-j''ieiK#l  II  aif’.'l'  *u  1aia--f  .•■g  ai-ya  s-  I ‘ai'  i.l 
4-  linn  (>«>ff)iirani  a ,il  (14-  s(K>n  a<>d  ' i.ii.riai  a •-  'A  ' *'.d 
all*ci'  ol  ¥»-  ou%  r.a'an-aia-1  on  uaiioirr- » -- • 

(iOOS:  N73  .’4>43 
Af-a  , SIS  nl  pa- a'naiais  all*'- ’■  y • ••■j  • a m a , • - a ly • 

i ■•>0*  : N7  3 .■'404  8 

0*s  a'opy^a -“i  nl  la"  hi-.-;-iay  i > -I'ai,.-  a •••  •' -gh*  -.  -ay  o* 
a uS  ‘.•a»Y  l-qhi*.  a--,.’#'  a •■-'1  s u a'a’  i-.  yl  li  y»i'  "'ea'-j-a'l 
'' '#g  avi-h  mi'Ml  iu'*i  fI  data  pOO? 7 ti74  14734 

Oas-g'i  tgai',y|  lah-gua  rO'  la-*rra  yy  |ha  Ifl  q-.‘a  Id# 

avyatsmam  ■>!  ifrii  ai  ai-'-afl 

lAviAPD  CP  I4l|  P-3060  S74  196S? 

Sun  J ron--  la  al'O'i'.  *»l  'ha  nil.^a  • p ol  'V-g  iT  • ll>a 
das-gn  it  sii-ka  a-'  -ah  p-f*060  f«74  i96S3 

Fa:a-.edas-g  i»-a  « a (i'.K36-j  -S 7 4 1 96 S4 

Sl--ii,ii*i  lai-y-ja  a'lairs-s  a- -I  ley!---y  'u-  •-g'-ia  a-'- 


F ai-g  I*  ai  d lia*  i -'• 


•I  Iey!---y  *u-  *-g'  la  a-'- 
pv-X>60  7l74  I96SS 
Al  o s lA  al  a ' -all 
I 'X)6.’  •i74  '9696 


Ui-g  ••  Iasi  • lha 


jAG.\P(>.’'*>  14l|  (-0060  N 74  19667 

( Il  V*  a a l#l  -g  wr-  «a<|-  'an-aiiSv  to*  *a*  •»--a'  fa'-g-  a .-la 
P'ad*- I.'.-  1-0061  n74  1965  7 

FATIGUE  TESTS 

IM.aMO  P 6041  * * p^?9?  N73  0916 

L)a.*ai-T**'-*ani  n'  -iially*Ml  t-.-  **aiafrT---i  .-q  ■ » - |io''-*.a  t»I  la i « 

I y I-0293  I4/3  799 

'>*-■  'ai-gi-a*iia.;a.'a--'. "-v.-ti  i"a*-f-'  ia*3a--*' 

,1-  . • ,*as  4 -:  t • ai  •-  a*  a*  of  • ai'--ai  (■a*y -a*  - lay  a-  -1 

flat.  SI  c Ii,.-a-.  1.0793  -97  3 299  *9 


FILM  COOLING 

Paili.-na  * ai 


- I * .•  h'A  las  . 

( 1261  *.7  • 


A 28 


suBjec;  iNDix 


FLIGHT  fitness 


of  f^'T<  COOtinQ  On  tltodo  p<uf  tOVT 

(««Ay  ru  K <7  W3t  o026i  N7  I 22099 

ffVTtAS 

OviOi  pu'CkOM  fil*'  M04'«IO:',  10*  01^1  4n  J N«l«'  'OrnOv*! 
ftQm  fij^i  q0292  N 7 2 116  7 0 

flMlTt  OIIMMNCI  THIOMT 

f.Oll#  P'0C«)u'«  K>'  '•0'TOVl'»Q  0*f*V«>'  of 

IWO  <Vm«nsiarv«l  bQu<r04rv  lift'S  lO 

p<«Oki  locatioiT  otitm  o>  (■•oi.t-on  ■*o«i>' 

P026S  N73  I979t 

NurT^oc*!  ('••tr'W''!  0<  bOw'XM'^  i«y««  p'uOWT>i  f.r-.i* 

<kfta'tTK4  00109  N74  22916 

fINiTt  lilMf Nf  Mf  THOO 

f ifNtV  «4«m«nt  ^o<THK«4*'  p'Op'S'Tt  (qi  otlimpiinp  Sirpl.  *'■ 
M'Otfynjmic  -nt«rfaT«nr« 

(NASA  1M  X 666041  pOOO)  N7J  .99S 

Oi.itmiiaiion  of  «»*oo*<»i<  IO'  drs'pT' 

Okff*i*nl>«i  ogvis'Km  itlOAiijaioc  •TK)  hni|« 

;naSA  cn  t ' 71961  p02«4  N7  I 201  39 

m«lKo<}\  IO‘  nuKt  *'0'*  p<ODf«*ni 

OOI0?  N72  2 7JU9 

C#K;w(#I'  ^ 'nc-.l«S  inH  3 »>i • • J !■/ «<1 

rr'lTMS  *o«  X <04C  #«'<  ■•0  t'OTTi  b,  !••  « 

«T'«*hO*l 

lAGARO  » 9921  029  ) N72  339>9 

Ai  «ljv^  3l  4>n«rr-<\  o'  p'*!-'  uT'*3  f"  >Ji? 

'T%o«)«li>''^  o'  fji  -.vjnttO  flitt*'  >0  pjn«ls 

p0293  N73  299  1 1 

flMMIO  0OOICS 

1-el  of  I'l  f’ai  p-*;»  - 
i<^P«  v>n>c  luibul«nt  bOj-4}a'<  lai*'  (ba'i''*' 

o0O03  N7 1 1936S 

riNS 

Ojmpuif  O'op'iT*"  fo'  La\Li'ai'‘9  • 'o«il<c-eni> 

nl  *iOg  I*'-  » 0 f'"'  ^O'l/OfU'  '*•'  OV-'a(''C 

fo*  oO<X79  N;i  29342 

flfU  CONTROL 

0<Ji(|'  ' f«T'  ♦■•0  •»•  . H*'*  » 

4r^  fica  s^\l«rr\  . v M «iC«l  4 'L'«^ 

pOl^sf  N’2  :«227 

6IRC  ClTtNGOlSHCRS 

( I l■nQ■l•^‘'■■  9 'Idni^  . 4(id  (•■9%  Cr  - ‘"4l! 

p0>s2  s?j  ’t..eo 

f 1'^  f I l■l■gL,l^h.|<g  SiNlfTi  ■(•  4i'.  'ah  0«*^4  is(  g4  ^^ 

I ■ ■ A , ■■  t » I • »•  a to<  »fi  ««l,'  g<,i^l  # ‘ 

’ pO?Sl  s?;  n00S 

,■•*  lO'  'n««s  I-  Iig  I «•-■>- « <>l  «|'  <•'« 

<i''-gL,  sh'Mj  pT- »»  7« '■  iO'^3  f|7^  1109' 

(y\K  Lif  fluU'pL  4 tw  s 'Jill'  %>  . 'f'  • • '4' I ' 

i..4y  P07-54  N'2  11093 

< ''4«,  I*  yf  L n^nii  • tfi  « ii  ig«  %•  -■  g 4 |»-  i s •<,•.!  j 

b'Oii.ol  t if;-.iO>'0>r.  • iri4  ■«  O'*  i4''I“V4*».  *4-  4 1 <■<!■»•»•»' 
Sl*l«.*ns  ifl  0og*>  inyi.**,i  4<"0  ' 

lACAfiO  P S99I  NH 

>|RI  PRtvCNTlON 

5 -T-.IJIF'I  f '4s»  teTIT  P)  4'.v»^^  ( • - I »■'  ‘4II 

lo4:»  I Oi'i'i ' y ■ 0‘»^'-4'  4 >'l'i'«4'‘  t'07S4  uy^  M69.’ 

»lRf  6 

4 ;-4f*  *v«‘»  '-.t.*-  !..!»  A'-;  ' f t4I4I,  ..•.I?'*'  .. 

|^r,Af»o  CP  04  M|  pO?Sl  S/?  Ii0h6 

fldn>nijl  l.(,  .»f  «•  l-j'ls  4- ‘I  *'■■ 

Il'F  a»  '1  ^•plo’l'j'*  S-'l-ol*!^i  >*ys‘  !»' 

OC4'4!ir.y  fi.Yi'O-  mjii'  - <i'4l‘'*'i*T  p<J2^2  N7?  IW-yl 

V*. y«ile'l  O'  *'i«.l*il'»'l  l.fi  411  jl' 

t.*V  l,.m  'tf,..*!  pO?03  N77  1 V0fl9 

I ••  A 4<  I n iig'iL-<jri  I " iF>L  :■*' " f'"'  I «■-*  *'  •ay'"'  • ••.  ii’-  j 

i*»,y«'*  'H-l  ••  IK.'.  .4{v  , '_•  f-.s'  i.  <ii.  y 4-.  t I’TM  . '•»»•• 

I.**#-,  pO.■^J  *4  7/1  U.‘7.> 

f f«Nf  S 

Qli.rt  t yh  -^yit'inyf-.  to  <j ' 4 vU.iw'  4'  f*4*K'  4 

p4-«liO'.<.  yM  p0071  N73  : 1 ’-Ol 

AO’WT  ARfTHMirfC 

Gtl#'#'  0-*  «nO  <.  r*t-  auul  ' m p.,ir'  f - >\}  •»  ■'■•>  lo  <*4' 
|.rT4  . JMi'"l  of  A*  OSP'l  • »»f*  .■«^  (>0  * *»*J  ^77  2 1 2 ’ 

PiijQ- • fift  'Fii«l  < S of  yj  O4-"  ♦ 4-  •» 

i«rf  "T..  p.,..-s  Nr;  21;  iO 

L»4l»  ^>  ■'•'1  >'  't"'  ^ -WiAl  (o*  44  n'.i;  J.-  • <in.|;  j|»' 

iTif  •rtieiiiaiK^-n  ui  ohi4  -t  f t.'*'  ■'»  • • ■ l•>■•l '. 

pO'-^>f«  ‘W2  217  I*? 

f VAMIS 

l4Ti‘>4'  ■!  ?f  i%Oi.  l'4f  o'  4v»lrl*"  # ■ ' yF  '-.alii-K  . 

tO?S J N7;  I 1684 

FLAMMA0ILI  fV 

0-\'  .yy-j.  -if  4..  m'i  4**f  l.lii  4-ils  :••  'n/l  .lF 

po-l-i'IiO"  4*  *, ■•'•'» 

' Vj  A '<y  A ■?  44  I V''7?‘.^  N 7 : 2 '8 

Fl^FR'NO  HfN0€$ 

A-  4’,y\  <;f  *'»•■  <>>!»  fi'4'lF  ‘li.liF.  i<j-  |K,||-  7 ••y*«l  4i-  I 
li  ■ j»l»L\  “.I',  • l -l4-l«»-. 

i*f.A«D  P 60/1  pr-TS;  *f'J  71970 

flARS  (CONTROL  SURf  ACCS) 


ir0O79  N7 : 734;; 

- .^1  ft*  ...J«T  t-A 


fLANft 

Ai'  10  yOund  l4*\|4t  4^.«|o•V•l■^n  4k>lh  fl#i4  illuO*aiT410>' 

o0303  N73  19960 

6LAT  RiATIt 

Tu*Dul«'‘«  DOL-n«J»*t  '•  ••  0-*  l*«y» 

If^tmalll  lASulalVIf  0*1  D*4T4  ••  . u>nrMf«  2 9 !0  4 0 

pOI77  N72  20266 
€ff*cl  of  <1  .'44<  •W'OH'f  lu>boH<V;4  on  lu<Dt4tnl 

t«^/'.<]4'>  Ut*!  04«*IOC.'n«ni  on  641  pl4l« 

pO10o  S72  20306 
An^ifti^  of  *K*1*C4  l»Mi.l».4T..»n*  I'Om  1 -1 

■ ^ iFW  t.rtpQ  fta|  pi4(«  MalFt  «po<N;  «i«on  to  i)*^g** 

ol  4''<.'40  4»iirt  #ti4ir\4lS  ti4u««i>  ti4p\  p0292  N73  29909 
Anaiy^.t  of  tl'i.tiy*4i  >tspcK-M  to  arousit  io*OK>y  4n<> 

P •C4'4t«n  uf  0414  tfMOtS  tO*  «4‘>0«')  « ond.taOo)  0<  4«  »•■<*< 

fc^rf^  p0293  N73  29914 

fUXltK  0OOtf0 

P4tsi«4  arvO  tama  4cti«*  4il>lu0«  vO'^i'o'  fo*  f‘««4wF 

p0277  N72  12060 

Analyvt  of  ••iCa4h  ft|au«.lw<4l  fl**at>al.tT  «nO  hagni 
antaifoc*  »*'t6  4Ppl<4l‘On  10  •••ta»R  rtosagn  C<al«<a4 

o0039  N72  3203  f 

#UXI0li  WfNCi 

Influ4nc«  of  •*'04I4»I-Ta»»  O-  flaflM  ar^thj-L  \ <vl  Hat  tP* 

4„c.»fl  p0O44  N73  '6991 

C«l<uU|aU'>  of  a'.<|yC»Tl  t04C  on  «.On|aoH4ha'.lF  a.‘ 

a.g.0  4rd  •••a.a*6  |aOO40  N73  1 7004 

r OHt  CMAR4CT|Rl0ftCS 

Cb4‘*<t«<.VI.t  f-yF*l  •IftMS  O*'-  IOOIf.*cr*4  <j4V4*a.p'T.«-*tA 

an  4h  p.ioi»  p0O9.r  N71  22309 

A*  4>»TaS  of  4«.-00,aaaaT»-..  baaHel-.  y 4^4  aalti  0<1 

10  *'•  *K<J«  ‘le-a^'OC-ir-e  *!  of  mOoa»l'k  fo*  ov  •••4«0‘T'  ••0  -1 

n<,fo  p0O43  S73  tSO‘8 

A*  4**V.>  t»f  b-U*  M4r».o-  a.;  4*«1  I T SO-a*  V»  4*4"e'avl*  % 
of  f.yM#'  4-«c.*f‘  and  larlo-s  pHeL'ang  44apa1>o4/n- 
Ciuu'.44i>«t  fy  »#  aOo»  »Nany  d*L.yr  P4a4*^4l**» 

p0O4  3 V 7 3 1 00  1 9 

^r*w«a‘*4T'.  Of  fl  yn«  .n  CalOa^O  ala  <«''  *aT  p‘0»  L f*4*4'-  •♦•as 

I.,.  r,l  (I^M  a oM'aaa  l 0O46S;3  »70»3 

AiP*  .li'O’a  of  •.‘i-lafv**'  I4sf  n.q.,4s  lyl  d^*4* 'F*  * 4'  O'*  •' 

11  .*'4  • r*.-4-  l#a.sr  . » of  4.-sa*ft  4‘d  f or»  p4**'U  > a**  'r-  -TIO<>l 

- *■  •■0  04'»  4''4'tS-S 

|AGA«0  P 0961  p0O46  S73  »8030 

H»  ..  f|.y’*a  p«af-*  n*#*  v ♦ •-.  •«  «:',4"  ♦ •'•I 

|aOO40  N73  ? 1009 

f » 'iM  . f 4'4CI4  aMa'-S  4«'d  paafa.fnan..*  Of  » S*  C*«aoaa  lypa 

Ml.'  <4ai  -Ofo-  1.0046  \73  /'078 

t)F»«»C0n«“l  ••ad  4;p-«4*n..  of  4.aCa«f|  ♦ 

pie«1  ' I •>  a *a  4l»  o-T>  ly.  .a.b  ♦•••1  • ap^'NU":--:  la*aaspA-| 

4n  } ' yh!4  4-  < *4'< 

lAOA^o  IS  001  I.C4J0.’  S73  2404; 

S-.n  «>.-4'  aT^♦l^  :ds  fo.  dalF* ar  .* an.,  aaa.y#  41^  'adaa.S  a»t 
a- I.-  • pa-l-.-ara^a  »•  O*  a-an^4rfa.a  ja-d  '.o-^l:a'  a H-40  4 d 
aWf  ; *s  o'  V4  a.»..s  i-a'aiF^iaas  '**a  pea|'f*aT.aa  « 

pOO07  N/3  24043 

Cv.aiyp  .ar'i  a.i  •«•*'>:%  *'•  p4i  fa  y * s*4*'  fly**: 

.-a4'«“  V«-  »'•  I a '•■'•I-  oaaf.nar*-  ♦ lU  V*) .«»  • l«  of  4 IT  «SS 

» d »«  a.*  la  a...  1.0003  N73  24040 

0F«f'O,«a‘a4..a  of  . oaaapuia-  p'Oa|aaan  *n  <j4:Fan-  •-.•.q 
mn  <*.,T  faa.-«  |a4ah.l0*»  » -d  ..y.' L-4'avp.a  w.Ha  ,.ada«a.| 

.a:a-->-f  ;.f  y.nf  -41-.  a ;.OO03  S73  74003 

f a.,a  ; ^..•■■•4  *1  l!  1*1  l-4‘  .at  (•  ^fHa.aa  . a>l  (>a\S4  .'t 

iw.'-y  3.0  a-  -a*'  1.CO04  S71  270f7; 

0F\yaa  'If  vf  .,•••♦.. I aa.-t  a laa.-.,..  «/f  VA  K 

191  e •.  0l*>'.  »■•••«  '-‘.  as  4-  a 4a«t*a- 

t.00'a«  N7  » ;7W6 

Hf.HTM  ..'af-ay  a fas  F *.••••»  •ujff  ll.yta*  •*..  .r.l.l-a-  a fl 


4' 

FilF>  .I'lr  I:’’ 
.•'  .-.a«aT;ii"i 


fUGHl  CONDITIONS 


.of  I4.>A  X 


FLlQMf  vONTflOL 

la.  aUil  r Ir  1.  'il 

lAnA'iQ  r.p  77» 


• U-al'ay  p--r|alea’ 


fa.  i yf.l  ••  a-  a.,.  • 

fl.ylaa  o«a|«;:l  -1',(  3#  s»-.lfa-i  la,. 


Oa'aiopiTTaa-t  of  niay'aiad  cOA|>of  ivS'Vni  fo-  typ4*vOT'  < 
••'c'46  D4s«0  on  paa«u<T>aiic  po<na>  pana  aiaO' 

p0066  N73  19006 
fMt  Jsu<«an«nit  yt  4<:c4l«ial>  a”  tH«ST  effFs't  on  palot 

n-anawva'ing  atal.lr  aT-d  I'lyKl  CO  I'Ol  padpama-acf 

|AM8L  TP  72  3)  pOJ06  n73  J9I04 

Conl'.bulaons  of  L)yBI'lT  'n«'|ial  SfTlana  lO  sflTKl*  I'.ybl 
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anc#  pOOBS  S 14  13789 

HEART  AATE 

Oavg^n  coniufT^piion  and  ^^a'1  'd**  '^aasij«an.aniv  !<.• 
i^'iinai'fg  atefc  sa  ioie»an.  a ol  .-ii'  !a^?  pe'^o'-'-e 

pOOSl  N7  1 22329 

Maf*8'aid<.aifiova4%j‘a’  a^cfia  a'c"  eMe.^\  c' 

^«a'1  '•t*  \;ud-ad  t)i  t>e(4  a-iiana-iy  : t;-o<;kaj« 

rO’09  N73  iy-49 

HEAT  EXCHANGC8S 

Oa^ij**  '.aili-iy  a'3  vse  O*  -^an^i^cs  n.  m ] j^**.*^ 

and  aa'cypa'.p  \e^i<'as  conle  •<~c^ 

|AGAROlS57!  r0299  N7;  16940 

r»*ai  «»,^a-i*j^'s  *it*>  ' »<9€  an-o  .n'.  il 

uanv.'a ' a*»4  n«' V jIl  Tr  iifil  a*5  ^aaiuanvlir'  ( .».1  > 

C0-wa-#a;sn  p0299  N7?  7 

Maa:  •»  ;na  «'»•'>  4-'-i  ' c r.-,a- lion  I ;<id>'>a-a  f^ai 

Jiansla-  C-0,‘99  N?2  1894  6 

Maai  ei'.hanij#i.  ir  t ocass  ar  d ivJj-i'  «*y 

C0299  S72  =8949 

HEAT  PlUX 

►leal  fi  sla*  a'-d  h#ai  !:;•«  ir.#a^  i«‘<j  se  so*-.  *j-  u»-> 

linhine  ei'^i**es  t02S7N7l  173?  7 

' e •!  a-d  ;r  jj.'e  •I'. ! m K ;*•.•■•-•  ••.  1 -r  • 

•eading  ►•a!  ^ag«  ol  Ou.j'i'  4:«adr  •■la'* 

ISC  08  7101941  pOiBON?'  3<»789 

HEAT  RES.iTANT  ALLOYS 

Tha-Tai  (.cni.pi  coaungi  li:  tft-ic'.o- , yas  !y«o*‘r 
matacaii  p02S9  N?  1 U39  I 

PaO'ca;un  o'  i.ota-1  aiOf  a«  j . y#i  aivy  yas  tvt 
blades  a*' dl^h^  j»0?89N"’  '*392 

Conla-e.*  .;#  o->  gfi  temcNraiu'a  '-a-.-uyio  » ol  a 'Oi . *a 
appi<  ai-c-  « 

|aCaP0CP12O!  p020t  N73  23*.9  7 

H-  jf\  'ef-pe  aive  co  -y>  j > >■'4  e *<  »i^a' 

alloy'  y<>2C'i  n7  3 73^^90 

M jlli'cniponei-'  d MiiSiO  • l~en'>  AS  aPL  ^ 1 ■:>  a^-daii  • • 

cOfC'‘on  and  s .ilaio-i  of  cc'i  yi«i  I e«i  'la-'i  a'o»N 

r0202  N7  3 231.03 
o'  -c^a  ( a"Or  - <•“'  ai  . 

hy  1 iO“'.-y.  laM'ia'Cf  y0203  N 7 3 2 3l>  • 

M«lK  ()l  0»  da'i-')--  Af  "■  O 'n  . -V>  <•>.  -.1^  ^ -r 

l»a.-ro'r  n-*:ai  a ".is  ^sed.'-gas  • jn^-. 

y0?03  N73  23M  • 


EMOCt'  Ol  M'Oanil'na  (ufvalM'e  on  l-j<t)jlcnt  I'OA 
applied  in  iv---“d:  , iarC^  cond.iiom  on  j-.l 

iu'bcn-a:i»‘>e  Wades 

lAGAdD  AG  1691  p0l84  N74  I :>42 

HEAT  TRANSPER  COCfPiCttNYS 

Heal  (•ar'-v'e*  #n<i  ei<;iia>*g«  <r>4e>y'en-CM(H  «>-  >•« -j 

lufOtn*  wades  in  n-gh  lO-Ttpe-aiu'*  co.-nO«»st-o  ' chan'bei 

p02S7  S71  I ’J  -0 

Meal  i*an«i«f  •«  «.•  co«-“'g  a d aie»ii  ccoii-g 
loi  h jN  l«mp«‘aiiii(  ga'  fod>-*ie  *fg-«  « con^iHinani' 

p02SP  N71  ; 7393 
EHe'l-»e  y-oat  lia*.»*e*  <o«H*-;-enls  ■•»  ••I'n  r/vJ.«»g  «y  tle^^  y 
a*  gas  so  lai.os  (>‘)260  N7  1 739S 

Heal  l(•'.vla>  m maiai  cooiao  gas  i>:<Oi  •«  WMes 

p0260  N7I  173*^8 
Conf*»«nce  on  high  ie<Ttpe<aii;fe  i.  -hine>  yetaiix'd  eHe- 1 
ut  li:m  coo'-ng  on  Mad#  p ol 

INASA  TM  X 67«23l  p026t  N*t  ?2or; 

HEAT  TREATMENT 

‘.Hecii  o?  heal  ueei'^e'^i  v/«  spec-rner.  ;ype  a dteM 
envi'Oi'ireri  on  ia«o  p'en>nitslin>'.  ha'deneo  4iji'*le"  siee's 
do»  ny  il»ess  to*  os-on  i «ach*ng  lesis  p0288  N72  21923 
irM-^enre  ol  s^e••-'^•»'e  h/,ni  a*  ! c-  -i  e's 

to—-.so-  ^-r-z  •-  s-nni  1-0289  N77  : 1930 

eni  c*  I-*  e |:.-«i».-e-re*-  «il  !••  i**  v!-e‘-yih  A«  W i 

Cu  **'y>s  ii*  «»*f -•■>■••«  , “la  ••  a*  p-«»*  e<1 1 e . *, 

lOugh-  ess  a"J  %!<ess  i o"o*  n**  p«one  i.es  ni  steni  i*ain. 
a id  »o  y.'Qs  (.0204  N74  .’3»  ' 1 

HEAVY  IONS 

fleUiisa  b oioo  -.  a.  e**e«.is  ni  hea>i  - on  * • a*  •■..  >s  • • 
i-w.'-.i  Mvue  i-OC'9  N’2  /t'..'49 

HEAVY  nuclei 

0IOS7  4 Cx  e«|.n-  Ap,.  ; ' t>  ' i 

.o— e I .»  • G-  ol ’.e.** . •••  * - ’v  a-  ' '•.•j  ■• 

la<iC-N  ; " -nNii  -g  Liy  JV-  i 

.0083  f 1 2 306/ 

HELICOPTER  CONTROL 

l>  f.gn?  • a .j.'i  o*.  • v--.,n.i-  I .a.  vl  !••  •-f 

li  gni  vf.lat  N»'*e*n  •>»  ..e*' : 0-- ' 

P>,3i  •♦..*/  • - O.-’ 
thnp  I -i  7 V r.n-j|.,>,  it  (,-  .1  .S#-I  -.e'  . , *e-  H ••'  ' .*■ 

par-  « s>  •’  J.'  stsie*--  ( COli  *»7.'  • 191* 

A- .*  »\  s ;>'  I-  e-i  • » -.e  I-.  a --  leas.:  - I 

-..vln  1 I.:-  itp  • » -v-.-ie.  * 

( Cx;  13  7. 7 7 • '9  3-t 
► r a s i*.i « t es aiMai'C**  ol  •"  .o-^  .« » e • ■ . «a'*  -i.,;  • • 
gi.-li-:*-  e|i»i-o-»'.«  ip-  7e'-v -.‘ie*  a.-j-w  :•  A’-’  ‘a-  i ; 
yyd4'  <e  '..sieni  1-0034  N72  '■  19/G 

M g-ii  le-.*  ji  ;-.-fe  a»-s  h».1-cl.jd.  s-abi.-,  a--*»".e- 

C . te  a « a-  ? *v! , };.  •■*■ 

y.,1  'a  I a*  'I  • a ! i-e"'  •■<»“  jM-<l  *••  .e  a - at 

f0O34  S / ? » l*a13 
f I y---  ;e-.i*  ol  * •«  T.  1 l.•.-l..•-.l:.•e'  i<>  -li-ie--'-  -e  eiia.  i-  r-i 
g-i'v-.ai-e  ‘-2<o  I v: '-••••■g  1.1  a:.y‘‘  -nMa*.i.;»a-  1 

yo...  I.C434  • N73  .■•  JO'S 

fc  He..*  o*  e'asl  l.app  •.  I nl  *«:-o  f *a  *e\  A-  Mai  • It  a 1 
I oni-u.  ol  Na  .-.op'e-  e j.«  t pe  1 >N-in  1 - •,*’e  • • ---lu-  s.'in.. 

(.004?  H7  3 .'10 lb 
Pl-.gl.i  i'a-a.ie*-s:  vs  j*--l  L-e‘lc-«;-a--  <*  ol  • e..a%r  -.  ijj-n 
eei  cpie*  -a  ■ •pm-  p0O48  N 7 3 2 *0/8 

fva.N#?*:-  o'  ' h»...<  .ly  .ii.aii*  es 

->-i'e  I ;»  'oi»d  '1.-/-!  --  lato-  lesl-. 

( 0049  *a  7 1 2 103  I 

sia-.  a*  I I ^ l-OOS ' 7 1 2 :C4s 

MfUCOPt'R  DESIGN 

Mn>  :o(>ln  -le  • !••  (i  - • "j  • -as*.  » .*»  y.*"  '.I*  I 

a..-i«aiia*n  k<  u-a  •-.  (.Olo:  S7/  I9i4i 


of  ae  o'c  il  It  ai'-  ■ . s 

HEAT  SHIELOINC 

Co.-p  :eM„-.  •' 

aPiai-ng  !-.M.(».is.ia  -*i#ai  ^ 
My  I »a>:  M»esN  < c»  O',  o 
as  'ad.ai  ■«  heai  'i-.ai.-is  . 
(NASA  IV  X 68  304) 
HEAT  TOLERANCE 


poroj  7j73  23610 


pO?84  *J  ? » 7UJ  I 
1)1  Ilia  ■i.-'s.  a'lyys  .rse-l 


pO;89  N/2  2192b 


va-'osis  iye-*r>ai  » < -i  .i-.eo-  . pO-'  ?<.'  S 7 i 2 ">.3 6b 

HEAT  TRANSPER 

Hea:  I.'ii  Ila<  p-e-  liO'>  In*  l .-ti'  e Wad*-  les", 

pO:S  ; 7f  7 • 173  *4 
Meal  ! a-  sle*  arrl  haa’  f. .»  .-nejN  .-  g sc-  sp-n  Iv  -jas 
iy«t>.na  erg.rt<%'  pO?S7  7g  ? i W37’ 

Ha--^e  - heal  I'ans'e*  a'-d  i.o  -1  I ;-a  'r  A-a*-i;*  a*  a rs.-. 
cenie'  1*0' *3  U ’ ' 19S3'J 

Heal  hansle'  p'CfesseN  i i..  :i  i.i.-ye  -a.-  i 'o.iei 

lAGAHDAG  140  7l|  (.7)299  'J72  l29Ssj 

CJes-gn  letl.ng  and  y ve  o'  haa>  e I*  han<;e  s m 1 jsl'  e s 
and  ae'ospa-e  vehicles  :o'ie  e..:* 

lAGAftOlSS?)  0799  N72  I894h 

Cooipepi  heat  eachangeis  *yitn  la  ge  a.-i  -.-.nis  ol  -••ai 
iianafe' a-ea  p«' vpiyhe  un-i  a*d  i aai  i>ansie<  iiu  ' i-  i o.> 
PL..-.C- -e  •:.c  . *i’.*  'g?4' 

Meal  i-ansfei  and  p ei%'i:e  disl>  bt.lx)>-  'ales  a~d  C'i*'i 
pres'i^'e  p.oMas  lo-  ly  b-j'e*i  boynda-v  ia«e's  ii  »jbso-.i*; 
and  hype  ion-r  speeds  pO  • 79  N 7 ? 2030  i 

Ca  cs'a;.yn  n-  eih-5d  'o  ei;e  -na'  i-aai  . s s'e«  i ) '-jir.  ■« 

bledes  p0269  *I73  19607 

Teibn  (o‘  -1  easj-.rg  • eat  hai.sie-  - sho-i  -ij-ai-c.'* 

and  >epid  r va-f  ng  Homs 

IaGAROAG  IASI  pOlOD  N73  2094S 


-»i  <11-  '•a'-eiiia*  (;  ol.  I 


e*  ries  g -.jii«-  /al..->  . 00**1  *e?3  7‘0‘..' 

A ji,s  V -1..I  a«*.«*-*,.  a«-  a- •I,«.aii.  p-rpe-i  as -.i -o*a  , 
.I-.  I a .'^'i**"  I-:--  a;-r‘ -- a*  I«  !es  i * de.<* *• -■ 


,AC,AI»0  I S 63| 


on  a :.:ea"'  ae»;;eu.i:.  i.  a 'di-e"' 


f la  - •>  :a  s ..I  * 
I yn  'O  pe  l.--«i  #i-  e 


Roia'v  <s  ng  dev  g"  ire-hydoiogy  based  s ■>  'iy<>'->.ea' 
ac'ne'asbi.  ^'«de  loJ'--  a-aiys'S  piOOSb  N74  '0909 

Cu'.e'il  loads  ii- ’ - c' -os  loi  ^eiisopie- 'Oiy«>  bai*d 
on  >oio>  loads  con*; -lie-  f>-oy.«  - )n»  deleim  i-ing  fahg.jr 
das.g-'  loads  pVvlrv  * -4  I09l0 

P«ad  tion  ol  f.ei  -Ppie*  «oiO'  loads  based  o*.  a-ie-na 
|•■'g  a e'odvaniic  ii:ads  -npose.l  y-.  'Cia-y  vN*ng  a-»d  >oio- 
hut  p006€  N74  1091  1 

Hahropie'  <oiO'  loads  p-edcin  -s  ass  a--J 

le.Mni  i'j«s  ' ;i  .yt  »(.  -•-  (I  ai  aif  s s j'  ae  o**y  a ••■s  u *s 

lOOSft  *.74  'C3'2 
Roid'  Sysip.-^  r-es-g-*  and  e«al  ^ai-o--  us  'd  a ge-  e-a' 
p-  TXsse  he'-  cpie-  l lyx.  . .jiai.s-.  p ng.«-i 

(.00S6  ‘)74  10913 
the  p:ed  c*  ..n  yi  'yad  • j aihy  a-'  speed  se"  - 'yd 
ie'N:0(>:e-'  i.00^»8  N74  'C914 

LoaK  p-e-l-.i.s"  .neib-sds  ly  b '’•ye'ess  '..-r.'  heii."i>(- 
• e.s  p00S6  N74  109'6 

I'.iej  aied  <yiyi  >..jj  loads  p edsiio*. 

(.006  7 *j7  4 ’0916 
Il  hue  -'  e L.l  I i<h-.iiBo<  e nr.  belli-  0(.ia'  design  a-..]  ope.  aio*. 
ai-.s  js.s  :.i -.••■j-.'.-'ai''a-ds  f'".'  M.-'Si  .sd  a -.-i  passe:i.j“' 

. al'e-  :ed  bi  di'"-..sp-*e-i-  ru'7.«'^  se 

I -j0b9  .'.74  1 ; ?3b 

helicopter  ENGINES 

Pi<--1«.  I.G‘-  a -<1  ell  ei-.,  ol  sir.jl'  ga.  i .;{>  i e ei;y  -e 
bpi  or'e  a- d s./-G,e  see 

(At, A ID  l6  4c  7‘|  ,0261  N7l  2696' 

Oes.-J  a..:  c-.r  l..•T..  e ,;l  ;a-  > >‘b  'p  en;^.'|»^ 
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,.'w?62  ‘I  ■'  I .'696  2 

L • I * .-e  . ..  .1  ; . Is,,  t Ij.  • ••  .}  ..'  J4-.  I :•  » 
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O'ly  of  l•ll■ng  brw)>as  lO-  p*OK  ai  h>gh  ai|ils;<V 

pOO?  1 N74  14731 

LIGHT  (VISIBLE  9AOiAtlONl 

Oiat4ci«t>.i.f s of  ■maging  <ad-o?r.aia-s  •nataiAO  •'■ 
rr^ieoioioq  >.al  sai«l‘i'«i  lu>  obsa/ving  til*|‘ad  *rd  «ivtX* 
*eg.;*v  f>Ol92  N72  I9«97 

LIGHT  ALLOTS 

0«velopn.«ni  nt  atp«»ifnar*a  p'og  a'n  fo-  g 

'Oipmaa  and  konu-. ' 1 g»e  >ai>sianc«  o'  •>ghi«va>gM  a--'-*afi 
iltuclijiai  p0294  N73  29923 

LIGHT  SCArrEAlNG 

f f**ii  cl  Qt.aan  «“  i.g* : vcaii*'*''g  afiJ  atfe-'*yat*o  ‘ 

ga  at»>«’*'S  lO  . 1»  lypl*  a paore*l>*s  •••»•.,♦'•<. •rj  ti, 

<on-  •ttnai-.i  siyc  a d ship*  o*  pyiaK-jiate  -^a'l* 

p024I  S73  33626 
Maihe'T'i'tCil  theo'  €■■  >0-  d*leiaTt.r.  ng  lic^h!  p>i>ca  gal :a1>* 

lr»  s-»  eraiea  p02* * N73  33677 

L gh(  VC  a*i*  ir  g t#  »;a*iici*s  -o  sea  wa'*«  based  o ' .ototT.* 
vtai’ea  a»‘j  *v  Ktio*-.  an<J  poi  I SO  ead  '-j  <.(-o-* 

p0242  N73  3 I62R 

MeiSs»-e— *•■!  ->i  -ght  .sa:ie  0 i*  vi'x>-.'  a-g’es  ;.s*a*g 
po-'  • >pa«aa1  tji'f’o'*  ai-d  tT-oJo'al  vn  1*a*  S*"  a"  ••  Oa» 

lu' a i>c-i  !*■  *'tiK|ues  p024j  N?3  33629 

£1*^1  o*  va.io-js  'ia-ans*i*-s  oas  Id-  g ‘a'-gi  ufie  wai* 
v.po->  to*  ••a-‘<e»»  asd  t»  oad  bea-n  •■■•.T.>r>ai  o * 

p0242  n7j  33630 

A:.p:taM.  - ol  tcj***  lesh*  goes  'o  ca't  .'ata  sp*ea*d 
s'aM«tid  gV  to- c**:o‘a' spo’  Ga.;>s*a  • paoL’e  a‘d‘«i«a- 
SI  . ases  p0242  N73  3363? 

light  TRANSMISSION 

P e»dt*gs  o'  ..  « u*'  '•••  ••*gf  el  -.  a - 1 opta.-  • 

p‘o.i»  I as  of  s*a  eaaie*  Is-  at>c'-  a<*on  10  iua*»*Maa-<' 
aTiapo*ary  a iSfh ••••  al*0<-S  a»1v*S*6*'f* 
lAGAHO  -.9611  p024i  NM  33619 

Rad*aas<e  1-sr  *h.  ' oas  as  lu"  l.of-  <>*  "lapih  •'»  uPtie-  ••>•*1 
S'  O'eaai  a**-3  • »''  •••*:••  a**a'»s*s  oi  aa-o  »ppa'»"< 

ocif  ai  paore  i»es  ih.»c4i  jgoii 

Oiii.i.  ai  otooe-'f  <s  o<  py-e  a<>i  luat  .leasi  «.*•  ovaie- 

o0241  N73  13624 

( II#'  ! a>f  1^  lepih  a».-  I.yisi  #l’«-*ng  # • J #• 'aa  -^a'*'*  ' 

pa  amefe's  •*)  •*  •»de  'Ht*:a»  p*ooe*nes  .->iio«im  tO  t*f 
.o."ea  laar  ) w*  a»*d  sf'ape  o*  pad  • o'ai* 

p0241  N73  3362t 
i'.i  V.  •ri«a  -'a^bt  p«'i*  .•«v  •'  v«a  (^ai*'  based  on  v il-yan* 
v:atie'*np  ly  .<ou*>  a.-g  si  -ead  *.•  :*-o  • 

r*0242  N>3  33628 
£’>.f  o'  »a‘*o,s  pa*a‘he«e"-  o'*  'o-g  tanje  -c-dea#»aie- 
, s . ic  *.|  - "ow  i*  i b'*»ai  b#a  n 

pO?42  N73  3361  7 

A|.pi" a*  o'  t*.u -e*  •* :'•  •|•■e^  'o  <a'"  'ate  o.  »a<i 
s'.a  *•  ed  I jh|  l(>- ''aiii'a- spoi  (*a-'vs  an  p*o'**e  a~J**ne,- 
s'..t.  ■ is#v  p0242  M 33612 

Ac-1--'**.'  • S'*  --.a  u'S**«"T  #•  J I,  |!.l  v>  I l« 

le-#!#!#-  •iiyao  •ai  •)..  #<y|  . >.  Api  •>••.  o'  el'*-,  e ■ y I •- 
.a'O-..  -O-  r.0*4?  N7l  11613 

LINCOLN  EXPCRIMCNTAI SATELUTC5 

Apr  ca'*'-'*-  ol  ••  !'•  In-  #1  Ol-  senso  s up#  a!  '»y  . s Me 

Ip*  t'i  lo*  ^oail'n*  *«•  lu-.-o’-*  » •p«''aT*-»*»» 

; ••9?  .N72  ;990o 

LINE  SHAPE 

I' teg'af'd  p-*i*  u^es  ••■g  vy-»i**'*  ' .•  *(t  a i-'***  *• 

i>  -a.,  p.,t*.<es  i:0»S3N7?  ••»»92 

linear  PROORAMMINC 

H»dy-'.*a-  of  iia^'Slit'##-  p-*jg--a*» 0*Ohfe'»iV  V 

>e'l**e**i‘»  f-*  • *•♦•  sapy  *(»•'*■  '■  i p*0hi#/r* 

o0283  N;  • 2-31  31 
Pm  *«■*.  -l»,#a*j(  •'•*  ■' s a • f-e  Case  -'pi  -■»■  n'  o * ,-g  a ■• 

It  .■'•g  '■  aif»*r*' a'a'  <i  |l•*.g*a'•■'^■- -“g  a;»p'oa  * 

;.02*»6  -NM  »96C-1 

la  l•■g*a  I t^  a-i  a a.g  ^ go laf  .."i  s'-.  • l.i-’* 

les  . 5.0791:  Nf4 

S'  *i-e 'a|  *•*'•■/#■  f • #-n  ..g  a*f  • ••  g •-•■•I 

.rvHtell.a.g  I*,  rt..  , .»v  1.029?  N»4  » 

LINEAR  SYSTEMS 

,v.V  '.I  .!  #.|.  i'/,-..  ,-«'i  J * . .• 

X# y.l  -et<Vy\'r  . ai'idied  !'• -i  ii'M*  e i-'l- o**! ' 

' -c-e  1.072b  S7?  ? /hP4 


P0299  N72  1 2a50 


!■*>#,  a.,**  p*  I ; 

ivDO»4  fi7?  • l&.»6 


UQLMD  breathing 

Effes's  o*  pos-i  va  Gy  •.ceietamor  ga>  piood  otyg*'' 
salu>aiio<i  afO  pt«.uai  paewy  * >eiai>o''S  •a^  da-njs  baeaihafg 
a • ah'*  I Q;;id  buO'Oc  Ittjons  Ift  #ihOle  0O<1>  Mtl«i  ianfT-.«.soas 
'•V*  lO' 

InaSa  CR  I W 1991  P006B  N71  20399 

LIQUID  CCOLINO 

Oesig>i  ai'O  pa -lo- .'ha<. . • ol  ir>«aanOs-pfiOas  f jd  xOO<*d 
h.gh  entry  i«'rtpe  «:y  • •■■•i  eota»  luib  ■•* 

P0260  N7t  1 7399 

LIQUIO  metals 

Htai  nanslfla  in  1 4UI<)  •*'•(•!  'ooltd  gai  lybitN*  bfaajev 

o02»'0  S7l  1 7398 

0«se’Op'c«‘.|  of  vup«-  0<sdu.'litsg  hilrrsopola  tna'.f'OBS 
M.lfi  anu.lapfe  tliiC  V i~-9  VupeacOnd  vC|ia>-J  l.cld  iM>''0.asy  uV'''.9 
ligmO  ar.«ials  to'  aarreture  «•  d-ng  tua,:v.iv 

P0O64  N73  >9037 

LIQUID  AAOPELLANT  AOCkET  ENGINES 

Heal  i-aniie'  ptocessas  in  iQuitl  piapeiiam  <oc^»: 
«'»y.'-*v 

IaCaRO  AG  140  71|  P0299  N72  I2(t50 

LIVER 

ManageaKem  of  asydiplotiiaiiv.  ca‘t.ei»  ui  houain  -, 

assncataO  aihgen  n HeHen-c  A<a  Foace  petsoai.-iei 

p0083  N73  23060 

LOAC  s (FORCESI 

Faespcnse  u<  ge*';'*-  ■an' asiie.i  ^aies  to  ippl  ed  loads 
■n-ffi  <.u-jpii"g  be^Meen  b«i.di''-g  ai.d  aaiensioua:  -^v)«s  of 
.ie*o-iT.ji.of  P02I2  S73  2 7408 

Sue  n-i'ies  ol  papa.'s  paasenteo  10  AOARO  icnf*'*"se 
o*»  'a-doff-  iiad  laf-gvO 

1AGARDARS4I  O0292  S 73  28604 

LOGIC  CIRCUITS 

'Js  *g  c«l'  a'ar  'o'^  1 fi>i  paife'f  •ccp-  .|aO- 

pOI64  M2  1 1 1C8 

Spe CiJica’ a-e  .des-g  • ang-  ages  ic*  tog  c sis'ens 

P0I68  S74  1 39:c 

LOGIC  DESIGN 

Coar-p.’a.  i.ded  placaane.-l  and  *'7V*  gi  n gh  dea>-,i|, 

hp  .'.-i,-i,una)eciiO’>  vysi* "ns  pO  168  S74  13937 

LOGISTICS 

Dav«iop<neni  a>-.0  cbe  awia-isiics  oi  dya-  caago  nooh 
Vasre*--  ’0-  use  on  •ri:.’.‘.f>  : ans(;o  t ^•e■ll^ole.s 

P'3048  N7.-  2 '02: 

LONG  TERM  EFFECTS 

Rfs-aJja’  fliec's  o'  hrP"  'I'jgi  y-  haj-na-  -**.-«Ovs 

I— >:i  'iai  a<  d perfo"i»ia-.'*  p’3OG0  N73  2 i '06 

pedo-r-ai*' * a*d  s'eep  i.iti**ns  i<s  ip-g  djteiior 
li.gKis  i-d  (nonoi  ol  hrp>>n;<  d yg  and  akoho'  use 

p(XeO  N73  21  107 
Rhvs>oioo  a it  asr#' : ■ ol  sleep  'Jl:i-oi>  io  ai  i;t«Ms  ab*- 
(>-i>io<'g»d  R.-jhi  iite'as  p006C  N73  2 1 '08 

6b*<-is  of  .son>at>a1  laaaiai'tnt  o*>  p 't.l  peifoitnanc  # 

pOOeO  N73  2 1111 

LONG  WAVE  RAOIAMON 

$ia'<s:.<ai  evaiuaiiuti  pi  fadmg  s a-ysed  by  •oie  tr.'>d  iiaiio  ‘ 
•a  coat  b-oed  lotag  wave  b'oadband  p y'lagaim'i 
iCNf  T H!  ts?  ARM  t|  pOM  7 S7  1 2 I4:,j 

LONOIIUPINAL  CONTROL 

i.'.ritaeasce  of  luad  and  vk>.'^  loa  r ■ .l■■6<Jl'0'>  o*>  'aioai 
a d ic'iyiud  nai  n>aneuvr  an  iiiy  c'  ■ -'afi 

C.0044  N?3  f6998 

LONOITUOINAI  STAp-LlTY 

Cffe - Is  Of  .t  x'la  a 1*  isi.  1 C"  i<.uqi|..  s uai  siaiui.iv 
syfAa-.0  • f'l^b*  jiX>44  '.'3  16997 

liati  n of  ().C3'  a *d  a . ab  < bi.#-  iei.si<  v u<i  s*».  ■ :<jiai 
•n*ds  0(.e 'at.o.'ii  f g^-i  '••..»•'  J »iit)f  s 'yt  "aTipiaj,# 

->*r.ts  ■'  '•  yM  la,  ‘ealj  ' ;0'-’ay  piot.l*...' 

lAGaf'I^  P ht:>d|  ;.'>098  N.’4  ‘-7/2S 

LORAS 

Nar.ga!  a;i»  g-i  e v',-:  p.i'e-  • eg  ..a * T ef ' V f ' ■••leg- 

#:*-1  » a»  gi'  as  . I .n.j  . . nb.-.i‘  t)--  a, I „..|(.uls  ol 

■ OpPf  !*•  »'  1 o-d  oO  I •)  a S / y / I : i 4 

Apl.l  il-',*.  o'  las  a I .r.e-l.il  ' ib‘0  ■.  < let-  i'd  If 
' “e  a yih  *o  f - 1 *■!  le»» • .^a-*-  |:'y2 29  '» ? 3 ?0 70 ' 
C'.»  a'l*'  --I-  S of  t -r«S'.  * 4a*a  aii,..g4|,  ^r>  •'  .1  p.t  e •:  ini 

•PpitciliOaa  "o  a-'  ;aati  • ..n-i  o’  l.i.-iir,  •- 

i.-y?  j » n?y  23690 

Hf  n eas  . eifeaiis  ol  '•■  eci-  #>i«e  -Ife  le-  t spe  I'a 
•isiny  B ay  g i>.i:ks  •:!•■'  a I J e I 01 4fl  't  7 4 13067 

lORAN  C 

Aj;r  »'  I - a;'  a-  fK^aue  <1  y • oaa  , -,iv«.  lo  a • C 0 

' 3 f>  '*eya  a.jv..^a‘-  a-  '■  yai'i  !•■  * s.Me-' 

p'.lti?  N72  7'2?6 

lORAN  O 

Apl-I  • •!  O - <»f  e •'  -j-t4  ■ U'0|...’*.S  I C 0 

4 1 Cgat-eya  .}•  ga'-  .-  a ■'  y.  d(  x, 

„ N ’2  -22S 

LOW  Alll^UDE 

*1.  j'.i  i*-.i  *«•!  .ai.  .1.  i-*  . . -ta  . a -•  aM  •oe.  '■  y 

.;.e..-a  ;.».f., a -e  .i-y7?9'lM  .'l47  ’ 

- #1  .,r-e-s  , ■ ’<n?  *. '?  ' ‘3?* 

p .«iia  us  A'...,  ..;a'.  tv  uj 

»—  *'i  ,.■>  . t?  fl7  7 1 ■<)?  7 


LIPID  M(  TAac^LlSM 


X .1,-e.  I\  tr'  ('.e  I r.At  SA  V . a'  !*.•*■»•-•■.■•  «1-  .^•^e 

U’PiH  ? N74  • 38^1 

LIQUIO  bfARlNGS 


LOW  SPEED  stability 

* ,1  --  . » y PI...  tiip.  I 

'a  ■ •!.  81  u . I a»-'.  t 

|.  !•>!  |.••la)•^  J . 

LOW  SPEED  WIND  TUNNIlS 

Itie.  ee  I A I ;.i  - n'  le  a 


. a I-  . , a'.  ' ' 

|.'.<«-34-  ',n  •4yd') 


,.0721 


J 


SUBJfCT  IMr-fX 


MATHEMATICAL  MODELS 


t O'lh  •'<1  'U'"  •■'•pNliyal'lV.  «»l  ti.-ti  !»•  .1 

i«T«>  lit^  «'ung  ';-e«'»‘vs>v#  • o-i  «< 

t-0100  :02u.‘ 

O*  I^Ms  •■>  l,i«s  Ij  ' r- 

jml  Ij-  •n»*vu‘"*y  .••  •' 

n->oiiO'-  nO • 73  N^3  2b?4- 

(lv,iO  n-ul>U'-  p'Ob<«'"'  •■  <1  ripei«|.«.”-  Ol 

4o<i  IV  ;u-  ■■•>U 

lAr.ARO  M 60?1  i»0'83  N73  26?  7'J 

P-uW*  -.s  of  d I . ••e'  . g*-  *•  0 • ‘j 

|A(,A«0  S 6001  -Ol  73  S>4  169P  » 

S<"  '#  < o n *e  Af'O  - ol  *•::.<»«  o*  S[.«*  J • j- 

I j-o»«  pOl  73  S74  I6<i80 

LOW  TCMPCAATURf  tNVIRONMiNTS 

. 4»o--  ^ ■'  k ••  y ■■  •■il-#  ■ s 

» •viiO'-'’*- In  t»O^770  N7;  201b7 

LOW  VlSltUlTV 

Method  'O'  i j '•.  *0'  •-.^^■1  Mie\ 

lo  ri  ••  N'-.-Tiei  I o 4 i»  •■••el  • eoo'o.^  i>  pe  'ii  i»-e-  ■ e 

leo  - lo-  -T  iii4  - r h«i . p003  N 7 ? 11919 

LUtRiCANT  TC^TS 

P op*-l^.  »,  J *1  <•  ,:l  I ||  ij.-'  4 .*.  I.iel  - '•.  ..NH 

4<T.rt  I.  j ' ■.••!  gi  . • - l:i-  v 

;SA-bA  (P  i;?B4?|  pG.'-'sA  ‘J  \ • >*  j4 

LU6AICANTS 

|A(...Ro  r.p  84  ."I  i-O.  ^ : n;:?  ii*bH 


MACNU&  (liCT 

i 4 4 ‘f*nr  -.,14:  •!-4!»  -vlAI*  4 

lAGAHOA;-.  Wi;  N74  *3.’'0 

MAINTENANCE 

Tisi’i  sf -jt  o-‘  4- •!  •!  J- iiei* ! *.e  •«•  • »i  * «>i  4 Kj<-  4-1 

.1  e>i-4.  >-4«  g4t O'-  NiMe  • pO? 71  N 7 3 207  1 j 

MA^'  MACHINE  SYSTEMS 

Hi>rt<4<-.  >4  lO's  •-  4->.‘4l| 

lAf.AftO  CP  79  7c;  pO!7i  N7t  ;60»'0 

t • »j  e4'*  y 4---4't ' ' • • -4'-*  ••  e-  '.4  •-.  % In'  •*-  -.14:  j 

. . 4-  ..4»*  ,,OI7.'N7l  ’.fcObe 

C •"  P4I-4-N  J'-  4M  <-  •*•  4 <Wiltt  4"  i.h4« -N 

0“  p t'lc—  '4.  oyn.li>-  • 4 -t  iii4  - t've  i>  ohie  * 

nOI.-  . 

lAGAHO  CP  94  7 *,  I O)^  1 N 7?  1 1 ' >4 

$414.  - lit  <.4:  .-4'  l-»'-J.iJ«;4  *c-  »4  :>4  . "td  »••  4 

. nir'-'  ,i>  > 4*  •-»••  '■-  - il  i'**!  NV 

I.OISI  N7?  1 1 I 78 

M4  "Ni-  r»  ->|.N>  04  •’  IO*»4*J  4 I 

V.*“4-i-.  .-  y 41  *n-k  Qt,  ••-n  ‘*1 9® 

O4  , y>.''y  «k4  .4'o  --  • ‘4Nvt  ji'U-t  ' f ile-r*  -,  ••  le  4<.l-v4 

.>•4  .>  d.  1.0|A4  N.2  *•?<'»? 

P--  ?d*i»  ..N.  .1  ••  d -IJ  -.-■4  . I - 

I . •?.  j • d - - ••  4*  •• 

; •J-'.-'  S7  ' -K  -t 
O'  »e  o;  • I • • >.l  . . ••"•»•!  < y.|,4*..  .;•-•■  1 .1  J-  -1 

4-'  >44-:...  193  N72  'S*;-.''. 

tl  . !4  -4  4->-|  •,..••>  . >1  \(  I,  .|4  Ji.  I.,  d - dll  4 I 

si>4  4 -d«-  . O'  <4-4.  , 4 

• •'  9M  .'J  N.».’  .2h.'‘ 


MAP  MATCHING  GUIDANCE 

A;.;  ' di  >■>  . J.  .1  vt  4 j|  - • ' ji  4 > 4.  4 4 A '<■  I"  • 4 14.  ■ 

'•  d'  -g4l  '•-•  N , •>  • iiiil.i.l' , r.r  ■ 'll."  C . 

,.-_X;34  N7?  • 1938 

MAPS 

< "-.111  •!•  i-idt  %.>!€•>•  •.  .1  -Ni  1 4>  : • *■4.  ' 

(pd  I •>  i.biiiC  1 ti>d|i  C P I d <1  C'^>  lM>  > ■ A>'i  yp  d'p  I 
d.sp'd.N  :'0224  S72  27634 

MAARINC 

Md-ki.-g\  '.I  i-.|i,il  I4<  •-•l| 

lAGARO  AH  b6l  ',.’4  .^/Ij 

MAATCNStriC  STAINLESS  STfElS 

Ellp  IS  ol  -Cdl  c-Pdlo  e-  I t-{f  .-i-f  !.,.4  d I les' 

«.•!  o • IMI.  I -6r  -i  -Idl-O'  I J.ijp  «•)  . e^i- 

• I-.  -.-.i  >:>« «s  , o"us>  j-'s  . y 'pvi s I i028fi  S 7 7 . ■ 9?  3 

MASS  PLOW 

A'.d-.l-Nd'  d^  -.is^  d I Ipllt  |»el  J.  jl 

jvd-tcs  i.jiik'-.  ' li.«*  i.  - ii.dinij  aiiji  T-d''  ii.)vs 

v4-A-> • i0268  N73  1980^ 

MASS  RATIOS 

j>  Jl  — --.Hiei'  d 1 ‘dll  I e-  - d'  1 i.4-i(j‘“  4 • ^ 

I -.r.n'l  7 f .-A  -i  > 

MAS*>  SPE  CTROMETERS 

i.i.  . J.  14-  • s ..I  4,  |...  . j;  . , ,e  fp.J  .•  1 . SI.-4  • . - . 


MASS  TRANSfE  A 


.•I  I i4  ■•-.Id- , ij,e- 

•;  O dil.4  i:  d s.i  I J . 


1 t.  f .dVr. 

.A'.AMO  AH  44|  fcO.’SS  N 2 78  • ' 

LURRlCATlNG  OlL$ 

A d.,i  d>  - 41.'. o. In  * j.  4d  l,  ••!»<>*  .l••^.l  I .t' 
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i'l'jM  1 1.1.|I.,I  1.0229  N.’l  2 342  7 

H*'.0V'I4'  y*j«l4  ...«  4 -d  lO-.l  .vr.l4#-KA 

I AI  lABL'  CP  8b  ' 1 1 i.iiC  J(.  N 72  I 1 9 I s 

US  A r*4l-  P(  Iv'  •Ml*  ■»>••  t . II  V •III*-.-  *i.d  l-.hi'* 

7*e‘AOtH4l  4<)  l•l•^>«rU  • ‘<1  <1*1  ilppr  .41  il> 

fKTOJO  9 72  1(9(6 
Op*'ii  'i4l  u'  d i'->'Ti4'**.  II  J»-l  or  i<i>(  . o •.  *(il*.  ti.-  : ijiM 
•■ein. A'lb  Af*|f*e'  ti|'i»*.i.i,  i-t03o  S7.'  1 191  7 
Ma'IhnI  t 1'  ,41.  ,l4l-'..|  wVilfifi  rt  I-  .<vg  r.i  s■^4-  vigi 

111  Ilr I ■■\!-..rii4i,|  O'  4 *.  I p.  - j4i.i  • 4 

'•.I.,..4.r.*  ;|i  A,.-  .1.  .Ijr,  ,-003l  ^72  ''919 

1(1,^  • ilNi  4'i  avr  girtgi  v^il  . lyi-.ed  • r*>.|4i  o<  - * , .I4.*  . 

'.I4-,  r-.4i._ypij.i  p*X>3i  HJj  l»92» 

So"  i p'chlAif*i  ..  d««»iop>--q  ii'i.  I'ila  f-  y^l  ...--.o' 
ntms— • Jf.i  f*4i..  opi»->  .003  1 H)2  ;1922 

. •<4y4t»d  kjM  4I('1<a3«  IliyM  iO»l'Ai  <o-  >*>l.|4.v 

• i'l.-i.ie.v  fx>13.'  Si7  2 1 1924 

B«<lvi"in  4 l|,-  ti'i'  4 l4->tr*y  g d 41  {v-tgbl4 

g -t>,i  -.t  •.»g(...-i  .11  ,4.  I 1 4f  bglK.  yplet  c D4-  41^-  % 

1.0032  \I2  I 19.  ** 

i*  aM--i.4if.  i .d  .-...1:4  III  •'.-  .,4 

- i"<332  S72  ••  -92b 

14-  4-.  »*.,.d4..  4 -i-lj.  lo  uS  A ¥,...i; 

i -.  -gi’  . /W132  S 72  1 19.-  7 

Hli  11  \*.|*  . .g  d 'OI.I'N  I • I4I1  -|il4-  g .tu-<.Ml  l,/4- 

•5«'y  , l«032  *i72  I '9:8 

■(  . .,1  lif.-.l,  4.I.J'  4 .|.r..i  . 14  '.  vVf, : 1 -g,  1 

I -I  ...'4  i.')03  I S72  • •93  ■ 

Al-,  !•-  ili-l  s 4'.  1 i-y4i,tl  ..ligl  4 4 M I > . e.  >4,1 

■ •41-  I >>  ,14  i.>  ...  ,1  ,1,1  r.»  ..|.I4  . 

I 0034  S72  : 1938 

I"  P 1..4.1  <•  -IS.'  ■•-•.14  , l.»l..  . , ;e-  ( g'.l  14  ' 14.  t -.  1..4S 

(-.  |M.  . .Ig  d ,lg  (|>  .4(41,  ■ 4 I 'J.l  4lh  I , i l -4-.gl.  '.’, 

I-J04  7 S73  .'10  5 3 

d'  "*'  -I  i-  5 . '.g  I*..  • . s l-.gi  4..^..  i,^,,g 

s.si*.'  I.i’  .r  ti’i  - • «i , ‘ 4.. 6* 

jO>348  % 7 3 ,•  102  2 

MlllTAMV  MSVCHOlOCr 

Cl'  i’  I , • f -g  , 4 -1  S',  '1.4 1-  ..I  *1.4  g^-.-  .,.4-  r 

-|.#  i'  4I  4 . .•-.14.4-..  4 

iA'.APO  rp  5 331  ,"X>e8  N.‘4  ift;;*# 

His  .:is  .»*  >^(>4v  'I  .’  4p,  . Ii«-  4 

1 1H18B  *,74  »8  782 

( f'  »•  I If  • . . / I I I4  ;-4nn  •.  4 II  i .'41  • •-  «>1  ••  I 4 , 

4C.4  t,  A.,s(4..  •,  .4.  '4i  4,  ;.  .,4  6,..meQ  ‘..'d  >8  79  I 

MlUTAMV  TCCHNOLOCV 

$*>•*•  ig  *.  41  I4-.  :AB-2  •«  1 1 s.  ,.1.4 

• S. 

jA  iAM.i  All  S’  ' , Ji  1|  , 3'if  I ■ js,.  I 

S"  •'  Ii  ' -i  • -stfs  1..-  !9flt)  4'  1 iiii.>  Il  S'li,..'  »- 

iAiiAWU  AP  s;  ,Oi  U ,.n  K)7  i .--J  IS  -1 

S"  4*  (4-  > 4 " If.  198'i  4 ••  iii...  • 

;.M.AP|;  aB  s;  u 21  I 'I2(.p » « ' : ' js 


I *W3  '";0t 

- ■ - . 141  , . , 

:0'33  S7j  ,/ij: 


A'.AOO  A .,•  Vi. 

•fsi4-  I-  t '1  •••»»»-  ■ 


MULIMCTCB  WAVCS 

Mi4  ..li.i  i.ils  -f  .g..  r^M  , 
asgai'^'  gd'-- 

MINlCOM»UT(M5 

A -■  ...  0 . I ..;4-  ;.4s4'i  . .(■,• 


I >P(*  » UMf  - .14  •/* 

MINKOWSKI  SPACC 

N-.-  41  I- 1*4.. 

MIRACf  3 AIRCAAf  T 

7*  - 4 I I-..,', 

Vi.'iyf  3 S • V- 

Ml&AUGNMI  NT 

-.1  l-l4«'  ..  • 

MISS  DISTANCE 


MiSStlE  COMPONENTS 

p'.-  44  ; , ..I  . (4-4  - 


lAr.A'M,  r ;:td( 


1 l .’I  / 14 


; • I ll>4  N /d  • I h in 

.11 1 :4  / I 21411 

j!.'.i.  ,sli<. 

I '.9  ».  'd  lf.9.'  / 

4 4,  l.-i 

4l-i.-  - i;vs  •-* 

. ‘ilbO  N .’4  If.-lPP 

...'  ^.vi4...  avl.->  4 

V-  -}..l'  4 . 

1 N 7 '119; 

,.■•  I I.I4  -.1  J I ,4  I- 

I - p.-i 


,,.1K»-1  N ' - !b/BH 
; f-W>7»‘.  N/4  • 3(9/ 
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MISSILE  CONFIGURATIONS 


SUBJECT  INDEX 


MttttLC  CONFiaUMATlONt 

toi  198O  •■>(]  h«YO''d  Volii-re 

» Swi>m«rY 

(AGAAO  Aft  5?  1 VOl  l|  p0306  * M MSOJ 

fo<  i960  tMvOixl 

'■  {■•culiv*  •»mm#ry 

(AGARO  AR  S7  VOl  'I  p030?  X74  73S04 

Sm^tl  tK<ctl  nMt%il«5  >0'  I960  A<V)  tMvOAO  ' 

(AGAftO  Aft  b?  VOl  J)  p030?  *;4  MSOS 

3''«lv»i«  0*  dO^^.W»»h 

olr^'jv'^iau  pOOO?  N?1  19360 

of  •Hack  inducad  >o'i*r'0  ?r>c-»*nt  of 

kM  «%{)•<  I t#|io  ntivt>(«  41  \ge«4l 

p0002  NM  19363 

MI66UI  CONTROL 

T«QhO'<)u««  fO'  i.ooi>ol  arxl  gvifla'x.t  0< 

«lth  amClh^M  0<^  C041  r*l<ahililY  «n.1  p*rfoimar--;« 

lAGARO  IS  S2|  p0226  N’2  27661 

A^tpKCtiOO  of  CO^I'Ol  tytlfot  (•0<ji'«O<«ni>  lo  LfvOlOO 

'noot  o*  wt*pon 

p022&  N72  27663 

NufTtoti(a)  aoAly^ik  of  adpnmi  aoxaiion^  yialrting  a>>o> 
•A'-iil  yil-ss  I'M  rt4i  Ajc'  »t1  lO  goila'  C4  t 1 iOil  ul 

of  ir-.\»  ley  pi7r‘26  N72  2 7684 

CH:I  l.r.#a-  YyM«-n  jga  nsl  •|j*dia-'  - <&M  <u-  «. ! o<* 

•opf**" ♦I'O'"-  <o  gu»i«->  .•  . oni-'ui  si# lii  i*c!"  ai 

‘Tii\v  «%  pO?26  S7.'  2 76 8S 

a»-o  arpi-«.4i'0''  of  R ait>a'-  1iI:«-  l•;hnla  iti 
(b  gu><]a''-.*  and  looi'oi  ol  ta  i«.ai  iv.Yv:as 

pO;  ?6  N7?  2 7686 

A lAI  Y^I'.  of  d>  4-lal  an  1 a''e'v>g  ■ «>niyul# 

I of  u .-da  • • an,l  • ii'>i‘ j'  a -'1a:>c.i 

0l  »-tl>-id  ^•'nt.iai  oi  p-.xartj'A^  O-tJ  2 1>  ^72  ?7687 

r.7a  a<’ i»‘->ii' ' 0(  *iao  irt  a'  i».  n.  i*i  .|•.■da''' •• 

• yMarTty  ai«a  uoaia'oi^  amO  gat'd  i'a.k«M\  Cti 

g^-dar^:*  ai  d of  ia<  <•'  a at 

dO?27  S72  27688 
Application  of  gu  da  lo  •.O'-iir.:  a-' d g'nda  'I 

o'  la-.luai  <1  •^^l■f•>  to  ‘e  iu',»  airoi.'ii  r.l  •!  diva  ■.♦ 

p02?7  s;,'  2 7689 

i-yi-a'  gu»<1a- - e «- •>  a*  d 

aoi-i«d  In  t O'.i  ii'  ai  d gu  da-  of  la  .i-i  a'  n l^^  i»\ 

p0227  H'2  2 7690 
•'  a iia'  ijyida'''  « im  g-i»>  ly  n -v,ou's«  g .i-'a  i 

itin  '«ai  g.j  dan  « t>%taT>k  * m apn'  sa><on  lo  a«'i 

go-la'H.*  < f la-.'-ua' d'.4»dofi  <'>i«via>  pOJ  2 * S?2  2769i 
Cnaiai  n of  I o'’-.n>*r  c1  i J '-ra  ol  ii;|*m  g ^idaiK  4 a ' 3 

acliwa  hoi"  ng  iTi%\ii*  s,Y««i«s  apo' «d  10  « 

af*.*  /\ni-nlnli»><‘«’»-<>.'»' 

Ayyili.  ai'v'  vf  ••  I.  • a f 4 g>i  da  ••  r >4'‘nu  ^ a*.  • " a 

an'  liif  •<  i(  oi  sytiacis  <j$ad  in  nn\sii«  a'lack  0“  ^n-ar 
ta-’"  JI  la  gtTs  p0227  S'2  2 7693 

ftjj#  iji  yi'Ti.'a>ion%  III  (r#  and  Je««'->ynian!  «,i 

ih4  CROTAlf  kyyiai"  gi.iifi'd  lo  a-  < 'o^a  naf«nY« 
Maapon  ST-iifTi  c0237  S74  taiS'j 

fa*  nina'  gu'dai-<.a  siM#'"  laiti'-g  oavad  o*'  > 

• v<  Ilk#  14  My  a 'd  « a Ilf  H aiiu'i  6> : "dad  >.«a  fi'nigy  in  •'  c‘aa^a 

lav  1.011  af'a<ii«enaik  p0237  N74  14396 

MlIiiLC  OfSiON 

S"a'i  'a-i<ai  ly  i960  a^d  ha,c<i.l  - ^ 

t Sum'i'Jif 

lAGAftO  Aft  97  t vOl  !i  p030fr  x;i  / jS-  , 

Tat h;ii  |.>as  If)'  ■ O'  '-I,-  and  gu  fa-'  a of  Id'  I • a'  oiyy 
*dh  tfrphain  0‘i  i.jv  <#' ar'-'-!»  a -d  i>a''-i  r>»  n 
lAGAftO  13  921  pO?26  N-’2  2 768  ' 

M-.mo'-  'ao-.-ai^aniv  ip'  »■■  to  a--  " -.k.ie  a-)  du| 

•.y  rolf'  o'Oyam  to  yint7i''.i‘e  agu  <a  nenn  • to  fi  a 
iio.  nj.y  davgi.  pO?26  N7;  2 7682 

Appi-i.  a 1-0')  of  ■.o-i'i'i  yyyi»  ii  '*■■  11/41^. ity  to  dava' 
rt-.ai  ’ .,1  I 4.  II.  ai  " 

pO.’  26  S7?  2 76ft  t 

S i<T-^i --  ji  a.i/,1 , i-4  ol  ad  I '■!  la'  o'- ■«  T-a  d ••  j f 
b4'-yi|  I «d  «S  •»''  «tfi  y I s' a rn,  ayp  I ad  to  g-.-l4  <a  a 1<  0;-»  I.t 
of  la  1 -.a!  '^iss-'-,  pO?26  N72  27fi64 

Opii'Tii/i' g iK-aai  yysif  .T)  j.ja  nyi  .ji,j.i<|i.i  c'/yi'u  < « 
and  appli'  alien  I ) g.j  da;  1 a a-'.l  (.O' I'Ol  yiSiaiTi  l■-•.  f-.ji 

'"■■‘'■ay  p0226  N72  //.»89 

Of»ai<>()"'a-i  a id  aoo'  cat  on  o'  Hai'na"  • na  :a  hn  , i»i . 
10  gvidan.  a a-id  I o'.'-nt  of  la-  III  at 

t0726  N72  2 7686 
Aia‘,vv  o*  d-g  tji  .i  d analog  to-'-pi  ■'  le'-'  j.a.  '••■• 
y.i*s  I'aiio-  of  /nitsi'a  g-.ida'i'  a 3 id  - onff;'  a-d  ai; ' at-'..- 
o(  I., M.I  ..lain,  . rd--  *.  ifO/26  N*;  2 7687 

f-t-a  a laiis'i  s •,*  i*o  npi-  a>  la-  141  g'  dan  »• 

j'«a  j--aia'iny  a d giiad  l a a#'  ^sa  I lo' 


• i»i  j i-da-  • la. 

IM'a  . (II  -f  |ij<  a i 


aPT  'ad  to  . onf  -.i  a<  d ^ .ida'':» 


I'-fti#'  gnifla'-'a  (#'■*  •'!  » 


MISSION  RLANNINQ 

ftaiaion.sh.p  baiwaan  fi.>t}Oi-.  .a^is.ii«-nei.iy  of  piioiad 
aiiw'jh  itabiidy  a»d 'Tsana.i^atah.i.iy  p0044  N73  >6999 
MIXING  ICNQTH  PLOW  THIORV 

Ch.lia«.fanMN  ‘Ca'ai  a'^d  rr-*.ng  ‘angth  r>'el60dy  *0' 
dtia-'TkininM  (ud-c'ani  bcu-da*>  laya'y  kfcilh  'raij  uaoyfa 
potso  N72  20304 

MOOAl  ftCSftONSC 

*3  .ihariaiica.  mod^iiit'g  of  a-‘c'afi  «i'..'-i,,fa'  >«y{y;  «.a 
nxxlay  to  iciiva  .onuot  yyvians  p0007  N7 '•  2T212 

.AOOEIS 

My.-laiy  ipi  head  ■»»  o » p>ai1<io>i  and  ha'n-aty  a^d 
piadiciioi  of  op  I in' nm  h«i<Ykai  pario''ika-'y:a 

pOiC4  N72  19I61 

MOOULATiON 

Appt-cafion  of  • hnp  modufaiiO".  lo  rrp.-ova  ada*  ii»an-a 
of  yaicd.ia  lo  a ifiafi  <.om'r.jr.ca(K>»  pOl94  N.*2  196T4 

MODULUS  OP  CLASriCiTV 

C iianso-"ai‘>c  n-a^au-airtamy  ot  aiayiin  inod.iiui  oi 
■ avn  libei  lOknooni:#  .-Ysaia' a'y  p02C7  N72  *24^5 

MOLCCUlAft  STAUCTUAC 

Co-n.pti'n.  ^rfted  -rkol  nf  g ap"-  • 'nfo  f-.yli.~il  y.i  fie  ni.  Al 

y*-M'li.-ay  *>y  hey'ko  f sg  ;irda-  vd  a‘  ,-01!n,f  o<  diypl.l, 
a ^^0tS.'  S7?  22  f 70 

MOMENTUM 

6"  yty  a*  d »».aAf».,i.ix*'  ••-orr.m.iufrs  i»ta.ty  • • »a  -a“3“»  - 
a 'd  Ij'bsj’an;  bu  r dafv  ia,a-  pOi  7<>  N72  202  7; 

MONKEYS 

Aga  a‘d  e*a>-:-ya  la*.‘‘o  c of  g oyi^cpo  o-  s 6o-  a 

y!«»»igV  jn«J  a*  ■ «ia  »{.,>n  -'dafan  a •••vaMigaia.l  uy  1, 
•f-as-is  • j-  •ak'i 

iAMfti  IM  70  74,  eOC68  N7:  203S9 

Na--ot-si  jfVl  fj.l  .>g  aj,.-r  .I'-senfa;- .n  yl  .pi-al  'a.ime 

and  a ia:ai  <ta<a*.  ly.nani  pa«ia  - y f>«\  . fnc 

kayy 

|AM«l  TH  / I m;  ,,0l  • «/2  1909 

A-Sanca-i-s  Of  •raad- fth.asvy  fh‘-  *a,s  - an  , oj  d. 

fo'hpn-a.i  «•  *sAai.  I.  (.0083  N73  23063 

MONTE  CARLO  MCTMOO 

A*  nta  Cade  »<  viai-->  o*- <•. •p»  pionaf  fd»  -list  bi.i  i • 

- s#  M g syi'^n^  -.a*i-ai  6.  •afa''.a  . •»»■«  yi 
T.ad  , n p0t2i  ur?  :61 

M:.  i«  C-*  la  y -*ai  o • »•••  .1  J-  d.a  ! . a I'm  ya'i  '•■'I 
sO'*y  tia-i -g  p 'oi  I a;*a-  "af'  a dcg-adat*0" 

.)0280  S73  23899 

MOftftHOlOGV 

In  fyo'anis  a-d  -lOM)'-"  o>i-  a-  vai'V's  o'  '*oia-  viam  • 
.n.d'*->n  ••n;-K*i-/i--g  'imii  s'-*afki  o 

• '.>tat)'.|,  ;.0>33  N72  2 H48 

MORTALITY 

lAaiif  a-  fji  In*  ■ I < a.r  -4fi  a dan* . 

.'0030  S-M  2343-. 

l#tr  a na^d  I'.;  I ■«■!  to -•  a-'- yfyi'i;'"  jn-.da  /*ata-  a»s*t 

lOr  daio-ai*')'*  of  fi-»i.'a  la*  (-O'fX'NT’  19OS 

MOTION  SICKNESS 

0*»alf»P  ' am  *;*  in»i»  . <0  a i-..  na-'  'na- ••ony  tv 


nyi'*-.)-  y.  ' - asy  ? 
P • I.  ( f|i  ;.|  , 


i>0072  N72  2S044 
( 0104  N '3  t 9 44 


iAC.AMO  C®  1091  1.0.378  0 7 1 /I092 

1 Up  an'  basas  lo-  si-  #|>ll:lil,  (I-Pdi  li  1-1 

y.  i.  ^S-.  , '2078  ?a-’3  ; 1093 

C»  » (••:/.»•»•-•»%  ».••  y«  p.  li-ig  ,1  |..*  ,-P-sV  >a  t».tsP  I 
o«  ; J y;  , ..|.n  • t . .n---!!.,..  . ».ip-,y  (i.X'78  N7.1  2 lf/94 

A .lani  «ti  l.l . 1-  - ••  la  f.-v  >"»  •—  • 

s ' ^ s IS.  ify  • , I'O^fe  S7  3 2 I'.'ft*. 

(....  4XS*--  • I • s 

' *.  ■ pp,  .rr  r.l  f-  • g ..S  .a'  l-'-l 'a.--  a-.'l  . 

(.0079  N.'  I 2 I09‘. 
:>••  a»  P’ . .;  pdi-)*' »-ip  a'd  -p.  • n -i^p*  dp  p 
b ps  #y  i-'ad.  rii' . i»f  . 1 Nas «'  a lair;  ’ « • • i 

i0079  N73  2 t'D9' 

0-  ^ .-a-  »•  - ..:ai“  -»•  i- 1 . -•;!  sia*>da  1 rpit  • . - -ji.  -.i.f.  . 

f.e*  >pip'.:i  . (p-.i  4 • I '•  ;"a6  ■ 'at ''-.I- ji  y « u *i»i' 

I ‘X779  N7l  2 «v9e 
P*,>1.-||-  f n 'n-.pp  l-.g.k  I .-jl.  .P-Vi  ig  s:n  1#  • 
J;  ff"  ••  8nl  ^ a*-  A ‘n  - p * r - ,fc-  P-. . 


fc07/7  fi?2  2 7 688 


•I  -ji  , d s;a  (.a 

p0?2  7 -V  72  2 768‘2 


p0??7  7,  ;2  2 7691 
d'O'i'".*  gij  da  •'  p A d 


4-.io»f  lyy  t,:)?2  7 s 7 7 2 769  I 


ii.iu  'i  a'in  a«'-d  . iiyii-  *»i 

4 •/'  jSs  -ft  IP-,  a. ill 


MOUNTAINS 

ff pd  Cl  ‘A-i.a  d If  ■> 


i C :79  I 
1.  aflp  I . a..  I • n* 


( 0l'>9  •••  4 20744 


I '2301  N7  • /3S01 


(fOOftS  N74  1878s 


MUlTtCHANNlL  COMMUNICATION 

TV-a  .ita'ieiaion  o>  p'ooagaiic  atlas's  ai>0  tlay,gn  iastO‘> 

lu'  fiieO  y«'visa  so'’'Tmn.  saiib'-s  yait'iia  lyvansi 

:;0149  N74  I 387  1 

multipath  Tft.ANSMlSSION 

Opii'nal  "(.iiipip  actayy  ys>ipi.y  jnu  :igpoyp)*a'i.,  Pat^ 
pa-an'slt'k  to-  apat  a commun  -;aiiony  pO'lS  N7l  ?t42' 
Angela'  d wa'aiiy  p'opagat.o''-  paihy  oi  ipanad  an.tei'oay 
■*•  I'ocx^ypha-  r Ha-'  y'-o'  /on  vadp.'  imk 

oCne  n;  t 2 345>9 
Mij'i'pain  ira''v''ny  T-  n»odPis  lo'  |Mad"i">g  yigna' 
dygiiion-  and  1^ I ei -'n grju lai lo in  1 'opoypf-a--f  yi.aiia‘ 

p'Cipagaiicn  (.0119  A7'  23463 

f>ei|iipnck  0"alaiyn  m pa  ' |.•|  p.-n  ' " : y o“  r-.sliipai7 
I'ocwypf’a'  . y-.aita-  p»opayalio-«  p0'»9  N.M  2346*> 

Pa:h  loyy  p'adniioii  maiho-is  lo'  i epos, .he  -.-  radio 
ys  ana-  p'OpagdKn  1 ' ky  amt  iu''i;iany<'i  ««.(h  pp.doin'ancp 
f«Mi  (-.0120  n;  t 23469 

Daval  >pnient  of  Oopple'  'n.iC'OAavt  landing  yyytam  and 
techn  rji.as  f.".»  eiim.-a:,'.j  eHa::y  of  n „i|.paih  rfa,,sin,y 
I'OO.  SO234  N73  23706 

MUlTIRlEXINC 

Anal. MS  b'  jnitM-.i-dps  a -d  f-e-gs pr.<  ips  of  y g -a'  lad.i-j 
•••.  sa'®'  la  !n.  Ji'f-j':  -ado  irk.  (1..a  ly  rr.  jl|.p  Pill  g o' 
■ado ''inab  ■ (0»9d  j?2  I9S09 

MUlTISftECTftAL  BAND  SCANNERS 

4.0  dpip'sc a (’•npaga'io  • 'a'  ipy  o'  " • ■okya  -' ' ■ -f' a<ad 
a d pht»tog  a;)^K.  ‘Ptsoip  sa-  ii'-g  s*s'p"y  fy  pni'olio''- 

•lataciioo  a"^d  vdd  siaia  ■■'ugf'asy  meas-i'e'rp'-K 
I AG  A 90  CP  90  7 !|  p012  1 N7;  1fc089 

Hisin-y  a'i  lutb  e ia»n'o,j'na‘'iy  i<‘  -i.i'a  e l a-'-l  't-:.;iis 
(,e  i-ai  <en-o*c  ye'--i-n  •lp»i..es 

l*fASA  TM  X t 7496l  r'»'21  MT  '6103 

M /'  spa  :''a'  -alip  r ,i' . ;s,-ya‘  n -tea  i >l  a-'-d  a 1 viyWa 
■ pg  pn-/  fo'  .oip'  imj  irKcnie  I'lioa-)-!  ta-'j  f.-' ocng  a 
f>“»  :.0!.’4  N72  lb>C9 
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a *■;  |.7'e I o«v ap.')"'  -P  ioia  SP-i  - g I...- 
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fc’»  d ifi  tev:  - jl  a'la  {*»<!.  ih;..  : a*d  .'>  ia;'  «>-.  lo- 
<.«1a'-.  «k''h  y o.pi  I p J hsii'y»y  . alley;  OrS"*  S7; 

NARCOTICS 

Cb'iH' aic  i ap6i  ij  . 1 ;><iia  ■ I a(it  '■•am  .gy  It  da: 
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SUBJECT  H^DSX 


W022LES 


AiiC'«h  »TM«>n  «tN!.f'y  A.-J  |h« 

Uoited  fc"ig<Jo<»  pO?37  S?4  I43S2 

MAVIOATION  INSrMUMCNIS 

AjCO'OTio-js  ' a«ig«ii<-.rt  I-  3A  330  hf-nor  *' 

<■^*1  *!  flh;  (#<•■  r»-«iho<l-.  p'D032  N72  11923 
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•OOliM  10  conuol  «'<1  gv;0«>  .;e  0(  !*«.«•»:*  »*in«i>s 

00227  N72  27690 

De«*'o^-tr>«  •■  of  lo«k  LU^i  I'le  tiAl  <’'e<Su'eireoi  will 

'>•>  y«l'0-‘4l  aci-  •I>4C  p*-  IO'r-'*i  r«  l-lsaO  c.''  Opl-'i  v./« 

d«v-yr.  ol  l*•«•-Yld■  ir.^liiim«n(l  fl«liO"T 

p0228  -N73  20690 

0«v*Oc>m*''l  0»  i«;’:d  '»ii<a:-««liO‘  o' 

s>\itrri  \js->'g  4/inioih  rra<.h«i.i{4i  on 

pO220  N7:  20693 
Or-nrri;a:  oo  o*  i‘'ieg’4(0<]  .-a*  ga"0'  i 'Crr.b.n.'g 

Mvcai  ir,i«p«''-Jer.>  rav^aio^  M ISO'S  lo  pir.-i^r  s»il 

(.O' 'ai'ad  4ifC'»ft  ftamgaiiOT  cap«Di''i> p0229  n?3  20694 

Cba<a<  l•»lVll<:  s o*  anbo-o#  a «a  ^a^  gn  oo  «qu  r^an  a^'J 
•pc'*  #'-o-  lo  ai-  iiaM-'-  <.on{'o;  linci'c's 

p0233  N73  23690 

NAVlOATtON  SATUUT6S 

S«!eci-ri  0*  s fc-  ' Y'«  ii**  f a'e“  ■a»i  ;a:  O'*  d 

g j ilaiic  » \i  s:«'  ’as.-j  .a-i  *.:  • a -•,  - jh  - . 

(O; s 7 N?2  2 1 226 
A'l^if  \ s o'  N 'll.  At'i«  Cl':  a o- 1:»  si-u;  !n-»  lo  c'a'e'ni  - * 
I'rj-.ai.t  O*  iifliai  rjv  gat'U'-  J'  3 s.Yle  !•'»  s I've!  'ao..^  .> 

saca'ai'O'i  kIj  'iop  i:0<33  7<73  23699 

NAVIGATQAS. 

f '«'•  »'•  S!.lni»;i  ii  j .1  g • av.yji  >.  i-i- 

fO‘;36  N’?  ^03^2 
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o'  ;.0:.’7  •.71 

!■  |:.J^1  O'  Ir  g 1 . ai  • !•  g‘i'  O , on  n ^lalv*-  . 

and  f'-or.  I i>e  I f - I O's  0*  0 ■«-■'*•  a''  t •'«»  "jims 

fOI06  V'3  I9162 

MAW 

N.Ky , • » a .'J  I*  • ’ai'v"  * a'  r/n  » ‘ • ' 
••■g  ad-ai  0 I s >;•  ' - 1 a s<. 

;.C0  7 6 N'2  2fc'.“j» 

MtAVOUS  S>S7€M 

C.ail'a--  a id  ♦»«.!.  o!  Uf'*  i ta-  **  «»  '4i  - • 

• ogN  pvC69  *'  7 ■ 203S4 

MfTVlOAK  ANALYSIS 

Ma<  f'a‘.iS'-''4  apt' oa  1>  :oa*a"1  ' ;•»• -g  ’t4“C..-  j.<i'  j 
K>  *')gi''ig  a -<i k p ofi:ff*ns  r-0'S4N72  iii99 

(!r»n  pi.'ei  .lav.gii  lO'  i i'i.u'ls  ..Cii.Ui 


iAGAfic  cr  13-1  *••'4  73o:*: 

Tr.«  tear  Vicwg  o'  CA'*A  1-  Of  -^a-‘  pvi6'>  7«'4  139-3' 

I <>  aa'  ’a'ls  sm-  -ood^i v i - Mf  / < a-  > »m'-  A la;  c <■■■ 

be;  o«e  * «‘-eav-'C  '“e":s  and  a aif  s"-  i»>  oyc* 

C0:66  N74  12‘JI6 

A ,'ei  CK.  |iarr<  (r.i  aiain  g i*a.eg  i'>  s;  ■ • 

lyi*i.  p0l66  N'4  I39>9 

OAP  k/.>|iiF..  Aj'4  ,si-.  ^/og  a *■  A 

ine  A'laifs.s  ar/i  g i ni  >r--.o,^a.a  ••  «<•  . 

t0l66  'i'i  1392  : 

M •''r.Adae  ^I'l-  .1  1 a-  a I MS  In  dig  la'  j"  poie 

1.01  bb  S74  13922 
a dP.:  a>a'f ‘.'S  ■>!  a'ei.  1 . .<■  nis  < c-  a s«.  a i 

roa  e l-L':67  N’4  '3923 

5i  'o-  lii-p  a<  d aypi'  ai«.n  j!  i o in.ia-  p o-ca  i IC  A 
ii|pg<a;4d  .l  u’ACa-.al-s-  p0*b7  S'4  tj92r, 

Me  rWORK  SYNTHCSIS 

f . o.'-i’i . s o*  LA!)  A rtA,  .cpji'.va 

N74  ■ 39-*id 

; Oifc  7 •,  ’4  t j 


NCTWORKS 

Ota-ai  .-  a:  o- 

r>alP»0'S 

t 1.  ^ 

ai-ai-.-g  .f.  -.m-- 

NtURONS 


Ilf,  • ••'••'4  I 3S  } I 


I •"  J J *4  7 2 
;.0»3J  ‘*.’3 


e!e  .' ::.J  a-. 


NlUAOPMYSlOlOCY 

Opioki  •!  . « la  J-  >-  *.  .a  " 

e'la 'I  1. . • '•'.O'S  -.a  - II 

• ;gi  ai  'fsi;  ; -sp--  • ’■'•'•  |>  P'p-  p I- 

NEUROPSYCHIATRY 

/api,iin>'.  r'liai.''  3:«'i  n'lp*  .!• 
y . I r , f P - J.  A.-  I 1 - •»  II,."  I , 

A«-  'j  a I.  a'  •*■  af-  ■•;.ii 
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I,  g , . ..  I P-  . . 

• . ; '*  74  1 

. , Pdp  i . .1  I., 

. ' *1 


NICKf  ( AI  lOtS 

'■.<.1  ai;  a 1 k» i '.a-e  i a ■ . -i.pm  h -j,  i .-  • .-.i.  'n 

ii.-p  4as  ■ .'•»  '-p  " aip'  a'-.  ;.V.  31  S 7 : 

i.-a'.i  a lai  '4  p i-pi  a.  ' t p 'f  ' I'  ' -1  •*■ 

'ga  •-.-'I-  p hi»i*p-  (.i'i.**i'i  -'a  ' I 


-'1/1  2 1»- 1 / 


NIGHT 

A"  to  g Ouawl  la  y*:  a .g-.<'S'>'>4»  «k-ib  lia-e 

ia0303  N73  19968 

NIGUT  VISION 


A(  ;:-.c4bo-i  o!  igbl  *-mo  ■■  !P'h''C‘OyT  6eli--Op‘p'  '»g*’l 

s.  J.i's  p0303  N73  19970 

NITRIC  OXIDE 

Pa  aA.a'e>>  <oo|iOii-'>g  n.|nc  0*-d«  e'T'iSSiOi'S  O/n  gas 


lu'binp '■o'"*'Ju»coi»  p02*9  N 4 14291 

A p el.n  rarv  d>-  ■nlloen- A gl  Slajicg  Ci^ 

r-1-M.  Ot  de  e-nH'iOMS  bco'  y»\  lu'bne  con-biislo.s 

p022l  N74  1430: 

NlTRlOSS 

6<»  Jes  v*-b-des  a d -..udas  ol  si'i.oo  a«ila:*»p- 
»»s-s;a-ii  •piiacic  • --o^r.pojnds  lu‘  vsa  'P-  gas  iw<t>*'*e»  a^-J 
lee'itr*  we'*  .'es  t«0203  N73  236*6 

NITROGEN 

TLiibwie>-i  •-'•tipg  !«(•■  hei«*ee :•  iarof1.l*e<«o:  gas  '>l<eam- 

sucb  as  pii  -4ge-»  a>><J  he  iwm  o0i7B  N72  20296 

NITROGEN  UXIOES 

Raduci  c . o?  NO  fo^.T-as-O''"-  bf  p-en.  minj 

p021  7 N74  14272 


N-i««>g*'»  okidp''  puc  p*‘  •kpapo'*  ipvipg  lontrude  an  1 
si-aii'scbe-i.  <Mo«  p l»02  • 7 N?4  142  76 

A • pp.  a->a>vi-<a  •«<■*•-  -;»-e  *'i‘  vi-nii4«,<3«-.  NO  dpip'  c ■- 
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NO  *0‘/Yai.o^*  I-.,*'  • .b  flafrps  A sigdr  dl  ibp  f 

ut  ii-e  bvl'ixa-br:--  MIC  I p02l9N74  14287 

NOISE  INJURIES 

E lip'  ts  of  io  'g  ••  • pi;«s-.'p  o'-  a id.io-v  »h,«snt;ids  (c- 
pietc.' a s*gi*a  . v*d .e.;o.4  i • --n- i*»T-.t;-;-a->  i- es6c  d 
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rve*  »•  6 -s 
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NOISE  INTENSITY 
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s•  .(#••>  A.,n-a  > »a  JO  l ia  lo  p ass  ^a  cAa*vas  ■■ 
Eusia:6.a**  ishas  pOl  lO  N74  20766 
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OAO 

OAO  ^M>*'d.<'.g  A *1  Jll.lnda  sa  .SO*S 

|.*iASA  IM  * 6 73041  p02  7 7 N7  2 :286  3 

OCEAN  SURFACE 

0 I'-  y -•  -•  Aava  I .i>(*-*gj(*0"  • ••  i*a-  %••«>  •/.■)  pa*'* 

p-2'  ’£  N’  • : M2.' 

P.t>  I a-  *-:g  /t-.jl. Siv  r*  'll.  . i allati  • • • a ©I  s-.M 
p‘^f  Jyai  O -.aj  ^ .-Ij-  a (.0*  ' 6 N 7 I 2 '-4  28 

Ar--©sp*.a-..'  s'  »f.l  jli-jo>  Jjs.vi  a ©•••jlo©'  s.y«*.t« 
i.'np-Yjai  o*'  ai  I 70  a . • S'/OO  Mm/  ©ya.  >aa  s*i**a<a 

Ao'*/<r • pO  116  N7I  21429 

0^.  .nla'v  ia»a'  ii-a©<*  and  'raiao.o'ng.'.ai  pa'an"»iia»s  l*>» 
■a-la*  *a-»ga  p<ad  •.  o"  o.f  saa  \©*la-a 

©01  ? I n;  ! 234  74 

Ba  . o'a  sa  s a.-i  i,i  c'f  a j-i  s..''aca  aUt'  IS  a - «l  In-  • . a*..  . 
:>l  «aa  < lulla.  -iwlals  ''O'?  N/2  I6'397> 

1 '.I.*' •?-,  I :»•  5»»o:  a.-t,-*as  I -•  •a'12'*.'''  .-I-J*al  saj 

S'j'l.»ra  ie~pa«ai-.  a n-ajN.,e.Ta.- IS  i'01?4  N72  Ib'CS 

t'  •>  son--'  as  S»J  s.ila'a  |a  m|>a  - Jlv-a  -i.aasM'a.r  a '>•  s 
Ir*  sara;i-ia  l«n*.-a  s a""- "c  .d'a-a  ! sa-  v.. 

,,0174  N72  !6'l^'7 

A -»:»sis  «if  ba-*s  ad'-  a«i  i*  a saa  la'a-.* 

P'ni  ' Hfs  c'  .-naia-.a-s  a -o  s'a*.i  -anyp  *j  la*  n'as-.  a 
■ na  -'V  J.0126  N7?  19 

P'  • . jsr.‘  t-  -la  a..  aoi-  *'a  i"  ••ag-.ai.c  a .inp'.-  a 

p«-'./i-»  '"as  *>l  saa  nrala-  a;>oi.- ai-"**  lo  su'»a.'a-*ra 
•»»ac.-'»g  -.i.i.n- . • ai.o  .N  a«  <1  visib ’.If 

lAC.A«DlSfel;  1-024  1 N?3  336  19 

f »p’a  .at'O  * •a«f  *s  I a'  1 -.l.-a  Jl*.  la.als  ©.i  ' rr  i.f 

s-yof  i ains  i,«a'  '»»  -l.-a  n»  » *i*«i  nioy  • a*  .«>».c.|.»*-i-- 

Ii0i48  7474  13868 

0C‘J‘-0C*AVIC  ILl'JSIO.NS 

12*  a :»*  ••rSla-J'*"  » J' J(.A,  . I An  -a  A A I'  .pal  .1' 

rl  SO'  a.siai.-  > .lOQ-a^..  ta^l  ng  .-i*  ll.gi.'  <a«v  . 

I-Olilfi  S74  2.;.’36 

6''*  ••  'll  - sa-  .ai  *:*■  I sa.,«i'»  • -|-■l-■•^  alia-  i » a-  ' - • * - 
Y . k'  a .s  ..  •In  I <,,,l.-.«  ..a;  • .•---iifl.  (.Sf-  ••0(-»  . - » 'n:|- 

- al  ai|.aiin-a  *ls  -•  .»•  |.a  . a©i  ..  > 

(.0109  N74  20744 
Vang .-Ir,.-  j (.01  IO  -N74  2*j-’Ay 


OMEGA  NAVIGATION  SYSTEM 

App'  iiio  > ol  4 -tiO  iie  0 g la- sO--i>r-ii#'s  m lo'4'»  C 0 
jitd  O.niaga  rijuigaiio-i  an-1  y..idai'<.«  sssiarr.s 

cO*67  N72  ?-226 
Oa  acie  -'I'vsol  ai'lkj  ••«  a «a  • a»  gan.'.-i  at;©  pinant  and 
a^'icai'OA  y a r cail  c . n->'ioi  ij  ;i  ors 

P0233  N73  23698 

ON  LINE  PROGRAMMING 

Ha.-'.siic  o‘»  i-ne  o ■:  i©<a  r ocass.ny  >a.n.' ^ and  »a  ogr  i 

liOn  Svsiarn  t»OI61  N 7 2 ' ’ 180 

O'"  • « tOn  p.ilri  ie;h'>..juc  1j*  e»a  -.*'-nq  a s» 

a--ce  >n-.jga  • o-iYp'ess'O-s  aigon h-^ik  cO ' 3 l N .-3  ' 0 ' 9 I 

ON8OAR0  equipment 

0'a'4:ie"'' c4  ol  4M-!  *Je  roi.i.oi  d dO't>o*'d 

compntar  ©)A0  A’IA  ANS  4 S I ‘O'’-.;  .t  .i.;  jI  sjIalMe  lO’  n Hav 

c'«i  a'd  X rJY  n-aaijia-ne.  IS  ■ scacf 

cOI9l  N72  19491 

ONE  dimensional  FLOW 

ConYpjiatiG  • 0*  Q-'-e  (ii<H»nso-a-  sAo.aad  i oa 

cC»8i  672  ? 730l 

OPERATING  TEMPERATURE 

Aa-'Odir.am  c a'd  ibarrHodYian.  t perljn-an.-a  ol  sAca' 
■ isoie-l  <jJs  t**'l>.  a ••  g.--a  b'a-^a*.  nO2S0  *•  ’ i '7387 

Tan-pe • al  ..-a  l-a*d  n-.'as-'  « to^.a.i*©  - 

- ©Qie«i  oio  7«*a3e  n'  gas  i-jrf-ra  eng  -it 

02269  •'•7  I 1 7J8  7 

OPERATIONAL  PROBLEMS 

Tei7»  ©ic/G  :ai  asiva.is  tl  l i<'  - ;>o!.'g  *o-  ivadas  - n jh 
la.-'pa-aiure  Sas  !••.  b.^as  (*0?6i  7 1 17404 

Mai*  ©ds  •*•■  so  V -.y  a.'  j -a  a -i  jne  .rne  le'es.-  a a'd  Aa'' 
• j..-a- I >'*v  :>a‘*-o*‘'  An*d  • ..  ■•e‘  *e>is  (.3  pal. tiny 

aa'Od,-  j'n.  pe'*J"»»a'ce  <:!  a-  .‘unp  ces  yn 

I OC‘4  672  ' 1877 
P-pi.'ar-s  •6  a--  a-  1 ai.o-  \t‘\  tv  10  ’a-qp 

esea-.»xa  le  0OI68  N73  74204 

OPERATIONS  RESEARCH 

A .•  *deni  ' « r s ; y a I r'*  s I'.^.si  i'lnrc  s»>ie*T»'  a*d 
tpa  ancai  •e';o'*J  Iq  imp-o-.ad  a*'  (1  giu  me  .nan 

lACAflO  CP  7©  71)  C0027  7i7‘  73410 

D*S'y  £C/  afi  cye  ai’ona'  tie’fo’'ai'P  a .3 
Pinpi.s,.'  pi  I ol  aV  BA  H>*-  a-  a •»!'  ;»C064  N 73  2 700b 

OPERATOR  PERFORMANCE 

Mea%«.»-ar’p  1 ©I  f .■'  a''  'i/t  a ■'■  \ "‘yip 

a«>s  I’asi  -.0  lavk  d,  > g s ii©iaip:i  io'i;-.,ig  *i  o id-i.i  -v 

P-0040  N7?  32034 
T6*  a;>pi>-'  aiion  oi  a '<  -e  a op  n jns  O'  cixkp'i  14  *Ls  a -<i 
pg*>*p«^p'»l  10  liigti!  salfi.  'as4»>  '■  fi2l07  N74  1090? 
OPERATORS  IPERSONNEL) 

..  o-j  *"6  “•  7 2 » eC  6 7 
Edi.at’Or  4nd  IP*:‘  " tJ'  l»J  r • y 'C  ipchi*  'al  in'-,-n*a 

1 •>.'  (.0160  71  74  1693 

OPHTHALMODYNAMOMETRY 

OpM(>alrrci'.gs  a'  s.*pr:yis*0'>  ul  d aii#ii  Ilf ‘ -i 
-j«»*>P'  i.*‘386  ‘<74  '3-’90 

OPHTHALMOLOGY 

Opbir  jirti.i’.jgs  > e*v-:*  s ic-'  j- lur-d  ■‘•j  p t:  ■ 1.1  ’ a" 

A.,  fc  te  i:‘*-097  ‘17?  ’4  00 

Opihai'^oidy  s»i  Hiafisisai  o''oi  ani-f^  aij-.a'  -d  -jys  'lie  is 

o * oe'io'iTij.'  r»  ©7  lafyaiiyt  ©a-sonne 

1 c-:82  'Hi  : ■ '■?: 

'OPTICAL  CORRECTION  PROCEDURE 

Aui©<'-4’**'  api'CaM  a-  <1  ‘a-  1*-sg  -.,s-ar  A-ib  I'dsh 
Aa'oi'  g sigi-ai  'o*  Ca'ase  e a ■•.•j':  cc-"*©i 

r vOaO  •I.”-  73429 

optical  data  PHOCESSINC 

Ha...-.-.|.-  n-i  ' -a  r-.lin'  ;:  orp  .s*'‘y  ‘'a-'  ■•>  i a--  I ■»•  .‘y'.i 
I..J.S  s,..*aT.  C.-2161  *<77  ' 'lai? 
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I.',  aa  lirr.p.  t n .4  n!i  C.-  •%  li,  |.'i<»  silb  •■'  la- 
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.-.l-n---  al*©-.  V ..-.laiK-  |-,164  *.  / ? iy? 

J..-1  .a;.©'  a'*'©ii.  I .-  ua  'P'  ■ yg*  ' j • 1-  ■!  • ' ' a' 

1)  <•  I J‘  I la  1.1  J i*  »■  I ..  a • I-:  ii.it  1 a:-  • a - c ;>•  *- 

(.  >s-i  ..  -.-I- ain't  I V*  ©6  *W?  >204 

Dpin.  I 'I  J (»j©  I I a-,  , • or  a I . . J a , , :*.  as 

i.o’b*'  I :70‘- 

OPT. CAL  EQUIPMENT 

..  c*  : • . ‘I  Y I .|.  • -.r.  - ..  • J , - a I ■ . ' . nl 


INASA  IM  X 603V.I  . )7r'‘.;i  7037' 

Cy;-'.*|  J*is.»  ©I  -t'-a-r  -*  J I i'*sa-  a'  '<j1i!  '••■  - 's 

III  sli-A  ad.a'ijgr.,  ,1  . ill  a p ' ; gi.'  m.i.fj;  n..*-. 
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Mai*  -1  ■ r,-.;.,  *•,  ».,•:  fa  1 . ..  . Y - -r  : ' n 1 Y,  *.  • 

•'aiP* til  1 1 . i •(>  1. . I ©'  la'  c.  sp  -al -• 
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suBjecT  iNoex 


PELTIER  EFFECTS 


OPTICAL  PAOPiATIIS 

CofTifMiisof'  n(  «iO  coowtnI'O'Tji  i,gh.i  kOvj'CV^ 

(o  »lyn«  o>  coFtc'ctM  iighi  lo-  opiic«i  «ip«'' 

o0»99  HU  2549? 


Apoiic«iion  ol  ••'odv'T«<T\^  hulCd  a^-i^v  <o-'  opi  c«l 
'•cO'diFiQ  artd  No«k  «>Suali/«lion  iiT  wind  Ivjirnols  a'^d  •«  j«A'‘  *' 

pOI99  N72  25498 
^'Ocv^irrgs  ol  CO^tA'cnct  on  •(•ctrt>'T'a<^n'>|ic  «'d  opi  ra< 
p-'op«>ii*s  ol  w«t«<  fo<  apol'CA'TOo  lu  sur,ein«-ca 
rr-apOinQ  <0-'T>muni<*lx;f'S  *fnl  ViSibiM* 

lAGAftO  LS  61|  p024l  N73  33613 

A«d><n<.a  disinbul-on  at  tuO<i  ©n  cl  d*plh  m upp#>  •*>«'» 
ol  OC«ao  ar^  nurrfiical  anaWt  1 0l  >ch«rant  and  4ppa>«0( 
opiicfl  p'opadict  o024i  N73  33621 

Opi.ta'  piop*'i-«s  of  pure  and  <u>bu'«TLi  >««  i«aia> 

r^?4l  N73  33624 
T*chmq,^«t  lor  p'*dici>r>g  aMfcts  ol  ihe.rrai  and  sain* 
•nhcrnooanailiot  or\  op>>  *1  imaginq  tytiarTTs  «i>th  appi'ca 
iion  lo  oo'ical  piop4<ii«'-  ^1  sea  water  p024i  N73  33625 
ENaci  d(  ocaan  depth  on  hoh;  uaiia'>ng  and  aiiaouti'oo 
Oara'neta's  (U  ''‘Lt-d?  opnca!  piooe-<>«  -Huenced  by 
CL>'Tca«M>«!io<s  S'(e  «r.d  ^hap«  ol  pa-ic-.  *.•  'naiiei 

p024l  N73  33626 
v;a;t«'ing  t>>  pd'i-cies  ■'  sea  > ale- based  o>.  sciurr.e 
v:»tie>i'‘o  lufTdl'O'T  and  po.iil  spiead  Ijnclio--. 

00242  N73  33620 
(itact  qI  va'io  is  pa'a'ii«ie-i  o«'  im-^  '«ng«  ur.<j«r«,aic' 
sis  oii  lo-  r>a"ov»  ard  h'oad  hea»^  iiiurrinai-orr 

*0242  N73  33630 
(fled*.  qI  ia'X)i«.!iv«»  1 q.“i  lu  rr>'SK  'i:io  and  <G'  i'asi 
v •j'-da-Nnate'  <r  49  -q  ns  pe  ‘o  'p.a'  -e 

00242  N?3  3363* 


Aopl-cai  on  ol  Ioj"*'  le  ques  (o  '.airuia**  spread  ol 
scaite>ed  i-^ht  !<;(  .i  c-jia-  spo-.  Ga-jsva  < p>ol>-e  ard  Urea 
sii'pe  rases  p0?42  N?3  33632 

Cha'a--  le'isi'c'  ol  enves  and  po*is  lo‘  unde' y»aie*  imao'nj 
sysiems  10  vO'Tta  e deoib  o*  lieid  and  «eiai  »e  ape-iu'e 
'o‘  '.eyerai  len*  oo*t  ^on.bi-iaiuxss  p0242  N73  33635 
0)'T‘pj‘«i  c'-  ya"''  ic'  a-a  T-i’  y wpi'- ai  p'utei»es  ol 
sea  *.aie  p024 3 N ?3  33639 


O^TICAl  RAOAR 

ScTie  onirise-  s o"  'Tietends  ol  a>  jding  the  elite's  o* 

inl  a ad  'ad-5T‘e:a-s  and  Ooppia>  i.da*  ly 
daieciing  clear  a-'  ijib.ietM:*  p0060  N7a  1 7 746 

OPTICAL  ACFLiCTION 

Ge«n%ef  cai  npirs  soi-ji'C"  lo  p'an*  aiac'o.r.aoneiic 

.,o:-Lrpt  iCiJ..'-  pO’23  i^'O-? 

OPTICAL  TAACAINC 

V-suai  se'.’ib'i  J'  -:e«a  1 c The  <cHe  ol  tn*  iafr»’»-ri.'- 

I*  R p O' Jul  t'O'  *»l  opIOE-nf  I . r.  , SI  a-j  X uS  a<  2 OOlok'ne'  •, 
aliei  nysragm-is  eil#<:is  ol  'aLf ri-  ibe.ioi^  O'-  *»? 
rr'OPe.'nan's  in  r>n  ; a "ac»"  J Ijsi  pO  I 09  S 7 4 20  7 4 3 

OPTIMAL  CONTROL 

Maiveeii  liaiii  ineo  ly  vo-piny  wai>e  oam  con'  o'iaCi-  •( , 
m ’‘cpospne'  ':  s^a.ie'  p<upa-;aiic"  pOl  O 7«7',  23462 
Oplirr  1;  at  On  a /If:  "lal-T  * ■'^•*■1  'lol  . '•••iPpIs  lfJ»  I |h| 

he'  r.op!»‘>  »r  ifi  an  weain#-  -•  aeat  >•'!  p0030  N 72  1 1 9 1 7 

OPTIMIZATION 

Ci.iir’i.fation  ‘.'I  i .}*  ‘«  e'  e»  beiinecti  a -;'aii  cO'n;.o 
I enis  .11  Svi«'S' ' c '-ve,  coo'll  71' 1 19356 

Opc.Ti^i  f<im!i  release  .••■«  vai'-  i-on  0 52  d-'r'alt 
by;t;.i9  SfSteni  p0O05  6 7 l lyqg} 

<i  - cns|<a<‘'-e  1 f r-  "-va!  '>•>  ’O'-X'  j'al-ons  o'  ■ iKi  a - *-i 
OTriia-T*  a<  d pf- jH»  1- ' ' ! 0 • oO?847J7*  20134 

OyjiT  ration  ■>'  ae'iie  4sii-  -(.r-.st-a  • V.  I.ni  ai‘-  ‘ab  des  j<i 
iiSi  'J  itiffR'e-.l-Ji  Cgoati-ro  •‘•9-<l9>  . • J'  -1  !i  il*  nten  r>  ( 
ac>-'''0<ir'>al  on 

ISA'^A  CA  II7‘98.  pO*84N’'  .'0133 

Cijir’p- ’R'  a'l-l  raid  ie«  r-n  ■i-.rs  “■  ai'  «.ili  if'-. 

.5  ■ li-'J28'.  •* ' • 2014^ 

I - np.1  .S(rii  pR-lfiniirf  r ^ r ' ai  I ' ij**l  l 

'y  t pl'fi--/  g sC'i  R*-fi-1  :.i  i-'Rl  -tRL-  ;« 

pi''0'4  S72  MB  * I 

0;.(..-T',liI,  -.1  -a  ■ ■ ■ -4'  n-l'i  -s.-,.'  3’ o 

'-s''  . ■ .'*s  •-^id'-r'  Il  :r  - jr.  1 ir»f*R  1- - RfK- r- at 


08ClU2lTtwa  Flow 

P.edictio  • cf  bvHet  on  s«i  *o'  a 'f'aA  'eRem  p-og'«ss 

■ n Mifd  lo-n-el  and  fliphi  last  Hil»  ctm^lMlior 

p002i  NT*  14725 

OSCILLATIONS 

Objectives  o<  dsf'sm<  tests  m tow  spee«)  w>nd  rp-nneit 
and  lechn-rjuat  for  rn«assjnn((  OSCiUalorv  de<rvalfvel  and 
ttansiem  moiiors  eltecta  oOl73  N73  26244 

OXIDATION 

irritui-ce  Ol  suitace  p*epa'ai*o*»  vj»ia<e  tetiu-o  and 
itvi|>a>  oiidabon  on  rreiai  SI  dace  crysiailuaiion 

p020<  N73  23603 
Ro>  ot  >so!be<nsai  siresMs  gers«fatecl  duiff-p  o*'dai>on 

Rfd  modes  ol  stress  leiekaion  p0202  N*73  23605 

Hiyb  tenTpe>at>i*e  er'.«iionine-''ial  ■esH-'iQ  ol  gas  meial 
miaraciions  (o  .^irruitte  seveia  opeiai  rsg  (ondn4>n% 

p0202  N73  23606 
ttiecti  ot  ot>-Je  diso«>sio^s  and  >a  e aann  eiertenit  o<> 
oiidaiion  ol  C>  and  ai  roniam-n^  arots 

p0702  N7  3 23608 
Muincon-pc.  i«rt  diHusi‘>n  ihvoiy  as  Rpoi'ed  ioo*i<Jaiion 
rsffoson  and  su'^aiion  o*  compie*  he»»  lasisiani  aiiovs 

t.0202  N?)  23609 

Sooi  01  daton  ti'iet'cs  at  cc-fribusi  o > ie"'.^«ia;,iies 

p02  19  N74  : ;*90 

OXIDATION  RCSISTANCE 

Trj-  spo-t  p’ope  ’-•es  ol  oiidR  scales  Ioxtir-I  of.  ot  daly}*> 
'Bsista'l  a-OfS  p02Ci  N73  23604 

Add  l-on  ol  cbiOm.L,fTi  Ol  a'l/mio^-fn  to  •n'r'Ova  oi-dat-on 
>es  stance  qI  r><kat  ar'd  cuben  anoys  pO703  n7  3 2 36 ' 1 
Oifdatio  > *es>sie-<i  < el  ado's  >n*iai  ai'ors  *0-  usr  h.qs 
iafTce-4t-/R  en.wiin'^ -nenis  1-0203  N?3  ?36'5 

do’ides  ca*b  das  a-^d  n<i<  des  ol  s-'>;on  Ofdai-on 
• as  stanc  f#i<a:ton.  <on|rOj'*J.  -o'  use  *n.  pas  turbines  and 
•eeni-y  «en;c’ev  p0203  N73  236*6 

Maihods  o>  o> -1aiiO'>  4*^d  i.o«*ov  On  -*sistei--ca  m >» 
Itacin'v  maiai  ai>n«s  used  in  pas  ig-bne  enj  n«> 

p0203  N73  23617 
NATO  --aibna'  ‘epo  Is  on  e gb  lenpe-aiu'e  «o--cnkins 
oTaa  ospace  a''0-ts  p02O3  N73  236*8 

OXIOCS 

T'anspC'i  P'Co«fi-es  o'  o«*de  sca'as  lixmel  o • os-dat  nn 
asisiam  ai'-.s  pC20i  .V7  3 23604 

OXTGCN 

(ilecis  nl  pusi' sa  Cv  a:teiafato-'  o*-  blood  otrpe'' 
ssiu'a'  o-  and  piRuia'  p-yssv'e  '#la'  n..v  m dogs  b/eaih»np 
4i<  and  liQ-j.d  fluo-'O.arbQr  > ««bo<a  bodv  watar  idsmarsion 

■ aspi'aiu- 

ISASA  CP  1171991  pooee  N7  1 20358 

larr  na-  il.tf<iSifv.  lia<TiR>  yl  a'aiyie-'e  Oisoen  rr-tlu<es 

i/0253  N72  1 1684 
i ile<i-v*f-ass  r»l  pFiasad  d«i«-t'o<-  vompa  e-1  in  : ut/e->i 
•lerriai  1 .:  t<.ie«  o>,qen  dei*a-s  syste.-n 

pOC«3  N?3  23065 
H-e.--iOd.fas'  -'labii-t,  dafT'anis  o'  h.rt*'  iempefaiu*e 
02  • v*-os o • 'ea- • OF-s  p020>  s/3  23662 

OXVGCN  CONSUMPTION 

Ot.yef  f.-su—.oifO*  a -d 'ea  t -ai*  measu.#'  e ns  In- 
asifmjtn  g e«er:  se  ide-j  *'.  tI  m-i.ia  y (se'sr/nnei 

<0091  N71  22308 
0«>qe‘«  '.-.s  i :-pi  r>--  a*  -1  r»o‘»  < at>a  '»  btriess 

a»a'- at-c-»s  • Cs»  a"-a*'  a*t  ed  *c'<es  pe--  -i^e' 

;.0092  N7  1 2.  . : » 

n -i-.ri.sn  s.'Lcfc  - ■ j Ri'e-- 1-  c-  r .n-e..  .->•  .ye  • .0.-  s:.t  p«  «.•« 
.%>"•  4 »n,s  ..ai  si  Rss  a I sal*  fif..-  ii  abii.t. 

I.OC01  N/>  21  H5 

OkyGLN  SP6CTRA 

A ';r  at  n--  V .1  t.*.j -e  o*  *alic  r j»r 

41  -I  - . i.e-n  fiwa.r  Sp*f  !••.«'• 

i.O'-i*-  N7l  26125 

OZONF 

C'i  jl  V-'  > e Rwii-’f  fl';^Ri  ::«i')R.  at  ts  .»•.  »-|.' 

. :r'.  i.02  • ■ H/4  i42-’4 

’ .vRai-f.  • :f-'i-«4  ..-.te  a-  i 

si  ai-sr'.*-.  u/.:  . .0217  -N74  '4275 


P 


lAf.AftO  « 589  ” p->Ot4  *i/’2 

'Ri.rjr  I i «•  R'R-,  1.-  t'lP  Isifl,  I «' 

e.R  ;*)■  pR'ioffiij  - e i/)2b4  -H?  ibh'd*? 

Mfiri*l-  Ij-  r R-i  1 • , I-  R I - I ••  aid  -.R  ' R • s : 

p-R  1 ■ (ir  »j(  Ijp’  - -'  R.-'-R-  I R-l<.  • 4 . <- 

,.0  »r-4  *<;  T \9  , t • 

I tailR-n.  R j'-f-rieff-s  >l  » -iia  * r r 'r 

lAGAOO  '.'t  531  ,.-v3’  N.’7  ?;i‘ir, 

( •pii-,-,.i..q  I - R , s,  - 1^  a-.a-  . |..a-l.n  . 

a I a;-|.  I-  ai  «,i  --j  y I.i  ^ : l;i-«  ^1  1.  . I.--  m-  ■ *' 

n r-  -N.’.  2 ’'8-/ 

MRII-I)::  If)'  < ;--ili  i-i  lRs--,i  cj!  --(K.  .1‘R  .’I.  ■*•- 

J S '7  7'Hi'3J 

Maasi'R'iR-  iRii  -i-.  a -jR  - a ■■  4'  i 

;0'1}  Sr:  107  rJ 

f -R  a -I  ■••iR  tR  1 1 . R i-  R.  ••  1 p-J  1 4 ' *1 1 4 1 J8»- 

ORGANIC  MATERIALS 

a.  • Pi'D  4 9 . -.a  . - ' 1 r.  - ..j-r-  .1  1 ■ 

•-pa  6i<  -I  iM  - I y . 7 3 7 -’4B-' 

ORIENTATION 

s .1  .a-  - I 071  J N -'  1 ?0^-)l 


P 1127  AIRCRAFT 

5'»l.  If.  -r*  I • • f • 'I- ' -r -•  I ST’dt 
.j.i-a*-  ;c  R-a  ad  •jr-.b  a;.'  . r.  n }:?/  a-  I 

A-  ill  i.Du35  N?2  20990 

PAIN 

t'  --a  * -y--'  rI'r.  I-.  ...i  R !*«*<<  (•' e In 

■ a a'-  , r-N  (iC<0‘3.'  N7*.  723r  » 

PANEL  KUTTfR 

A:^  - Tl-'?  .il--|*f.-.-R.  'R  •.•■.*,  iR.  Ijfi  tR  •-  — -'-f. all  ii  •• 

(Af.A-«:)  ‘r  596  i'-.y>4F  N71  -.ei-l'i 

|I|r  I ..i  *A  R (i-R  . -.-R  Iri.  t lA'i  -'is  ••  »RSfi---*Si 
I a-fn-  .i  -I*  r.i-  •;  a’ta-  -*  *1  a -I  • epe-aIRfi  1 i*!i-.iR  ' I*  - - 
! • .1  d N-  . fc  A ».e.  l•0?')2  N73  .'3*}  I'. 

TANCIS 

A<  a . -I  I J a ; 4 •.  • ••  |Rn|---  -I  • ' IR 

•.a|R  i - -■  pii-  R • a ■?  'iR-.R*  :f--R  •*  ••  II. Rf.  . 

:•  q -iar-iai  i-R-.ii.-  .r*.  Ir  .SarRN  f«1  ■-••r  .\r  . 

i-a  pOrsi  N/a 

-•  ,*  -.-a'-  -.1  .1."*  R I ;.R-.RiN  I-02M.'  *«-M  ■56.'*’ 

PARABOLIC  TUOhT 

9'  •!  I-  I -R  I ■■av-:  aii-“‘a  •• 

..a  a!  I.  I I <e;.»q  N 7 t .f  I •:?• 


PARACHUTING  INJURY 

{nw'or'feerii al  RHects  i>r\  pa'a'hule  ■'Tspa-ti  inii'ies  ai 
6 000  to  lOOOO  Teei  us  '<i  pfabcitc  apei  veoievl  Mai-c 
line  deployed  perew'.-i.e  ,.OlOi  N72  ’^137 

PARAMCTf  AI2ATI0N 

Us4  ol  Xeiiy  Repedory  Gnd  Techr  ques  lo-  assess-np 
suby«cr>wa  esiirtseies  o'  irr-po-ta-i  pe*emeie's  lo*  <a>gei 
a.:<K<<'t.on  PO304  N73  19373 

Aft  ooi"*'/ai'on  lecffs-dje  to  caiLu'ete  broie*  i-#"sistor 
pa  erT'eieis  )i«raiiv#  compuie-  -Tieihod 

p0166  N74  ’3915 

PARTIAL  OIPPERfNTIAL  EQUATIONS 

PeTt'*i  diHe  bniiai  eduat-ors  Ic  ceic<<'ai-''-y  ih>ea  di-i. 
•-is^^rai  frcarT  ptessibJe  luibulersi  bOunda"!  >a.ers 

pOl77  S72  70285 

PARTICLE  Acceleration 

effects  of  a-'ce!e-aied  pad-cies  and  cosmn  «a>s  n-r  'gn.- 
fiftfses  irt  human  eye 

fWAS*  TM  X 684601  p007sN72  2605  1 

PARTICLE  Diffusion 

AnclyS'S  of  siructuiei  diHus-on  rTsecbA''isrTa  betyyeen 
her\(fiiini  7 be  and  aiom.rum  (T-ain  f-0208  ht2  *250. 
PARtlCLE  Sj2E  OlST.TiaunON 

E tfff  I c'  ii-.ea  lept-->  y . yht  N-.  aMe-"-j  a-  il  at  re  •'^4'  or 
pafametefs  •-•  r-ci  . 1 • or-t-sa'  p-POe-iies  .'ill  »Rnrel  b, 

concenj.ai'on  s-ye  and  s*-<pe  ol  pa'f»' -Jaie  rr'atte- 

p024 1 N73  33626 

PARTICLES 

Pari'-:  e D-ec  piiaiicn-  po'a-'  >pq*<  a-.r.jspne<e 

p-0126  N72  2 I '27 

PASSf NClRr 

eesira-''s  «o.  pa'.-.engRiy  1-1  ajicTor-;-ev 

1.-0098  N72  t9i22 

PATHOLOOV 

Orasb  ■nju'v  'esea.ch  n.;iL<;--*,g  pa'"oi<>9.  ai  d o'oiec 
ion  p0098  N7?  i9i20 

Pe-sona'  otf.e'vaio'-)  o'  340  laia'  a-'t'a'i  a'  ■ itJer.i-.  lo’ 
<on(f«<T>at.cn  ol  ia'*'ai-on,  .py-.-ii.Tis  tCr099  N7*  *91  2d 
Sec'op'i  a-'d -,'iphi:  o5se<vai  n o*  si-n  a' • a- i-r'e 
a<'d  arirew’a'  *arel  ty  ar'ge.'re.ni  pane  ..s  n resu'  rroiL 
kf,s 

lAMPl  TP  ?l  17)  liC-'O:  -N72  I9’39 

PATTERN  AECOGNIT.ON 

ConfereotR  nepeis  >•»  a'i-5c-ai  I'-.ie  » oei-.e  vsiii>  Rn-^  -.as.s 
o*»  paiieid  re  .ogrui-o-i  a^d  «»#'*  -■n-av  7ire  mie-a--  I've  p-cMeni 
suNfng 

IAGARO  Cp  94  7 1)  ,,015  1 S?-.'  ' n /4 

Meuf'  t'<  C»n  line  t>  i.iu'e  pnx*-'N-‘*y  ira  f'i'iii  au<i  'R.ws)-ii 
non  sys'erh  i LHSl  N/2  I '-*8U 

Rada  panem  re*  o-jnii  yn  |r.  • nage  -data  o--**  essmy  n-itr- 
• eieo-fioy  a'  rada-  sysiRois  o0l5'  7«?2  'Ii8' 

A (>r>l  - aiif>«  o*  naUe-f  re  -ngniim.'  ief.r  -u';i.e-.  isitl' 

Ouppie-  ad»-  lyt  deie'-ii;*-  o*  r-e  son-  e'  "sovir-q  ai  'aie 
Lun-.p-Kai^r  enih  si  ..le-  i-  od-t  *4  e •»  'J'  •'-R  -t 

rOI52  N72  1 '8? 
PaifRif  R.  og-'-t  <)•>  ■er.*'>i--j  >e  ly  a<>l'>  nail  ;Iete  iiCR  .i' 
♦eh-v'ies  n ae  lai  ph-oiof-aphs  uf  hig>>ivaiS 

0OI5.'  S77  ■ I '0.3 
Awl'»-naii-'  ri»ed<al  '•agnO'iN  ;jS-  C,  ii  D ' (<a  ' a <’>  ■•!' 
-eyue-.i  a*  taiie'  * • ia>s  aiicf-  i.-uce'i-i-as 

«-C*5.’  *i7:  I • 104 
^-otiie-n-s  . aof  ai  n w)i  a t)|,;  ,e  a->-l  NR-'  o . > /i-'ii 
a g«i-'t*»«rfN  *-.  ■ pal'*' • -e*' -q  * > {t.'152  V?.'  ‘1165 

Mei’-rd  In  4 rl'ii*  »i-  ■*  la,  •'  / > 9‘  v-a'.\  I ca‘  • ol 

iii-eR  <fi-'-.e..v.,>.,a'  r,i,  c t>i  f*  ■ V ‘■•'r  <t"e-. 

:.-->l5.'  72  • • 189 

Pr- N .e  I'le-N  ■ • N R-»  SR1  lea  - 4 B.», » 
flat  ’’-'-  • •'*  • A>-  I-  ' . A 't  . y.i  • ••/  !ata 

i ' ■>  5 3 •'  * ' i ■ ; ■ o 9 

A y J •-  > J IJp'  »R  4r;-‘  >a-.*‘  1 - i.-a''*'  ' R .4  - 

■ • Ait*-  0 A 1 ns  .tn  ..•i,|  . • B.»,  ► M.J  • N-  t 

e-R.1  1 '■•15  3 *|T7  • ■ iqi:' 

-.ie'iri>  ■•iKni/ 1 ' Ch  -il  a.e'«.|*  M-ns 'ALy ■ .1  m>  • * 

»>i.-s  *■•••  spy  * I c.'  * 5 1 fi  7 7 1 I 1 9 t 

i-.iRg-a'e-i  ^••et>'f  esM-j  sis;*i-i  lo-  -r  ••■'-.»  

h..a.y  f t-.-Rs  ' ‘.J  »i  7?  ■ I 1 g: 

Ho'nrai-'  • t’-ti"”  Rf  .'-q  -'cM  • . :i-  Ji-i-i  .R 

Cii-R  tif  :-i'53  SU  ••;94 

;'t;»l  a'  I . RSN  a . M r!  I •-  » I./'  - ‘ • .<  j J'tR' 

T-»  iRa:-.iR  e*'‘ t I •-  i-.*54  *.’7  ii‘-5S 


A 49 


OEOLE  SATELLITES 


SUBJECT  index 


rCOLf  SATILUTEt 

Q'tviiv  gt«d'tn(  maihod  (o<  i<ab<liiAtior>  of  (oi« 
•<«j  P«oJ«  pO?78  N72  12667 

fcnccriiON 

of  ■f'is'ECI'Oo  ol  in-0yl»«»e~«5»  ir>d  •''i  «lr 
10  p«ic*plu4l  motor  p€rfc;rr>jnct  lO  hutma-'  tM 

O0069  N7  1 2036* 

^(HFORMANCf 

Mmo  tim«  b#(w««n  l•llule  a)  inO«a  to  s,Tt«m  p«rl0'm 

«rw«  pOOO  N7  I 36786 

PadorrritrK*  ■•tit  ol  prOl*vli««  clolhm^  lo  dOlarrr.'^a 
•N«cirv«r>tit  tgainti  a t Dias'  OLnr'g  D<gi^  tp*«d  aioc!  o-i 
p0»02  N72  I9>47 
Matha<Tiai<ai  <o<  maitu'  og  .otniai  q-ja'ii-at  ..i 

spl'ti'cal  gi'oscopa  'Oio'S  a'*c!'>c  tutpar^iio^ 

d0226  N73  2069* 
0iHai«ni.a'  mat^o.l  fo'  evaiuanr'Q  utrlocrr  anca  cf 
nooi-oaa'  accaia'omata.^  r'^23'  N73  207 16 

intiu«r>ca  of  va>>cjt  aaiodvr'a  ■ •;  fO'.at  oo  reciang-rat 
Ml  rig  pa  rio' marie  0 Miih  harm  O'*  e movamaoi  p4-a"»l  le  fova 

flovT  imovamar't  pOOSO  N73 

Parfo'manca  of  a -crah  gat  ij-bma  compoo0n;t  m ^ol 
cor'osw>o  aorroomamt  p020l  N73  23S99 

^ado'mar.ca  aod  lai-gua  'idangin  ol  comptai^>  bia-iat 
labi'cacao  • .-AiOon  i-Da'  •icmpoiiiat  a-il  Do'Q''  cem 
pet  ’tMi'et  p02t3N7327496 

PfKFOMMANCE  PACOlCTlON 

Heat  I'lrtiat  piaoicioo  fo'  ij  bina  biada  davg-' 

p02S7  N7  > 17374 

Opa>atioria'  dat-gn  c-'-iana  in  g•^  lurtrra  ang-rat 

p026»  N7  1 1 7402 
f h=la  0‘#manc  compoler  C lor  atl-maiihg  a 'CUna 

aarodfoam-c  iitiadatente 

(NASA  TM  X 668641  pOOOl  N7  1935  7 

Compii(«i>iarl  pra.i  'iio'i  o<  ip.ofi.narr-^  ■••!i''g  Tba'a:'« 
.*-<s  lO'  »*  rg  nori/oiial  ta  ' ar'd  <a''a--d  ccnlgi-a 

lohi 

(NASA  TM  X 668861  p0002  N7l  1936  i 

S‘ai'»i'<a-  p-ad  c'ior.  ol  a«i0  ra:  Mo  0 sapa'ai-oi  c’'a  a- 
lantiict  f'om  ai'C 'ah  p0O06N7  1 19398 

I'opotcbai:  tcai'a*  p'optgai'Co  ar.d  prad -el  o-i  ol  •a.J  o 

trar't'Ti'SS'O''  cha'aciti'itiirt 

(AGARO  CP  70  7 M pC  1 7 S?  ' 2 3451 

Rad>o  a ' I til  >■  a iici  p'aditi  or,  r-eiKod  <,t>rg  ti'aiil-ed 
aimotpba"< 'tvfi  »h<J cat  pOi20T<7i  23468 

M0(0O‘O<ug*cii<  ai'actt  ot  iiOpntpba’K  p'Opagat  o>> 
p'0Oict'O‘‘t  lO' ia'a<o-Tim«rt.<ai  pO'20N7i  234  70 

S’ai'Sf'cai  loiac  at!  o'  t gna'  Ana*»uai*oe  •"O  t'oriotpba'*-; 
t^a'iar  uti'ig  maiao-oiog«ai  pA'amaiais 

p0l20  N7l  23471 
Mai^maiv#'  ot0d‘'i'(y'  m<vJai  lo»  (mortoba' c 'adio 
i«a'itmitt-oT  Pvtt  Ota'  'C'rg^  tvda'*'  pOWOS?'  23472 
8oundar>  ia»0'  ibayiT  ar’d  ma'ao'oiog'ca'  pa'a'i^aia  J fj 
'adai  raoga  p'ad>ci>or>  o«t'  i«a  su‘<a-:a 

pO-21  N71  234  74 
CoocluViOrt  and  '*  ^•nmatjaiiOnt  COncamirg  aimd 
igrtai  latit  ol  ini  /acioh  b*iiA0ar  ar^gi.-«a  I'ow  I'd 
CO“0fcC*Ort  11  jr  .nten  . Ttird  ! j.-r-elt  pOClON?!  3640* 
Cp.hpt'aion  ol  ratren  at  la  goat!.o<Toai'a  o'>  a-'p  ra 
aid  ama  ir;iada<ci>ca  it  iiantori;  lavtpOO  1*  N7i  36402 
Piocadu'a  lo'  maavj'ina  paHo  mar;a  pi  ai'caii 
ail  oguisT"  9 pC«t  da'S  p0253  N 72  *)  69  * 

T-antO'i'C  wnd  ijrn<ai  latc-hg  '<  • paJi(ii«g  II  a*»i 
padormar.-a  cha'Ac  la -tiic  t o*  lU'tli  pOOrj  N*?  l'06o 
Cc'<#iai  <3<‘  of  I'anson  ^ wr-j  (i>hr>ai  ia>'  data  M.ih  f ,*.* 
let'  'aiu-it  on  tiarda'  ¥¥■'■;  a"p-a‘  at  ic  <lcj  ''‘a  “I'la 
con'-gyiai  on  d*va'OCma<T|  pOO  * 3 n7?  i:d68 

Compa'-ton  of  Ttitfl  lur.'e:  a"-d  ii-ao'a:-  ai  la  H' 
lo'  d«ia'm=.ing  full  tca'a  aa  odYnj-Tiii  p ;^m  d<aj  lacro's 
(NASA  TM  X 674131  p00i3  N7?  I1R69 

Compt'iton  of  pt'fo'manie  p'art  cliO't  i~'i  fi  gf>l  :1a!a 

fO'  Opt''n<iig  l-a'-tOhc  Mir*.d  ri.-nal  <)avg<i 

r-r>3i  4 N 7?  1187' 
Pedormanca  ar’l  o;'a-ai'0‘W  cnaijci^-  Mit**  •}'  *■  y*» 

Rat  -oldt  plOMil^wvr  ^-Iw  m,<i<J  l•l''’#l^  'j' 

fjrvoniC  n-ode'  lattm-J  COO'6  ligga 

Maibodt  lo'  cak'iiafing  jr.d  p’adiLi  g vv.oa'aMi 
cor  1 1 anil  ol  compot'ia  maiant  p0209  N72  12508 
Analyt't  cl  maihcdt  lor  p aichog  a c ali  p«Ho'-fa  'a 
aro  -acoTunandaiicnt  lor  <OT.p-ji0-  prcg'i-r-.t  i'>  p'ov  da 
accuaia  r'aOicliOn  ;aoaD-l>u  pOOao  N 72  32036 

Aaro*t>  tam,c  ■ Onl  jiJtiOr  ■.  ; I t VM»0'  M -iqt  I ■)  l••^p  I . a 
I h pafTo"r|ii<a  ai  tia'i  -t  figba'  'S"Ta  o'  s ibso  •• 
tpaadt  p02-4  2 N?3  *50'0 

Prad'Ci  ng  flYitg  ^-ja'iiiat  b ly-.-a'  :asi' 

pC045  -N73  -‘7COO 
a «d'ci  o<»  ol  aax'a'stiiL  t.  r (,.i-9in  ,»Mr.  is  -i  - Mab'  ii 
a-.ironioi  pCyiassn  ny:>f, 

Oatignt  4f.d  nado'ma.-.ca  (r«di;i  o t I;.'  h yh  jiedo"*' 
»'•'»  '.ypAiton.f  •.e:'0‘  tvt'eo’t 

lAGAflOOGfiARH  1631  pOi03N73  l’?48 

P-'Kadj-a  fo'  p adiri-iig  ca  '0"T'ai-.a  . iia«a-i^  si  rs  .! 

tacc-id  iL'oai  d if'rta  t m i»>ia  r t 

p"‘  S3  N 71  I 7260 

f lat  tO'  I' rr-odal  In  piad  In  y parlor  T,a"r  a 'ha'*-:ia- 

itl  ;t  of  Ti»pa'to-»-c  aia-.io'  tit  arr?  pOi93N73  17261 
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iiftg  aa'odynimi'  loady  impoyad  on  (oia“,-  **if-o  •' d ro.o* 
huh  pOO90  N/a  1091  I 


SUBJECT  '.\DtX 


HaKopia*  ro«o<  toady  P'ad^ttony  a*yw*TiplN>>  t an<3 
tacbn>qway  to*  no*nai>cai  anaiyvy  of  ta*odyna*Tx  'oadi 

p009e  N74  tost; 

Ro(o<  tykiam  daygn  and  awaloa<«n  u«jng  a gana«ai 
pu'puM  haiKapia*  ftgpt  y>«T«w*aiion  p-og/a**' 

o0096  N74  10913 
Tba  pradKtionot  toadiryg  acitona  onhgh  Bpaad  aami  - -g>d 
haKOpiaiy  p0096  N74  I0yl4 

toady  p'a^iCiton  >ma(hod»  lo>  h»nga4aa*  'Oto*  hWiyor 
lary  p0096  N74  IO0I9 

inagiaiad  <ofO'  body  toads  p>adw.i*on 

p009?  S74  IOS10 

Dyna/rx  ytpl 

(KASACR  <364731  pOD<0  N74  0709 

AOTATINC  tOOKt 

Magowy  cha*a(ta'iM«.y  ol  a'bH'arv  <oiai>ng  bodds 
(AGARO  AC  t7t;  pOD<8  N74  0710 

ROTATIMQ  OI6«0 

fab'<at<m  of  tobafi  audy  a*yd  <^<ha  atto?  gas  iwr^n# 

btaday  and  disis  a0299  H7l  17392 

Oas«gn  lab«aat.on  and  lasi  oltKwon  poar>*r'^a 'ainlo<cad 
'•tan-u'W  Ian  ddSy  <o  opa*aia  a*  r«.gh  larwpa-aiu'as 

p020  N73  27490 
Pa'to'ma'ica  a>.<l  andw'anca  ul  .o**'to'a>sn'  disAy  bound 
swih  oo'on  <omooy>ia  w >ay  p02  O N73  2 7499 

AOTATiNO  (NVtAOMMIaiti 

Siabriuai*un  o*  turt>o*a-  « y»toai  lat#'  Row  *n  -oiaii/ig 
SfSff/rs  b*  conoi-y  *o«ca.  pO>80  N72  20309 

NOTATINO  OCNI 6ATOA0 

Oawatop/Tiant  ol  yi>pa<<ond^  ■ rtg  homopniai  *'^a>.h>rtoy 
« >lh  <nw'1.'/<a  d/w  i arto  y*>oa*CO'  >vi.<*ng  Iwto  w-nd^ng  uS^ng 
iiq  '*d  'T'yia'y  to'  ynatu  « coniart* 

P0064  N73  1903  7 

AOTATINC  «HA»T0 

Marhooy  of  iasi*<yg  •oiai.*yg  <o*hpcnanit  of  lu* 
tx)/T>a<rvM%ay  co'^-pa'ad  wih  lasu  on  <on\plaia  tu' 
bomath-nay 

IaOARO  AC  I6'*i  p027t  N72  26000 

AGARO  n-ghl  it\i  •nyi-u'T>aniation  y#'>ay  V9iu«T\#  4 tha 
<T«aayu  arrtoni  ol  «ng.na  'piaiton  ypaad 
(AGARO  AC  160  VOL  4|  pO<96N74  14116 

ROTATING  STAiit 

l<•.•a<fa'anca  af»ai.i  i>  -»aan  oyyUaG*yg  a*nd  d-ttonad  .n*ai 
Hew*  on  Lomp'tyyo*  sia'i  p0003  N7<  <9370 

ROTATION 

intwiinra  g*apA'<.at  and  wr'pi<i*ad  n>aiha<«'ai<a-  t'aai 
(T«a<'>t  ol  'niaitooa*  dynarrio  a»  appi'Od  10  hvinan  caniiif 
-J».  t'lVtoi  V»1  ■'1340 

ROTOR  ACROOYNAMIf'S 

R'oeaad'ogy  of  tonla'C'K#  o'*  w>ngt  to  invay'gaia 

'Off  wakay  aa‘od»na*n<  (ha'a<'***-t**<y  at  ho»«'  a*«a  h>g^ 
adwanr#  <a’>o  a*vi  aa*o*7ynam>r.  . o*ya  p»opa'i-ay 
lACARO  AK  01)  p0092  N73  2193) 

ROTOR  iUAOCt 

Oa^atopmanc  aI  adva*«.i<yg  tXada  <o*vat'i  'o<a*y  w.ng 
and  <A  <to  lunna*  lay'a  o*  Iwm  wa'a  rrtodai 

pOO40  N73  2 1029 
R'otadu'ai  to*  *^asw"ng  vatooi*  i>si*ii>witon  ih'Ougb 
fto*"'.op'a'  *oior  biada  itovoda*  uyr*yg  y^ngia  ton  a<aia  'Oto* 
bUda  p0049  N73  2 <034 

Wind  t.  nrai  laMy  nl  *oia>  w.rtg  to  daia*r^  -na  'ahaaii*  o 
triad*  t«an  ai  sava'a*  p*ayai  pa>a*t''-at«'y  a<yd  affar.i  of  iwa'v* 
now  aaa  p0049  HTJ  2iC3f 

Oavaf'Tp'T'ant  *>f  lamogvia  fo*  'o«o'  taa-la  dayg*’  •■'d 

1 toa«v'a*na'>:  o'  p ay  >G'«')iti:itKfiNX'y  a’ong  ihatriada  t N^'O 
aryfJ  auoty  CMada  /aha  naa*  *oiO'  t*p  •«  R-g^i 

p005«  N73  2 1047 
Anaiyy.y  of  ha< '.oc’a*  b<ada  f»wna*  to*  bc'h  hir>gad  and 
hwygaiasi  'oiO'  triaday 

lAGARO  R 6071  t»0092  N73  7 1920 

AppiKal-o**  O*  bO'On  a'j'W.ou'n  (0*»  poy  '0  o.aiai.ai  lo' 
COT’yl'XIto'*  o'  ••-■tr-to  tHadai  Will*  h*w  rv>l«h  ywf>v|.w.ly 
.n  h-gh  t»f  la  tai  g ^a  p02  *3  N73  27497 

ROTOR  ttAOf  t ‘TUA60MACHINIAVI 

f a/npt'aiu'a  i^a'd  '*‘aayti.a/**ani*  w.th.r»  /on.actmn 

eoolad  'OIO'  biada  o'  gat  iv*f»*«*a  ang*na 

p0799  N71  I 7307 

impaci  Tboi'''9  /raihod  lo*  iu'b*rta  'oio*  Nadat 

p0360  N7 1 I 7397 
Haa:  t'a'»yla*  a- d lha"*'al  yhayt  <aicu'ai’ony  lo-  gat 
tu'b»na  lOin-  O'#  to  *to»*g'-  p026  < N 7 1 17401 

OOTOM 

n.ghi  < ha-acifyiK  > a'  J oa'fo*'na«'ca  of  f a*»ayi«on  lypa 
ttoi»'Opif'  i#'l  *oin'  pOO40  N7  3 2 1028 


9 3 AIRCRATT 

Prjia  '/  P.'^hi  y 'nuipiiT' . .n  da«atop*r>R*ii  «*•  9 3 a'd  I 14 

a.'t/alt  1.0049  N7  3 1 7001 

0A  330  HEilCORTEA 

Ai.lonunuul  yy^it-'"  fn-  SA  3 30  h*'.-  opl«. 

pno  Riph'  layi  'TRihody  l>003.'’  N72  1 <929 

9ACCA0IC  fVf  MOVEMINT6 

Cv-t-’C  ' •va'-y*-'-;  •»'*' 

rof:i.*'<a  of  uavtho  pHp  ir^a-.oi'to'f  a*  d*vgy  '»n  *ig'ia  *<t 

p01ui9  N74  20749 

• Aff  T*'  OCViCf  • 

Sa'alf  /towt.a  ywly  l«.-  • ■J«>  a“  pi|i!R..I^-«*  d-y/ing  .Of/p.  t 
•cxa'a'Ploi.  oOtOO  N72  '913' 

upl  < «PyhWO"h  .-ayy  |,a--lri-i'  p.  ■' a '>•  'On»ayto*  a' 

puion'ob'ia'.  andpa-fo*mp-.-.a  o'  ^y/^ay  da\ 

fo*  p-otwi’*»*.  pOIOl  fl 7 2 l9'4? 


tATirr  TACTOR6 

Spfaiy  *T>fptu'ai  to  aiintir-aia  ai'ciah  npiiirtg  voria* 
hRiaxH 

(NASA  TM  X 671291  pOO20  N7  I 334  10 

Spwd  and  fiaid  tongi*^  salat*  ladO'y  lo*  apo'cach  awl 
ip*to-ng 'nachpnc.y  of  B'aguat  ai-  'afi  pOO20  n71  33‘.70 

Hu/npn  Ipf  0*s  an<J  lOnt'Ol  yyytam  fariu/RS  >n  |ai  upMt* 
doimg  l'jrtNAa*xs  t^icouniaiy  p^329  N7t  23424 

Tiyi*yg  satoty  tocio.  t i*t  cto«a  lo  ground  ogataKonai 
ol  RH  SI  fto*«.ooia'  p0030  N7  1 23430 

Ua'hingy  to'  p*opaitai  cony^u.iy 
(AGARO  ARSel  oOOb  / N74  1 2 2 1 3 

6AFCTY  MANAOCMInT 

Sofaty  cooa>  to'  opa<ato'y  ws  ng  lasa<  aowp*nant 

p0076  N72  26097 

EAMDMfiCN  STRUCTURES 

ORy#top*Ttani  of  aa'Odyna*Ti(y  ti'ixiu'ai  day^n  data  to 
•aduca  tftoniy  of  a'  OoyiM'  laiRjua  on  Rat  and  y ngly  cu>vad 
vandsNich  paxtoiy  Rad  2 

(AGARO  AC  162  RT  21  p02»0  N73  14690 

Appiicaitor'  ol  co/*i(]iyy>ia  maiaMpiy  a*to  »a<~«to>';h  yuvR. 
lu'bs  fO'ado«.a  vwinafpcaiiiy  ola**c*afi  st'wciuray  top'Otau'W 
.mpdf  00212  N73  27407 

So*'‘«  fat>gua  / hp/acia"yi'*  y o'  I'lanKj'n  yand«r<h 
y('u>_tu-ay  and  nu*na  <ai  anplyyit  ol  rvaiu'al  I'aOua'-^*#'  and 
yiaiA:  yi'ayy  «aiu«y  p0293  N73  29919 

SATECUTE  ATTITUDE  CONTROL 

Spiatiiia  aii'luOa  coni/of  syyiamy  NA'O  eonla'anca 
(AGARO  IS  46  71)  o0277  N?2  < 206  » 

Rotai«nAl  (^yrypn^ici  to'  SAtafi'ta  aiMuda  yiaCwi"ai<rn 

00277  N73  '2067 

OAO  I^ni.ng  a^d  aM'luda  sanyO'S 
(NASA  TM  X 673041  p02  7 7 N72  '2063 

Rayy>va  a'^J  som.  aciiva  aiid  jda  conco*  to'  **-  iit.pte  yp/n 
spiali.ray  p0277  N72  -<2064 

PaiKva  and  aa'n.  acirva  a'l-ioda  co*-i*oi  to*  itotOto 
ypiati.iay  p0377  N73  12069 

Ang  jiB'  mo'haniu/n  aiihanga  syvra<r«y  iSi  a*^u'yo‘' 
yyyiar^t  and  *npgr>ai<  (o'Qua'y  'o'  aci-va  *t:«*!<ia  ati-tijda 
control  p02  7 7 N72  i?066 

RitoGir.iK  yystarT-  osad  with  TO  saia">ia  aH'ioda  ro-'i'o* 
yfylaiT.  p0378  N73  '2068 

S*'to  yaia'Ma  a't’iuda  rraas"  amani  a*to  comirri  ymtarh 
* o*nponaniy  oO?70  N73  12069 

0>a'aoa'-ti>(s  ol  aiMuda  ct>ni>oi  yyyiadt  pnd  o*-'boa  d 
to*hO>/'a'  wsad  w.ih  AN&  as''ono**'K#i  ya'aii'ia  to*  uinav 
•o*at  ano  X *ay  d>aavj*amar>iy  • ypace 

p0)9i  N72  19491 
OtTttop'Ttani  and  cha>a(ia"»t>ck  o>  ih<aa  pi.y  ipd«o 
I V an>(..<4a  onv  ' Id'  y*nyl*tmna<y  yatalii’a 

rO'9'  N72  »949? 

Oas'gn  davatopr^a'  i #rd  appi't  ai'O'y  of  atae  ■■•caiiv  d"«an 
ItYWynnsii  fo>  yia^'-raiton  o<  Sy rch/onous  sa'al- 'at 

pO'9?  .N72  19493 
Cha-ar.iansKy  o'  tanyo*  tyMa*r>  io<  gat  yiai'Ona'y 
yp>nr>>*'g  ta’fiMa  to  da'a'rTf'.a  yaiaii'ia  a'i-ti>da  du'<ng 
nantlai  and  l><<ai  0'h<:  pOl92  N72  <9496 

Oavtiopmani  ol  Ca'topny  yin  yanyo'  toi  yiabiii/ai'On  ol 
X4  ia<Kno<ogy  ydia'-iia  pO'9?  N72  <9499 

Appii/.aion  of  asdii  tocaiton  ya*>yo'y  bpa*an''g  >n  *is.bia 
ypwci'l  to*  Toni'Ol  o'  li<yeo'n  t»panmanip.  Saia'iiian 

p019?  N72  19900 
Compv'a'iad  v'r.j'iiton  c/l  d..ili>--  aiMuda  *o>iiui 
ciiam  to*  yaiaii'ia  wi!i>  fieiib'a  bou~.< 

,>0279  S7J  :i09O 

0ATE  LUTE  CONTROL 

Past'va  g'avry  'i>)(3>a'>i  -nairuo  toi  Matyi'/ai'or-  "i  lo‘t 
M'-c  Paoia  yaiaiiil#''  p0278  N72  '7867 

8ATCUITE  GROUND  SUPPORT 

ApD'-<  alton  ol  dg.(|i  ■ nmooia  y I*.-  j.il'j  nti>-  layi  ng 
a<>d  daip  p'lKayying  <)j<  I'g  (.hs  ktui  '•'  vaia'i.iav 

tO'9J  ny2  '9909 

tAtClUTf  INSTRUMENTS 

OAO  pOiHiing  #.i1  pililuda  ya.->M>*4 
|SA$A  Tka  X 6738«[  l/02  7 7 N/?  '7863 

Cha  a<.'aiiM  .v  *>l  vaia-'ia  la'a«*yK>  • ■**.«.  d"  y \,\iaT 
..».ng  lortl.nuuuy  y/anniAy  w.ih  ..oi'Manlly  '>pen 

aoari...a  pOI92  S/2  19498 

SATELLITE  NETWORKS 

0>tx|  yhpf.ng  pn/1  dapl*>T 'T>#n!  p'OtTlafni  ol  h.yh  CXTWa' 

saiall'ia  cO'^mor.K ai.on  yyyla*T>^  p0133  *«73  1Q?09 

SAtCVlITC  068:RVATI0N 

Sa'a'I-’a  ' luud  ''wa'  o1ry*'>a'**>ni  Ir*  daty  n-..  .ng  -ad.o 
and 'Ida' p'opaga>‘0'>  <.ha*actt'-yii(.y  nOii4N7i  2t4'4 
UavatopmaM  ol  DuKa  CO*1a  rr'O'l  .i#i  o**  y»»iam  to 
a'icod.ny  ard  lo*maii<ng  daia  uyn,,  vfiai-ia  on^op>/i 
•gwP'T'am  r»Ol93  ‘f7?  19V)3 

8ATFLUTE  ORSITS 

O b*l  iha  'ng  an*1  daployinani  p'Otria-^y  0»  r.igh  pemt' 
'•lai-'if  ;o*TiiTiyf>.f  ai-oo  y»yiaTy  pOl33  N73  '0209 
SATELLITE  orientation 

Cha- a>  ( .•  <yi « y ol  ya<<yo<  yTyiam  lo.  gaoyia*  o-->a-v 
yc^inn/.g  ypta'i'ia  I'j  daia'DMop  taifi'.ia  aii-iu^a  -tu'.ng 
ranyi*  |f>d  i>npi  o'hii  ,)Oi92  N72  '9496 

SATELLITE  ROTATION 

Roitt-onai  dvr\a*n.ci  IO‘  ypiai' It  ail'ti'da  t'ab-' rai.r)/> 

o0277  S72  '2862 

•ATE  LLITE  TRACRINO 

Ana'yvi  ol  I'ack-oy  yvtlt*Tty  . .1  w !h  O '.ai  la  a' 

'Prtya  i.'dary  a*wi  acoi": ai'Oo  lo  fariu''0  *#'■  • va'*  |■'a• 

nOi94  :n  '91>I3 

SATELLITf  TRANSMISSION 

Air-I.l  luto  lad-og  C ' yiiparh  gl-  l<a'1>4<'y  g»/Mla' 

I <>n>.^-,i  xpi-O'iy  yAit'iiia  vgnpic  /o/.y'to'"g  •in'-i'j-a- 

■af'ai'o"  PU'47  N73  ?h»3‘. 


A 58 


suBjecT  isoex 

•Amun  •OAHC  IM«TNU«llfNT» 

fni«iOW*v«  «>'  *“'^*«* 

lO 

p0122  N?2  »609i 

SATtUlTI  •OMNI  ^HOTOOMA^HV 

Ary^r***  «*  *"^nr  o*u  to* 

|«n<|  pOW«N72  16Ml 

•ATiUlUt 

IOr^MOrv»*<  . t.uVAO 

pOW*N72  2lUO 

ftCALAM  ^ 

L«M*  t*chn*g«*  to*  fiK4»M'‘ng  *04'-«' 

9«  P«M*V«  *c**»*  •"  luft»»^4rM  oOl79  N72  202*7 

^CAU  (COAMOtlONI 

T-vwJfl  i -octoni**  ol  o>  ^ »cA*»  to.*T>*ci  an  o*«te(«n 

p033.  N73  3J0O4 

irt«<rrto^n4^*M  » ol  0203  p*Ol*CI'v4 

w«v)vi  <ond«*on»  pO202  N73  23607 

Oi«l4<4X>  *#*'*CI0*>  nwl4l  to*  uw  *' 

•n*.'0«fn*nii  p0203  N73  23®>i 

SCAU  M*I€T 

St*i*  ftc***  MSI  ••*•01  al  lr»n*on< 

pOOn  K72 

f 'tavu'*  D*Ot>‘  4 lr»l»  on  tMOpt  w«n4*  to*  anjhr/'nfl  *<••• 
•ftot  I ai  htgh  KibaOn.*-  oOO ' 3 N ? 2 ) l *6  7 

rr«ai«f  Malta  a*to  *TMt.ng  l*»>Q»h  /n*it*ob»  7o' 

d*t«<nwa»ng  lurtjwtonl  bO«n^r,  l4v*'»  l*art*la« 

pOISO  N72  J03O4 

fCAU  MOOCLl 

CofT<t>S'-U)r‘  ol  Iun«a#l  4^0  tn*0'ti'<»l  l»;nn.ai>a. 

to'  w*t***»  *%^  »w“  w*'t  ••'O^namic  f-ght  d-ag  l*clo»a 

(NASA  TM  X ^ 74  131  j.-0«3  N7?  1 1*6* 

Tia*>*OnH  •.od  tunn*l  l•tl•ng  (•Ou'**  ' "'I*  to*  »imiAtt'*4 

Itanwmic  •**odvn4"'ic  data  ai  «*flM  Raynoida  nii*nt)*ft 

pOOU  N72  1 187  3 
Con#, an,  ipp>o«cr>  l©.  caKuiafng  bacMcana*  1-o<n 

Two  *i4i#  '0«AJb  •w'7*<aa 

ISASA  CP  1264631  pOl26  N7?  16117 

Aa.odvna'^-t  co*«.*-*n1*  to'  c*»<ulal**‘fl  «'«naoo*l  i.K'lH 

D»Ho'ma*><t  wV'4  •■'to  1«nntl  tto  MAM  *no(Jala 

p0063  N73  24046 
Mfd#''  "4  (T*ihoda  ol  oaii'.'n'O.ng  >#04'  t<iao  cn a* «.«•*■» 
l.f>  ooi<*<  uit'aaon't  Ito  *4d*o  ma.toda 

p0i44  N74  t 1959 

l4*a«i  ih4'#<ia*>*t'  » '40a-  on  Ma'**1 

pO,..NMt.9«0 

Iht  0*r>p4q#Kn  ol  •l4<t  OTI4*0«I.C  wr-ti  0^4' 

I.:, an  .4«*<*  •a^d  <i.H»acton  $f><3  i»aM*r..i». jn  io«% 

0C146  N74  13R48 
Pad*n  iAa*«  fl*rt'ac«-on  't -*  ;o  a n-o-j'-ia  *-  o*  vok«n< 
p0i46  S74  13051 


tCHUMtM  AHOTOORAAMT 

M4lH*'n4l«;Al  /noM*  *nd  nu«n«(iC4l  •'>'f»*i  o7  COlW**'  I 

.-d .. 

HfOh  irmtl  KMtaiftn  ri*:n  of  potMltng  Aon  *n  t<an«on< 
,u*b.^ca«.d.  P027ito?3  1M18 

O*04nu4i«on  ato  op*'aix»n  o>  US  An  ^o«<•  »*4i  P4oi 
©0036  NJ2  20W4 
A,o<«0w*«t  to*  t.»*-ng  prfol*  -«  aaa*4**«M«  ol  AgM 
»v«i«*na  du'*og  aroodaoc*  4«  €<»<(►**  7*»i  P4o»  Stf»oo* 

clriato 

O*0*naai<X'  0p4«4t«on  4ndcui»<«lj»nOlWS  Nary  T»it 

Aaot  School  41  Raiua40i  N#tA  An  SiatA»o  MafyfA<to 
r*o<  scnoo. 

ftCICNTlAiC  SATIlUTlt 

□#y#lopm««r  and  caA»*cio***i<*  o*  aio*#©#  •Ok»c> 
moni  to*  U44  on  **"••  *c**ni*6c  aow«c*4f\ 

p0193  N72  19S02 

tClNTIlCATlON 

14M«0*  aiudiM  of  acioMiaion  lo  *ad*0  iignaU  ftom 
*,d«  MKi.c*!  M-J  a4i1i.t**  pOI20  N72  2U37 

iniantilT  •4*tai*Onv  .n  Ml***!#  Mn'l*»lal*On»  •«  * *a8«* 
oOl28  N72  2I'38 
lo*HMph«'*c  ****fl«»a«.tt»  Cii**rg  n.gb  i4i*ind*  *4l*i*  ia 
M.ni^^  ©0128N72  2M40 

Hf  4^,o*ai  LMhvcaiia*  M.ni.ll»iK>n  litoon,  »od  t4i«li.ie 
t*Mon*MO.d.n9a  pOl30N72  2U50 

The  o»  th»  Angu«i  l97i  magoair  »lo**i'*  on 

„.nM.a.<*n  P0187  N74  14088 

ICACCNfNO 

f«a-t  ol  tana.**  M***n*og  on  1h*  d.lla*ani  owKh«n.an  » 
ol  o*oc-oat.on  P0146N74  1385C 

8(  210  A»ACAA4T 

Auto*n4i<  4PP‘04C^-  landing  t«aiam  ••ir»  «a*n 
wa-n.ng  a-g.  4i  to*  C4*a«4ii«  4.*C‘a*i  co*-i*«»* 


Pad*n  wa*«  rt*fl*4c«-on  't -*  a n-o-j'-'a-'*  o vok**’-.  i 
0-,g..  pOUO  S74  13051 

SCAUN'I  IAW8 

S*-4i*ng  I4A«  ednat*y*1  nnjl  p<OWa*"'  and  ooli.Tii.  n 
,T.o<Mi  »./•  aiaooatad  -nnh  •■•■d  i*.nn4i  -#au  ol 
4fw1  <oia*\  w-ng  a'C'aii  >Ji73N73  262  6 

iCAm  A At^OAAOATlON 

T,opoM>na*.c  Mjiia*  p‘0p4gai*0".  and  p»4d'd*on  oi  *a*i.o 
.'ht'ida--*:  c« 

|AGArtOCP70?M  pOM7N7l2>4S» 

l.-oooacn*  .<  «ai,a<i*»'iY  ta'-anon  o*>  -ad-o 

acaita*  P'opaqai  on  pO<  l 7 n7  i 234^? 

S<«no.,  g (o*v*a*d  V ant*  f^>app>ny  a^-i  '•<D*j«-'i  ‘art* 
rt^cdtri  lo*  i.opo*^pha»-c  wane  y«ocag«l-o*-  |n,i,vs 

pOi 18  N7 1 23454 
1,ansm.air;n  'o  .•  • : opo'pto'.*-  J.|r.»hn../o«*  p.^aya 

I 0-*  on  1 ? C,M/  v.atl4  i-n*  p0»  18  n7  I *3450 

Argu'a*  d.va's.ir  p**va94'  ar.iann,, 

,8 

f u *nuia%  i*>'  * ac.»ia''''tf  •Mac  la  o>  d'^'e 

•a*i  41*0*1  ■••  •iai''«'<»"»  r oi-ouen*oiia  a<-d  .vjuoc  * *1*«<*-' 
ton,-an.  P0119N7,  23460 

Liii*ahioi'  i*an-'«n  ¥ ani#n,.a  >caii«'  p'opayai-co  d*»«»*i> 
a':#tr¥.«9*ta..O"  pGii9N7l  23461 

Mai^aii  l»#ld  irao-v  to'  wiv‘''g  wt^a  paih  conjioiifO-’-u 
.rt  i.opo»*'na**e  Malta-  i opaqiiion  pOI19N7'  23*6? 

Mii'i'paih  «r4''n*n.a»-o-.  **’-•, dai»  lO'  p-a'I’Ci'ng 

dnio'l.o*«  and  iriflimodj'at'On  '*i  t-opo>wh*<.<  v.ail#‘ 

P.opagAlo-  ^1.9  N71  23463 

MaihfmaKfi  TwNi  to*  i-^-j-j^ncv  *o**f#i*o*'  tooMo.. 

ol  t•r>^x>•p^•*r  Manar  cnannui  o0l  '9  N7i  21464 

f,4ro*n<.v  co;>alai-o'>  /Ti ea  iw'tn. a-.i s o'-  m ,npa  n 
I oooapto---  *<a*it'  p*opagai.on  o0i'9N7l  23465 

i*r.pulvt  •••po'-na  maaMie'n.nia  ar-a  .ado  l#>.«  l.rk  f->* 
tyaiuai.na  uopoiphenc  I'aiit*  p-opaaai.o*  ‘ 

, otlll9NM2346d 

capably  ^ 

Co'npu'tiij**!  n.mwlal'On  ol  i'0po'Pto'-<  >*#"»■  toar-.  ti 

d %*od.o- -jy.ng  Mont4  U''n  'naihol  PC-1I9NM  73467 
Si#i.»«  c»'  io<t*-a«i  ol  vgna*  aii«nv,al*on  •..in  i<opo*p7'a..- 
vAiit*  *T'altO'Oioij.<tl  pa«a*T.4i«,t 

pOl 20  N7  1 2 34  M 


^ pOOlO  N71  23429 

A /v«««  4pp*04<n  lo  gu»l  aliov**  *on  o*  a 6«i«b»e  a**:;«a6 
04.03  an  optn  loop  dov.<a  4ppiM:ai.on  lo  <*¥ni*oi  i,*ia*n 
o.  S?  210  ...C.6  pOOeOM74  17745 

• CA  80UGHN688 

Na  ujl**  ".-dth  *ada-  to*  '•‘••tw'-ng  <7^**' 



Pt-noi#  aaltil'ia  n-.:  cnra*a  »4*'V'’V  o'  '•••act 



Ctvo‘«t**c«  <pi-:»  '5#o*v  to*  m<»oway« 

«4*ron*4tu'«»  •*'  *o«9^  '•*  av'laca  •*¥».«-»*•  *?'  '•7^'! 

••na  ng  04U  tnifp-^iato*  pOI24  N72  181  »2 

SCAITATfS 

Raoa>  «4tMi#‘  sea  4iai«  •n*<i' o*-.  < v»¥  v*vi«y -a- 
oOUSN;.  M96J 

8(A  WAUA 

P'«‘ac4td<an!..«Yt*  b*a^  a-d  .ony  ia*m  baa*’'  atposo  a 
(•»l»  to*  d«U.*n..*.ng  »l-ai»  <c**0»*on  nl  Al  a>iOv4  ' 1^* 
«v0288  N72  V '9  i9 
a*tov.p***;ai 

p'opt.i.**  •••  ••'•*  to*  appi.<*i*on  lo  4j.*a.*ia***.e 

mapo.no  ..<#UO  .i  a<*d  ».vb*'.l¥  ^ „ 

lAG^flS  ^S6.|  A0741  N71  33619 

OtOrt  po»a.aa«-o*.  ih^j-v  to*  d#ia**«*n.ngalt*  I'OmaOto' 

.»n.  ol  Ma  v.'faca  p024l  N73  336.0 

R»d.anct  d*»i'*b-»i*on  as  ly***  i-o**©*  ttopih  •*'  uppt*  *a»a*s 
of  o***#©  «*-d  -J*-**K#I  #*••'¥'  ' Ol  .nra*ani  and  apua'***! 

„0,«.  N7J  336!. 


SERVICE  LIFE 

HUCTIVt  OKHMINATION  Of  IH.ORMATIOM 

Harwell  t¥*ai  1*#n»t*.  and  Ao*d  if«to**¥>ai©n  analvMs 

,aoi..  P0‘13  N71  19530 

A*ofi#  c4>n*ifuci.on  co*l  b*n*l.i*  •conom.ca  ato  w4*' 
ao*v«v»  .n  i«aA*to*  ol  ^•chnolngr  and  •eiac«'v*d.»»4*n.naiton 
of -ito'rrsafn  p0301  N?l  2 3506 

0««.gn  aiyJ  op**ai*OAal  ol  *man  data  cant#** 

to  t*chn<«i  v»R4r« 

(aGaRO  CP  1171  p0158  N73  24201 

Iptoimaiion  dna«fn.r>aiK>n  »arv«:#*  lO  to*a*l'V 

pOl59  N73  242 10 
lft|Oim*ton  d*»#*n.''41'On  a«nrK:«»  ol  t•chn«:•^  .nforma 
iM>n  aa*vic«  ol  Na.ionai  R#4*4'ch  C©u«k-i  o*  Cai'toa 

p0159  N73  24211 

ftCL*  AOAATlve  CONTAOl  8T8T8M8 

R*obl«'T'5  m ipOKaiion  of  Adapl«v«  and  '«ii  o«9an.irf>g 
a*90i.thm*  to*  P4«am /•cognition  pOl52  N72  m85 

8tLf  AUONMtNT 

Adva*^  p.Lic#dw'*4  to*  tail  fiign^iani  and  c»«*u*a‘j^ 
ol  Bs«rii4i  pittlo.n'i  p0230  N73  20706 

MMANTlCt 

Ore»i*on  an*wa'.ng  Ot  If  I to-  aulor-al«:  gena.t 

i«nolp.og  a'T.*toa.D*a»4  •amani.c  co*il#nt  ol  tngi  sh  '•ka 
♦aiMarcf.  -n  p'ocadyai  .nie*'*'*d.aia  la-guag# 

pO tSI  N7»  11177 

8(MlcmCULAR  CANAvft 

Tha  moalaniic  iii-nuiai'O**  ol  iba  ;»L.'.nih  by  Pen*' 

■ agol.iMJ  ...  canal  pl^  00I09  N74  70748 

RtMICONOUCTOA  06' ICC  3 

Oaveiopmani  ol  sysia"  to'  .n-provel  qj.'-U  ccni.oi  o» 
sanKondjCtO'  d.vcas  u*ad  . t dat  gn  o'  ipacac»aii 
.-•cl  V...C  aoup-nan,  t0191  N72  1948. 

Appl.caiK>n  ol  »cann,og  elaci'O'-  /r.crotdOpv  lo*  Is.lo't 
analfs.a  and  rMysO«»l«oci.»#  l*»i»  ol  s#m<onduclc-  <3*v 
• p0191  N72  19488 


S.tovana*  p-opagaio.-*  ai  * 
mn.i.lo“*q  4'*  pnl'>il*Or.  u**'"q 
i«..l  . 

M.as-j.**nariis  ol  o't*  .o*ta’-'"-  ' 

SCATIf  AINQ  fUNCflONt 

l.gM  V Riia'.'-g  hy  pa- 1 
V all#...  q l•,(•9  ;.-3  - ."*1  i.a'‘''-i  'p-a 


.gha*  l'.q»#nC'.»  '0* 
’-o'#  op'  -.ai  *ad.o  '-  d 
^>77  N77  1609  7 
caiia-  a'  1 1 6 t»H/ 
oO’>47  N74  13853 


pC24^  N7J  33628 


pOl54  S72  1 1 199 


ooKal  O'CPtFi^s 

OaOvt  pniaM/ai-on  «h.>*v  to  rtal.  *i»*l.r.a  »l#0  *.*h-  •'« 

t«;  «>a«t  p opaga.-v*'  "*  *«a  p024  . N73  33622 

Oolrtral  n*op«*i-?v  o'  ( O'*  ar.d  l-^.Oy-a-i  '**a  •ai.* 

l024  1 N7 j 33624 

Ta.io.q.«%  to*  p-fl--*g  .«.sis  ol  ih#.'*.al  and  sal.*^* 

.ono  f»or>#n«.  O . -H»l  n-av*'‘1i  sv'***^'  * 

l-)n  lo  wi*  a'  p op«n-«s  ul  sea  •aif  p024i  un  jjo/t> 

I H.r.i  ol  *x*a*i  d•p:^  o*‘  i-gto  V"i"**  *'g  and  ati«*.uai.*>  > 
pai^"*a»t'»  It*  •*.* 'uda  upitai  p*of>enws  .*.6va*.CMl  I * 
corfa,.i*ai*o**  **/•  a*'d  s'.ap#  '-I  o»*'‘s«'ait  *nail.* 

• p074l  HJZ  33626 

Maii.«n*#'*cal  lh*0'*as  to*  d«l***n*'''''g  p ‘>o.?a»*o'' 
bYsaa  •#..*  H73  33627 

t*gM  v.aH.*  *-o  pa*i-.».'  saa•al••h^■stoon  voium. 

•cant  .no  ».K*ti**v*  •*'d  pO"*>i  4D*.ad  lo**.-i*on 

“ p0247  N73  33628 

IP.Ll  ol  V#  -O-.S  pa*a*’  *i«*'  on  tong  *a*^gt  Mn*i«‘V*ai« 
,.«*on  lo'  ••••*ow  a*'*i  b'oad  baan*  .llMm.nai-o*. 

t.0247  N73  33630 
ertai.is  ri  -rsoi-.io*’  sigr-a*  lo  no-s*  *ai«»i  **'d  •conasi 
on  ondo.wai.'  i/aag-ng  Sf»i**»'.4  p«*to*<r.ar>- a 

^0742  N73  3363' 

Con  p-^ia*  p*oo*a*»--s  tor  ana'*f*og  wK.'  p*3p**i  ••  *>' 

N73  33630 

ICAACM  AAOflLES 

R.itiot  da»a  *«.**»•'•  »g  p*ot«s'  lo  -aiayani  y#**at 

..da. 

8fA1  Sf LT5 

Satoly  b*iis  a**d  a«  bag*  to*  n.gbr.a»  a*c.<l*n*  p*#..** 

p0O99  N72  19176 


StMiCONOUCTORt  iMATtRlAlSl 

Appl..  al*on  «l  'or»*C>l****'«n'a'>  *"•'»'  0«'to  4«^*C.ynd-C 
If*  10  dai-gn  cl  i"iegatod  crwi*  vsad  vsiih  *pa-;ac'afi 

aiacnonic  MJipma-ni  a*to  co/nT-e'ciai  agoomar.* 
aaci  o c eg  p 

SEMIIMAIA'CAv  tOUATiONfi 

Serr.  amp.r.c.al  malhod*  to'  dts.gn.nq  aiaciO'V  to'  sa».0oV 
.0.93  S73.  729! 

tINSOniMOTOR  Pf  RfORMANCt 

Raiai'on*6.p  of  .niaiacuon  ol  ./npw'*.-. #'.***  and  anireiT 
...  -^*<A-*rarra  -n  h-  .nan  to'isgs 

'■  0-:OA9  N71  20361 

tINSOAt  OIAR’VATION 

tRe;t»oltd«K*l*0'.  afi*!  pi  a-  *>*-  odya'T'ic*  o»  adapt  al>i 

* pOOeS  N71  20364 

SENSORY  AERcePtlON 

fian»ois  facior*  ol  rnoiio  > v.s*on,  it'd  i.aa-'"^0  to'  p-loiaJ 
pO.7  1SM.6064 

SEPARATED  SLOW 

flow  lapj’ii'O*'  concaplt  ui'-d*'  b'Sb  I'ft  coto.i.on* 

p0025  N7 1 20055 

flap'asaniai  on*  gl  How  s*paia*o*i  hvbftiet  *■«•'  a-do.' 
l.Mnq.P,.  pOOJJSM  20064 

A-naif*.s  Ol  lan...#,  pa't  oi  tapa-ai-on  oubta*  ■*>  m-a 
d.nwns.u.ia'  .n:orrp-#*vbi#  flow  lo'  va"Ou*  **iapad  o6 
,BCl»  p0O4  1 N 7.3  1 5000 

Da/a‘op'^a''i  ■nl  *T>ai'Hx1  to»  taisvi',i"'-g  itn#-;  lepa'aHon 
tor^i  '.aa*  'eadr-g  adga  o'  •..to  I al  i'':.d*nce 

o0O4i  N73  15002 
Ini'  ,#Ka  nl  ••.c-di-iarr-c  lo*ta»  o*  ■cia-'g.j.a- 

. rr^•r..»  •,.m  ha.fr-Or..r  move:na>>i  oa'.i  .1  I*.  S r*a 

tl.*w’n'./,„.;n,  ■ pO050  N73  ’1043 

D*ag  ..id  sapa'ai'On  afle-.ii  ol  vep4'iia.1 
,,  ,-..1...™.-  .1-S,  POO20S24  '.4  7 2 2 

A Mjd»  ol  How  *apa'#!<»ri  .r.  ihR  hasa  .ey  v'> 
tll•cls  do*ng  powa-ed  H-ylM  .nia-acLor.  baiwaa*. 

prOpolS'V*  |tl  and  f'f«  Vl'tam  flow  pOO20ti’4  M724 
The  d'#g  .atuM.ng  I'O'T'  Ih'te  J.men%.ona»  »*pa*a«’0*--s 
ta..va-l  t»  hn:.'-da'y  lay#'  'l.vfia-s  a>  d -.acei  av  m lobson.r 


SEPARATORS 

Ooai  pu'pnsa  Mia*  tapa'aio 

l-om  l.,el 

SEQUENTIAL  CONfPUTfRS 
St'.*,  d.g  lai  d^ia  t-ji  f-j- 


P002'  S74  14  728 


k ii>  d-.i  a-vl  waia'  ra*^ovai 
p0257  N72  11676 


•legaiad  'vslt-"n 

p028i  N73  23902 


, lor  ana'v/.ng  wK.'  p»3p**l  •*  *>' 

,.0243  N73  33630 


SEQUENTIAL  CONTROL 

Mo. lie  Ga*'*>  s.'r'.iiai'on  to' m...  ry-ac*..*.,, 
..ons.-1anng  p lyl  pt  to  mar..;®  d.g  adai.  jn 


SERVICE  UEC 


A--o«v  *■"'  s*.a-  •* 

(,,,op««n  * •*  cfil.t  O'.t  p0O9, 

flCONOARY  Fl.OW 

( ip«*in»an-.  •■‘b  »*1*  *^‘0'<l*  » 


p0O99  N72  19130 


©•-••lopn*.'-!  o'  p oc.'lJ'a 

. '■  -.4  i.a^Ad  nn 

p fjr#ga*'0'.  a-.d  -as  du®'  *i® 
1aGaO(»  LS  671 

L>a«.i*»P'*  * •■  *3!  la'.y  .“  I'la 


p'j280  *1  73  23899 

l.r/  noing,  to*  sracac'S'i  eia*  * o'  -- 

>«'  *l.•l.ly  a d ••*.ica  '.If 

0O191  N72  '.948S 
)ce'i  j'as  lo-  p*ad  - i.'sg  '»i  ' '* 


p07  70  N73  1981 


8ICONOARV  INJECTION 

P.if6j.rr.-.-  • lo-  !•• 


M.angd.  ®<  '8ts-* 

1.-J294  N 73  29924 
..-l-fho  . p-y*;a-J-j  es 

• 4 •••1  r..aib®n.al.'.a'  T 0*7.1 

s ,.  ?794  N 7 3 29976 


;.-j294  N73  29927 


I 


I 


8ERVOCONTROL 

of  onytroAmoot  ortd  «trM«  'voting  on  m m<vic« 
Mr\iCIu'ai  forfur*  of  tirfior^t  %r^  procotfurtt  lor  0<t<>Clir^ 
Mf«  opo<«l«nol  con«>t<on«  p034S  N73  39929 

Tho  ro4«  of  ih«  f»i>go«  !••(  m trv«  occopiorv:* 

COr*-f««l«n  ond  Mf«  Vrl'I'MOOn  of  tmko  Aircrtfl 

C^Oei  N74  196S8 

fCIIVOCONTNOV 

SofVOCOnifQi  infrarod  opiomotfr  appliol  to  ]lwdy  ol 
voiifHxtai  com  rot  ot  hurrvan  viauol  accomrT«odot«>n 
(NASA  TM  X eesssl  p0070  N7t  30371 

WRVOMCCHANISMS 

IMI  of  iftrM  ai'«  hydroflurdic  ttatMlrty  iugmor'a 
(■>>  tytitm  n hoKopfar  p0034  N72  11937 

•HCAA  ^iOlM 

Tur^lanl  bour^dary  layary  (Ota  and  wakta  confti 

•r*cr» 

IACARDCP93I  pOl  7%  N72  20273 

Turbuiani  ahat'  Row  modt'  fo'  aaiiYTi'Tia'ric  fr««  ;ai 
rwo  dirnanaMtoal  fraa  yha#r  iay«r  aryf  flat  plaia  buomfirv 
lavar 

(NASA  CR  135904)  pOl  77  N72  20296 

viaoahition  tac^r^lquaa  and  f>oi  wira  tnarnomaiar 
data  for  ahaar  flow  lurb^anca  pOi  78  N72  20390 

Pbyvcal  atroctv<ra  of  lvrt)ul*n(  af^aa<  flowa  m r>onraacl  rig 
oaaa  Row 

(aGAHO  AR  461  P01B2N73  1 1262 

•HCAR  lAVCRS 

Cc.npift  lurbulani  flow}  -y  panu'tiliony  of  claatical  Wf  n 
»naa'  layara  ar^  appr>cai>on  o>  Prandti  apo'oai'nai'O*- 

pOI 76  N72  20374 
StabJifaion  of  lurt>ulani  yhaai  >ayar  Row  m totaling 
tyaiarnt  by  corol  l lo'cai  p0180N72  20306 

SHCAR  STRfSS 

Imptovad  minng  lar^glh  irodal  apHiaO  (O  Ifiiaa  dima 
ntional  bojndar-,  ‘lya*  ai.i^'^iog  lur^.lani  yi%aa-  ii>aii  in 
iama  dttaclon  a*  lamina'  >0W7N72203B4 

7urtHjtant  afiaa'  atrais  >v;^>a  >a'-;ir>g  f'om  claitKai 
Ptandn  rriiiifig  inao-*y  to  i>'a(ic  ana'fly  r-oda-i 

pill  78  N73  20291 
Aoplicaion  of  I'anuxKt  aquaiior''  fo  Raynotda  ifiaar 
lirail  to  'aku'41-ng  two  dimanatona-  l>^  m turt>u(«n(  fow 
anaa>  latan  pOI  79  N72  20298 

8HtU8  (8TRUCTURAI.  fORIMSI 

Homotogonj*  daio'manor.  of  yiiHfoad  >#11;  fO'  'ado 
lafaicooa  iirucigrai  p0298  N74  1S6I6 

SlfELrENS 

Ha#iin  haia'dt  and  aff<ancy  raducioni  of  panor'a< 
aipoMd  lo  aimgiaiao  nvviaa'  yfvxk  wi«ai  ii  oroiaciva 
ahaiiaia  pOlOO  N72  t9  .38 

8HIR8 

Saiai.  ta  commgn<at*on  tarminai  h’  ih-<n 

pOi33  N73  103^4 

Oaiarr.'inarnn  of  >hips  o"anta<iOn  l orn  #<c  ;'a  omaiar 

aignali  p0230  N73  20703 

Analyl/I  of  p'Ocadu'ai  andp<oCMama<nvOlvad‘n  0O4'4<  ng 
hai<optarj  ftoiT.  dacii  of  ^^-pl  p0046  '!73  2l0i0 

•MOCK  OI9CONTIMUir> 

Ngmancat  analyiii  of  ■•acoui  yai  (low  and  ihocc 
formation  pO»01  N?2  27300 

8M0CK  lOAOt 

EaaMtvilly  of  tranaonic  W>d  tunnai  ’attmg  of  larga  co'd 
awapi  wirtg  panai  modal  lor  1 mgiairnB  w<ng  ifkocii  locai'on 
at  f»gM  Raynoldt  numtM' 

■ NASA  TM  X 67414)  pO0 1 3 N7 2 1 1870 

SHOCK  TUNMEL8 

Companaon  Paiwean  co'-vani  o-iai  piowdown  a^d 
Lgdwwg  tuba  d'<van  tranionic  wirx)  lunncii  fO'  b gh 
Ra>rx>ldt  numbar  rfr'g^  pOO  1 6 S 72  ’’581 

Parfo'manca  tr>d  opa/aiiO'^ai  cha>aci*naiir'4  ot  fi.gh 
Raynoldf  numbar  b^CMdOwn  and  ffK>c4  w.nd  ii.nnali  lo> 
iranaonic  modal  tatting  pOO<6  N72  I 1884 

Maatgiamani  ol  drag  <n  a mock  lu'-r'ai 

p0023  N74  14730 

•MOCK  WAVE  OEMEKATORS 

Auro<a<  "'f«ator<  tboch  wava  ga'a*aiion  by  igpa'sc'ic 
aiati'Ofai  a ct  pOi36N7j  14137 

Acouti'c  g'tvi'r  wfva  garaiauO'.  by  i>ant>anr  aow'cai 
m itoinarmal  am'.oapfia'a  p0l3S  N73  14139 

•HOCK  WAVE  INTCKACTION 

IniarKnon  pf  tN>c4  wtva  with  tu'bulani  bog'  dary  ia<tr 
at  modarata  aupar«on>c  Macb  numba'i 

p0271  N73  19815 
SfVKh  wava  bovndary  la>a>  mteraciion  •'i  compiatto' 
catcadat  p027f  N73  19816 

•HOCK  WAVE  RROf  AOATIOH 

Acouit'C  gravity  wava  p<ooagai'on  mcxTat  in  lonotpbtra 
and  naui'al  aimotpnara  lotkmving  njdaar  aipiovon 
ICONTftie  17991  pOl35  N73  1''.i40 

infrason  c wa<a  gana.-ai>or>  and  aimo«pba>>c  p'opaga'  o'- 
of  gravity  acoutiic  wavai  oOi38  N73  14142 

(ariaton  of  tamb  aimotphanc  adga  moda  by  la  1 ol 
latga  aimotphanc  aipiotior*.  pOi36  N73  14143 

HydiOdvn4rnic  C4*C glfdor-y  arvl  aipa'imania'  ooaanra 
1Kjn»  ol  lonot  nai-C  thOCk  liOni  p<Opagal>0'>  loiwwing 
n-jciaa'  aipioaion  p0l17  N73  I4i5.') 

Goniiruoul  wav*  OopP>«'  'ada>  oCryanyai^m  ol  .orvjtp 

ht'ic  d'tiu'bancat  gana'Had  by  Saiu'  Apoiio  l••Jr>cf1•ngy 
p0138  N73  14157 
iniratonic  oaiaciion  of  p'opagat  ng  aimoapna'ir  innck 

wava*  cautad  by  igpa-'»or..c  aircraft  pOi38N73  i4isi 

•MOCK  WAVEK 

CompulalOn  ol  pr-.a  d.n-^r.tKyoal  vfock«v<j  flow 

p0181  N7?  27301 
Comp.jialron  O*  I'anUrO-'  iriVitC'd  flow  W.l''  -n. podded 
fhock  wavat  p0182  rf72  77305 
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Ettacl  o<  tu'faoa  piataur*  Ructuationa  on  ratpon**  of 
panait  undariywyg  atiacbad  and  taoa>4tad  igrtMiiant  fapun 
dary  layart  and  tbxk  wav«a  p0292  N73  299  <0 

Survay  of  compuiaiiOnal  rraiboda  fO'  iRraa  diman»j0ral 
tc^M'AOnic  inytacKl  Row*  with  ihocAa  p01 86  N 74  22919 
A tgoray  ot  compuiationa:  nipinoOt  fO'  20  #nd  3D 
t'anwonK  Row*  With  atvocka  p0186  N74  22920 

•HOKT  HAUC  AIACAAAT 

Rai«>nai  caiculai4>n  of  dawgn  loa^  m laiation  to 
praaani  and  propotad  airwodhir^aaa 'ady>'a"^nit  affaci* 
of  timoapn««  igitKjfanca  on  aarodynamic  conftguiafon 
of  tfvort  b*ui  aKC'afi  p0O69  N74  17740 

SHORT  RANOf  SAiUtTlC  MitSliAi 

Oaaign  opiimifaton  of  SRAM  maniai  riavipaiion  and 

guidanca  p0230  N73  20706 

SHORT  TAKEOfE  AIRCRAFT 

fligM  latirng  military  tranapon  arrcrah  fO'  handling  and 
parfprmanca  m STOL  appl«cat<ona  p0026  N7  I 20060 
LiH  asrgmantaiion  dav*caa  *ff«ct  on  StOl  angmo  Rad 

1 mtarlaca  prottamt  bat  waan  arvgma  and  iicfiama 

P0026  N7I  20061 

CiR  augmantation  dav«a«  affact  on  STOl  angtrva  Pan 

2 inarmodyr^mtc  probfamt  p0026  H7l  20062 

Optimg  rvg  piopulsnra  lift  tyl.am  tor  turppian  STOL 

a-'ciaH  cony-pa*  ng  coil  atfaciwanati  p0026  N71  20063 

Acc-d*-‘  invayi^a'iOny  tl.gM  cOn|<ol  yyatamy  and 
Opa'AliOna'  a*  nidmgt  for  imptcvad  aircraft  Righl  machan 
IC» 

(AGARO  CP  76  71)  p0027  N7l  23410 

Oatign  moiAfiC4K>ny  on  yTod  takaoff  Bronco  aircraft 
ratuMing  ficm  combat  opa'a'iony  tayatp0026  N?  1 23416 
Oparaton^t  oa-'fo'dar  ca  *nd  handi-rvg  saiaiy  iaqo>'* 
manit  for  y.ngt#  ang  boundary  *aya>  coni.-oliad  aircraft 
m STOL  rnoda  p0028  N7  1 2 34  1 9 

Aogtf'a 'toi  Rap  w rvg  duelling  and  augmanior  rx>t/la  and 
tx)iy4  rtdu'.iion  for  ,at  STOl  a“cra7. 

(NASA  C6  126640)  v2i:4  N72  16698 

Analyi'i  cl  facto*!  aftaciing  l*i**ai  rJ*iact.oi<at  bandl-  g 
Qutiiirai  Cl  sirciafi  d-j  ^ng  ahon  lakaoR  Rigbi 

P0040  N72  32033 
Oavatoprram  <t  ,ai  Rap  *ot*.>*  and  appf*cation  10  haavy 
Raficoptar  ar'd  aiO'Hiatie  rotor  <)aaigntp0C48  N73  21025 
Anaiyvt  of  then  laAaoH  a-xi  lanpirig  a*rc«afi  iand>'‘g 
gcudar^ca  tytiamy  and  appircaiion  ol  #•>  traffic  conwo* 
procadurai  for  impi>nrvd  laouancir^  p0233  N73  23703 
Mainodi  fO'  avaii-aimg  and  p'ad<t>rvg  air1>#id  parto'm 
anca  ol  (g-boiat  and  wrbofan  aircraft  ppa<aimg  -n  convan 
tonal  and  ihon  lakaoR  mod*y  p00S3  N73  24044 

r.'^M  :•>■»  fu.  d*i«>* y i.ai.d*.**y  gu*i*i**»  * 'd 

<,paia(r<.!n4  charac<ari>t'c«  of  8'agvai  94 1 SIOl  a*'crafi 
p0054  N?3  27008 
P'opuima  lift  lacnnoogy  program  for  da*eiopmar^t  of 
'bod  lakaoH  ai'C'afi  propvU*on  yr*i*n-.»  and  iih  aogrvonia 
ton  dav.cai  p0066  N73  27009 

0ai<g*>  davaioprviani  .ind  avaiwaiion  o>  SwHaio  Scav 
Augmanlc'  lAmg  laaaa'Cb  4>*c<att  ul'ng  mtamally  btowr 
flap  *0'  i..’i  aggnianiaion  p00S5  N73  27010 

Oasign  davatopmam  and  ragv*'am«n|y  fo>  ihori  lahaofl 
t'an>oor7  rrciaft  fO'  military  appiicaiir^ni  gimg  ctv.i  a.-craN 

prodoClrOn  ptocadgiai  p0056  N73  2701  I 

Arvalylv  o'-  aa'Odynamic  cna'*cia>i»l<»  aHacimg  yalac 
lion  of  yboi  lakaoft  i*#nypon  a-'C<afi  P0O56  N73  270’2 
Analyy-t  oi/ayaa'ch  and  da«atopm«ni  piog-a-r-y  mvoty.'ig 
conyfruci.O'i  cf  ybo*!  lakaoH  I'anapon  aitcrah  m Garrra-*r 
P0056  N73  27013 
Aarodynamc  cba'aciaMil<i  of  f»gt>  <dt  co'^capu 
tor  applKflipn  10  commarcai  »bO'l  lakaoN  Irar^yporl 
*.'crah  p0292  N73  29908 

tha  aff*.-t  of  guyty  :nd  wir>d  ytvaar  *Or  aglom*|.c  STOl 
approach  ar'd  ■and-*'.g  armuiaion  and  R*gtit  leyt  of  R*ghi 
cn*'i'ni  yyy'y.^  <7*  •bn'*  St'C'S'I 

p0O58  N74  17730 

Oafa  '»<ju.iafT.«n*y  on  lu'tiv'anc*  *r-  tiw  na*ih  t aimoan 
hacic  ihaa-  laya'  fo*  $TOl  daygn  cmt'ia  davalcomani 
of  low  ail'iuda  guyt  rnodnl  fo'  daiarmning  imponar^a  of 
gull  pa'amaiary  on  STOl  aircraft  p«do>marv* 

P0059  N74  1 7737 

•lOE  lOOKINO  radar 

Confa'ar-iaonp-opagaiioniar'gpy  of  rnir 'owava  mfiatad 
ir>d  pbofcg'apbK;  ramoia  vaming  avtiamy  fo>  po-gtmn 
daiactipn  and  *a*  iiata  >oughnay«  m**ur<amaniy 
(AGARO  CP  90  71|  pOI?1  N72  16086 

Intarpraiation  ot  y*da  fooAing  airboma  'ad**  >mig«ry  fo' 
vagal  alion  m*pp,r>g 

(NASA  Cfl  I2646I)  P0122  N72  16092 

•IOEIO0E  REDUCTION 

Introdv'iorY  yu^vay  »o  yayvo  - 3 Co*«l  i>i  of  a-'iao-'ae 
t«3a  Obat  c*'i47  H74  13057 

Soma  a^pacik  of  na*-  arvd  f#<  angle  i»f«<oi>ay  m doutye 
r#flecio'  fnian'-ay  p0>4?  H74  13858 

Synihay  « gf  apa'iu'a  d>»lr  bg|ior-y  fo'  opt"~-'!rri  gam  wib 
no  ya  and  •niadfe/'ta  .eieclKJ*!  c0I47  H?4  13860 

SIGNAL  ANALYSIS 

Sgnal  anj.yy.y  romputa>  g*ap^Ky  fo«  igr**!  ..Ill 
yiRcatron  yyy'amy  p0154  N72  1 I20> 

Mijitipfei  cod*»g  rra’^od  fo*  ar.aly/ing  la'i-atio.v  d-yi.-ib-i 

r in  «nf  lAii* 

•lONAl  DETECTION 

Kalman  f.  ifrinq  a'go'ifbm  f.i*  *^iaci***g  co*|ift„o*y  »*a »e 

■niarfa'af  ce  figoafv  i*>  dig*ia*'  i jiecon  m j-  - ai.o'-.y 

P0i33  W73  -OZiO 

SIGNAL  OETf  CTORS 

0 giia*  e'-an-a*  fo»  ■l»iatli"g  .v  rK?e-.ve  daia  a..*  : 

yhih  hayarf  y>g*ia-i  ii  real  I me  pOi32K73  S0I96 


SUBJECT  INDEX 

•iqnal  distortion 

Cemputan/ad  timuiation  of  (roptoaphaK  araiiar  chantval 
<ji»lon>on  uting  Monia  C4do  rraihod  p01  19  Nr  1 23467 
Scananng  and  a'lfngaiicn  of  rameta  infrarad  imagirvg 
irsitumani  Signal}  during  atmospnanc  propagation 

pOl23  N72  16104 
Morua  Carlo  calCulaiiO<^  on  a 'Or  probacalil"  dtiinbulHyn 
<n  aansing  syttamt  causad  by  rairacirva  mdaa  ol  aanapd 
rr>pd<um  pOI2S  H72  16115 

•lONAl  PAOINO 

Tropoapharic  characi*riyi>ct  and  than  affacis  on  ar*clrom 
agnaiic  wava  propagai«n  and  radM>  y<gnai  irfnim.cajon 
(AGARO  CR  70  7l  PT  1|  pOI  14  N7I  21409 

Vary  higb  fraguancy  pgnai  fading  m drffraciion  scan#' 
path  propagation  p01l7  N7I  21431 

Stai'iKal  avaiuaiion  o*  fading  ceuaad  by  miarmoduiai^'’ 
•n  combnad  long  wava  broadband  propagation 
(CNET  NT  CST,  APM  ||  pOl  I 7 N7 1 2 1433 

Aimospfta>K  cucu'iiion  modal  fo'  ar'aivcng  I'OpospOanc 
wiirah*gn  liaquancy  yigna'  fadirvg  pOI  1 8 N7  1 23456 
AnalySra  of  ampi.iuda«  and  f>aguanoay  of  s>gnai  fad*ng 
m »aiaii'ta  to  ancrah  radio  imki  dua  to  muiio*anng  of 
rad«  argnait  p0i94  N72  19509 

Nonypha'iCfl  *4ind’Op  dapoia'ifaiion  of  alaci  OTfgr^nc 
wava  tn  uiuahi^  fraquer~CY  rad'O  imh  p0i40  n73  26123 
Multipath  propagaion  ar\d  pnasa  datay  ol  uiuahigh 
fraouancy  radio  wava  causad  by  almospfye'-.  dsconiu^ 
u.ly  p0l40  N73  26124 

R*||>  ailariual>on  and  multipaih  lading  m uHrahigh 
f'aouancv  >adO  r*lay  yyytamy  pOI4?  N73  26134 

Pom:  ramlatl  rata  yiaiisiicy  fo*  pted*c>  ng  uii-ah>gh 

Iragoancv  radio  p'coagai-or'  p0i4?  N73  26136 

Calculators  of  elect 'omagr^tic  wave  absorpi.cn  by  *im 
for  (reg>anc-es  dosa  to  30  GH;  p0142  N73  261  38 
Arrtp'ludc  lad.r-g  ol  y.ic.«rbgn  Iregi-e'-Cy  geoJUsonanr 
co'nmur'-caions  yaiattiie  i.gnaH  cont  dei  r>g  ai*rospna  ■ 
ral'aci'on  pOl42  N73  2613J 

Slant  path  aiionuklion  pl  uHrahigh  frapoar'-Cv  V-gr^|ls  IrQ.rn 
Sun  trackir^g  **d«riei*iy  p0l42  N73  26140 

Thonda'siorm  c'ou*:  .-eijbi  '-id  ladi-g  siai'Si'Cs  lo*  AT6 
6 uii*  .r.gh  i<agua'*:v  s g*'*'  i-a'ismif » oi  10  oaih 

pOl42  ‘173  26141 
f;iecisol  'k-r-.  4'i  aimo'-.-fa  c I*j«t-’*.*V*  on  j;.**high 
iiaqjanr.y  space  comrr.jn cairo-**  *ad'0'r-e 

y0143  .‘.73  26143 
Tropospfar.c  •nftven:#  on  me  scrae'  -ng  effevt  due  to  » 

rr^Ovnian  ndge  On  3 CHf  radio  trarymssiC'  less  due 
10  atrr-ospha>ic  rairaciiviiv  r0146  N74  13853 

8I0NAL  RROCESliNC 

Rrocassing  and  dispikv  o*  lima  vayir-g  *r>#nf/a'  r.io  ma 
iio<^  wiin  api.ii'*al>on  to  sonar  vn.c#  md  mad-'al  t qr«ais 
p0l54  N72  1 1200 
Easi  Eou'ie:  I'anc'om*  d 9*14'  p ocesso*  as  speci'un* 
ana^y/e’  4<‘d  adapiiva  fi:i»'  oOi32  N73  I0i98 

signal  reception 

Fundamamal  ccncapis  of  :omrrun.;aiOn  'heo'y  10 
mcloda  transmission  of  'onimuous  s gnais  anp  use  o* 

diac'Sia  I'm*  signa’s  p3l43  N73  32054 

SIGNAL  REDUCTION 

T’ooosoha'ic  cha'4:iai.si-ci  ar*d  than  atlacts  on  aiariiom 
agnaiic  wave  p'opigaiiO''  a>.J  rad>o  signa'  transmission 
lAGAflO  CP  70  7 > PT  1)  pOl  14  N7  1 2 1409 

Rad'O  ranacirv.ty  caicu>4i*or.s  lo'  iropoH>f'a"C  a'evaiad 
iar«'s  d-j'ing  uanshon/on  p'opagaiion  p0li6  N7i  21424 
Mfihemai'cai  modal  fO'  pan  ai  '*Raci>on  tiorr.  t-opoyp 
'•*'<  layers  m rad  n irtnshori/on  propagaion 

pOl  10  N7I  2:457 

SIGNAL  TO  NOISE  RATIOS 

Caicu'etiory  of  dff'*cl>on  aH.oeiicy  a d s-griai  lo  r-.oise 
>al«  lor  'wo  i]im*n>ior>al  and  vQliirr.*  r)  HuSe  y.gr--*  Marr 
p0l99  N72  25600 
^gnal  10  r*oi*a  tavo  pe  forma'c#  ol  opi  mum  d Qi'ai./ad 
FM  lan.odu'aio'  p0l3i  N73  10195 

Aif.'nuriiory  and  pnase  'onsia^'iy  p'opagat'O''  criiet.a  oi 
laciKai  ■ ’ Ilia  r ommufcai'ons  mob>ia  gtouryd 

l*rr.ir  pOl37  N73  1020» 

tfieci.  -I  »' SC/TuliOn  y-g'>ai  lo  ngise  ratio  and  tonir#y! 
- . wrwBla.  imag. -.g  yyStamy  padO'manca 

p024?  N73  3363' 
Maihoo  lo*  cumpa'ing  f.bolo  eie-.lrc-  . and  ptio’og*aph- 
daiactO'S  sasad  on  p *.  J i:i  d ^igria:  ir.  r«ise  'fio  > mec 

yr}a'iai  ba'-rtwidih  C024?  N73  33634 

Tha  uaa  of  la'qai  ^r-d  *'uti*.  •t#i#  lo>  d fle«e.n  .'DAittocl^ 
ot  rlis«-»,rT.  naiion  haiwa#n  targets  a'*'!  :■  wanie*;  t' 
p-ocassng  ol  ir.roha'ent  v<j«o  a*  1 co' a eni  ran*; 
Signals  p0145  N74  1 l963 

SIGNAL  TRANSMISSION 

App  C *1*0*1  ol  C'l.ip  rr'C'lwleliO"  lO  itTp  ove  e'le*!',.  ->0*'- 
ol  yjlell.la  to  air'rall  corr.-  •,''•1.  ;|ni9i  >t7?  ; 9'_  14 

Piiipigai loy*.  spe  i-*'  sniaad.-^  a 1 ie.-  i>o-. 
SC*aad--g  O*  l.igh  al|.t«.de  HF  y -jm'  tm..  .y>. *.*..•;  • 
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SIGNATURE  ANALYSIS 

Raria'  Cch.v  r.*«  y.eyy  o*  i-y  <t  ar-.maK 

;,0i44  ‘,74  1 isei 

SIGNS  ANO  SYMPTOMS 

App' ^aii'**  of  O'.. •hy*‘‘e<ati.  ••  a»  ^•  •*'  r>*  T‘t'  ii'i  i'» 
liaaln*a'.l  0l  Sfr'dro  -ea'I  ve  I'al-.  # 

:i>:-69  N7*  ?*j3o5 
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SPACECRAFT  COMMUNICATION 


tIUCON  DIOXIOC 

ptQO«ni«t  itsling  n%«INodS  O'D^ri'C  rn«in« 
cO">po«>(*t  »nd  th«  (ab'tcaiion  and  .nt«r1«<:«  p'Ob<*<T\)  o' 

baVliunt  alu/ninv^m  corripMil*  i COnf*r«r<« 

IaOaAO  CP  6^  7 I)  r-J20e  N12  12492 

prop«r1>«t  of  tilKt  '-0«r  r«infO'C«d  tpoty 
contpotn*  m#l«r\Alt  pO207  N72  12493 

LMi<««on<  m«. on  ulica  Apoty  ari  iJ-ct 
phfrtoiic  sh««l»  in  Ik)^  d f-OAd  lanh  p0207  N72  - 1 2494 

Cil«n«omai<<  mAtwjf«rr«ns  of  ««4HC  rnodufui  on 

f«t<o  f4M'  cerripcail*  p02C7  N72  12495 

bn««i  nonl<n««r  iu»is  cb»>*ci«rrtl>ci  of  ApOl* 
con%po»iit  materials  pO207  N>2  12496 

f>kOO>«lical  aitd  «apAnm«Aial  d«'e>min«iion  of  •■•11k: 
contianls  m silica  nnOsy  cOfDppsria  mata"ais 

p0207  N72  12497 
TampoialuiA  ano  'o*t  v>«niatic  > a Noels  on  mocrvjn<ai 
bofiavior  of  adicon  O *P0^1  ■.-:mpoS'ta  maienais 

p0207  N72  12499 

SIMULATION 

^muiatad  crasn  tasu  to  «s^ait  li-a  losisianca  of  anc-afl 
Kiats  coniainmp  posymaoc  Add-'ivas  p02S4  N72  Ii692 
Ouidao  tNd  apparatus  for  S>rr.urai>On  of  automobiia 
coll.sions  p0l03  N72  19I52 

Unaa'  ar^  ar^puli'  BCCAta>a(>on  it'minoioov  human 
accataiai'on  sirT\uiai>on  a>ipian#  arbap  resi'amt  sysiams. 
ano  malhatT^at<al  moOais  of  auiomoPna  cash  loads 

p0lQ3  N72  19156 
S•■mglal>or^  of  (lontai  cOilrs:Or-t  anO  tniuitas  Susia-naO  tiy 
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pO079  N73  2 >096 
Haihith  i-x-oiing  o'*  hj^an  o«vgen  con^-jxp^  ^n 

I'.rg  phys  ca:  ii  «>4  and  lat*  dn»"-g  atx'  i> 


pOOai  N 73  7 1 ; ' 9 

STAESS  (PSTCH01-O0V) 

S:c*4Mi4  and  adapiai  on  p'obian-4  asXK-aiad  <**ih  'a  g« 
v;ai*  long  rang*  >ap<.  («a<i'on  iirra  a4'<ai  i dop  d«o:oY 
pO069  N7  I 20300 
rr-mbinod  *l«i»44  *H*<M  >n  hyman  con-.muO'Cai'On  jnd 
“ni  on  kn*ys  Nodv'*am«*  4 pO  '04  N 7 3 1 9 ' 44 

Ch-ai*cl4''»1  C4  Of  hl4  41  *44  in  a OOpu'81  on  of  m-i.ia'i 

a,.aio'»  pOOee  N74  10707 

In  High!  pyyc"-ic  loid  lO  4*yd*‘‘i  pJoi4  Avaiuaitd  Ov 
m*an»  Of  V4nil  Mand«' i Add  -.VAfA-  ch4r.g*4  .i‘  ui-ti'i 

a.daiion  pOC89  N74  18790 

STAtSS  ANALYSIS 

H«*t  ifansf#'  ing  ir*’mai  M<e54  ca-cu  ai-ons  <o--  qii 

iu>b-n«  ipto-'  Wad*  d*4i9o  p026l  N7l  l740' 

Tfia'ma'  4i'«44  a d 'O'*  cy'^'t  *ai  9v*  ab‘‘  iv  anai»4«4 
Oft  high  i«ft»p*'a!uf*  41  vciu'ai  xachr.*  mjiaiiais 


p0?61  N7  1 17403 
$|(444irg  *y4l*'ni  a^d  an^i'0''‘Ti<ri8'  ma»"io04  "VOO  by 


fj'opoan  fftdaial.on  si'ess  co'^os-cn  trsu 

p02B9  M72  21904 
Smooih  b«am  and  p-’»-'8*.ii«d  4Pfdfft«n  i«»nftg  of  4i<«44 
b*hav>oi  ol  aiumnum  ai'^ys  pO?80  N7?  2 1920 

Aiiaiy4<4  of  a-'daN  4t'uc(u<ai  loads  .>«'*<  ona:  n ghi 
10  d*i*'n‘‘na  *ii*ci4  of  piioi  padc  niai- ;a  and  ai-cfafi 
cfta<aci«'i4i'<i 

lAGARO  R 6081  p0059  N73  2709S 

Aft#iy*'4  O'  *n*ti  ol  daniy  "g  o-'  ■a»an#  *a  w?  .:C 

10  ai-OuK'C  ••ciiH'on  and  »ip*nfT*niai  meiTKKi  fo-  dal# 
i.Ximng  damping  to*f*'d*ni5  pO?93  N’3  29917 

Anaiyyiy  of  piogiamy  fo«  acoud":  :**i'ng  ot  .-or.'posii* 
maiacal  compon«n»»  and  d«y#lopmftni  gf  [hoO'y  fO' 

p«*diClinq  naiofl  f»*Qu#nc>*4  mod*  *h#P«»  *nd  *l'*44«* 
ift  composil*  ptn*i»  p0293  N73  29910 

D#»*iopm*ni  of  laiKjnai  anaiyi  « ihvoiY  *0'  a'’alT7'ng 
fai  gu*  of  ai'f'fma*  batad  or  ir\*fiiTiufr.  si>«y4l-«ld 
pa  amaiai  and  naitmrjn'  load  aicu'sion  'ai  o 

p029S  N73  2993' 
0*y**opmai'i  o<  p'ocedu'*  fo'  «4|iit8I''u  fai'^  j**  ''•*  o* 

ii'f>am*«  lo  aiin>n*t*  ••■on  cau**d  l/v  n^gjetiT.g  aH*ci 
o<  v'«49  'adi»i>-t>uiion  aha>  i<Kaiiz*d  yid'drg 

p029b  N73  29933 
AnafO'4  of  anO'i  -n  tllifl-J*  p'*d'<l'On  p-ocadmas 
and  mathod*  fO'  imp»ovng  a:iu'a<>  of  p'adici>or.  ani>,yi^ 
vOlih  xn  J9901 
Acouiiic  fii-qii*  davgn  data  pai  3 dai-q-'  c'liana 
lo*  a"Cfah  4l'uciu'a'  «'oman|s  lo  <aduca  *H#-is  of  a;cu4i>c 
ii'ass 

lACiAPDOGRAPM  l6?  PT  3|  p0293  N74  '9690 

SrACSS  COAAOSfON 

Sianda'd'yai.or>  of  i#»i  p-ocaduias  to»  a«ia»miri'g  yi(*»4 
o"own  cackifg  in  h gh  si'angih  aiioy4  and  4ia*!4  u'-da' 

»a''Ou4  ar.vi'on-nanll  iOnfa'*ft<* 

lAOAftJ  cr  35-,  *i’7  J-a'V. 

Soa«4  £0-'04ion  C. lacking  in  f »C'*H  Si /u C I u ' aS  8f  3 *!»  O j4 

maia.'-it  huir,  c#l  'fty  »w  p026S  N72  2'901 

Siaft<Ja-d'iai-cn  of  («4i  ^^*l^ort4  fo-  it-esy  cn»'o4o'»  m 
rr.aiaii  pO20S  N7?  2l90? 


r>f  T%%% 


#i  h'gh 


AQpi<ai'OA  of  hnaai  aiaaK  i«actu<*  mechanic*  to 
davaioping  ibaras  cO-"DIiOa  c>a<k>ng  laai  »ianda>d4 
(NASA  TM  X 663031  p0266  N72  21905 

Oaiainninaiioo  of  a(<444  co:fos<on  c*Ac4>ng  pa-am*(t<t 
for  300V  11*41  PO200  N72  2 <906 

Cffacta  of  r*paa4ry*m>n  and  crack  wOfOC'ly  OA  alrait 
co»»ovon  c'achjhg  *n  aBoy*  pO20fl  N72  21907 

Suais  co'rosion  md**  fo*  cOAfOt.M  action 

baiutaan  4i  at5  ar'<j  conotiOA  >n  siias*  co'ioJiOa  q(  Ai 
«.kjy»  p02A6  N72  21908 

M<ioal«<lioC^4  fo'  rraasuiiAgoh  grad**nli  during  atrats 
cOxovon  of  aKtiTungm  alloys  ar>d  1020  tt«ai  CBposad  lo 
poi-ssiumct  or-d*  p0286  N72  21909 

MioOsbuCtu'*  *n<7  '■l>*»a  co<iOM4n  tMha«ior  of  w>aid*d 

I'aai  K«nii  P0266  N72  2l9lO 

CanMavei  band  ryg  t»Vs  fO>  <Mia'm.r.iryg  «u4C*plibiliry  of 
high  sl'angih  aHayy  lo  siiaaa  coi'ocion  ci*ck>ng 

o0267  N72  21911 
Sir  *4*  coiiQvon  ia*i4  of  iiiaA>um  alley*  arsdaiaciion  baa^- 
waidod  blinigm  *»oyi  p0287  N72  2l9'2 

ThrathOld  4lf*4»  intarjily  valgat  and  crac*  piopagation 
laiat  fc*  4*'esi  co'io4*on  _f  hiq*s  yiiaogih  siaait  h-  aqv«0'j« 

•rviionma-M  p0297  N72  21913 

LabOia'A'V  «Qoip-f»*ni  fo*  tailing  iua*t  vd^oton  Ol  bn*- 
loaded  VyOL  a^ac-man-s  and  mcniioi.ng  track  g-oy»ih 

p0287  N72  24914 
X«*hl  rrCKj*!  to-  dalarmn.ng  4uM*pl't«My  of  2n  Mg  Cu 
afurmnum  adoy'  to  iMass  CO-io*»oa  c*ack  giomHh 

pO207  N72  21915 
P.aciackad  c*niii*va<  baam.  an^tong  taim  b**rh  «tpc»u'a 
1*414  *Of  d*l«im-'-*'-g  4b*4S  C0"04ki'*  of  A»  ai«e>y»  *n  »oa 

y.*,e-  OO20A  '*72  2l949 

S’r*«4  <ci»o4«oi»  :»  imo  aigrhi-.wh  a'-oy* 

pO208  N72  21921 
Sii«i4  corronon  baha»o*  oi  di*  >oigmg4  mad*  iiom 
Ai  ?n  Mg  Cw  ai'cyi  p0268  N72  2*922 

(Hacis  of  haat  i«*a'r^*nt  i>ra  tisaciman  t*p*  ar-.q  last 
*nyi-0‘‘man.i  on  Iiao  p-ac  piiat  on  haiC*r»ad  4ia'n’*44  4C**l4 
Juii.--g  4lra44  CO»I04*C-A  v-'ACil  ng  14114  p0288  N7?  2l923 
M'C  OKOPC  atl«i'4IK4  of  H-ail  COi'OliOn  cracki'g 
1 4i««i  »»-'h  high  , *:d  sda-'gi*'  pO209  N72  2l925 
KOI  iaii  »’«ai*  ;5-'JMon  t*ack  ng  nl  biariwm  a'fOf  i oi«d 
• 4 lad'aiiv*  haai  'hiaidi  ia  jpac*  4huin*i 
(NASA  TM  X 603O4I  0209  N72  21926 

Si'am  '••*  arp*<im#n.i4  to  ayaiuai  rruvanca  to  »u*44 
coKOl'On  cr*ckinq  pO209  N72  21927 

T*chno-v*4  for  i'udy-ng  crack  '‘•O  p’iOiogy  coniaminanii 

and  «l*ci*o:rar^- 4ii»  41*444  vO«'o*on 

Pk/209  H72  21928 
Influanc*  of  lh*-A-or*-a;hanica»  ircalmant  on  4l**44 
co*--o4ion  iiackir^g  i.n  4**ai  pO209  N72  2 1930 

M*cnan-:ii  o'oti*rtiai  and  4*ra44  coi'Osior**  of  hot  ro*i*<) 

I K*  PUIIl  P0299  N72  J1931 

$umma  > of  ;onfa<«n<#  on  sitasi  cv  <0»«n  lasin-.g 
n.*«hOd4 

(aGARO  AR  52)  P0292  N73  1893) 

STAE9S  CYCLES 

Sun,av  'Ad  anaiyi>4  of  iita-ai-^'a  on  faiigua  daMtg* 
ac*  <m jia'ior*.  a.'ctafi  m*ia-ia'4  and  si'ucio'as 

(aGARO  AG  t57(  p0290  n72  22910 

STRCSS  MEASUAEMCNT 

tr'Or  40a.-*C*4  al*4C  C 4l'*4l  fra#lurtmani4  On  t-b*' 
•«  nfo.-*d  <o«np04*i«  iratar.ati  p0207  n72  12490 

S(r*44  coimsion  mdat  to*  maasunrig  co*|Oic»i  icf-on 

b«ivy«*n  situis  ar<J  CO'i04iOft  Ift  4lra41  <0'‘o»'On  o'  At 
aijo,4  PO206  N72  2 1900 

M*«s«ir«4  to  d«'a--m  <-*  p4><hophT4ioiog*cai  laaciions  of 

•n-i/ijry  ^•gA^  c**»y4  :o  fi»  ''9  suaii  p0l05  N73  19)40 
STRESS  RELAXATION 

Rofa  of  ■vo«h*i.-rai  4i'«4**i  gan*ialad  d-j''og  o«idabOn 
ar*}  r~oda'  nl  s’.'ess  raiaBal^c  p02O2  N73  23605 

STRESS  STAAfN  OtAORAMS 

A».#i  ia-'4ion  lasiy  to»  vnass  »i'a*'»  ‘an*ni--**  ol  maixi 
and  ra-nfo-eng  f'ba-4  •*>  giaa*  apo*y  i#4in  compo*>ia» 

P0207  h12  I25CO 
Sl'*4t  »*'#*n  f*ligu4  rratharijiTu  ©I  b*ry1lium  f*'nlO'C*d 
•■urninir-n  (ompctiivf  havir>g  'o-jgh  o'  imooih  |••'tacr» 

p0208  N72  12504 

STRESS  STRAIN  TtMC  RELATIONS 

Tharmai  4tr**i  ar>d  cyti*  laiigua  i*i*ab.iiiy  anaty'*4 
on  h gh  tampa<aii;*e  Hlr«j^lvi#l  machma  maf*Mal* 

p026'  N7  I 1 7403 

El*(t'iCal  co'do'ianr a mtasu^amyrits  fo?  d*ta«xin*rg 
4iras4  »na  ->  I n't  * *a  o'  g'aii  ••ba*  lo  »*4»n  •r'i*rtac*ai  bond 
m rarn'o-rad  (HaHn  maiana'i  aircMvd  lu  artiar 

pO;G0  N72  12505 


St>a4»*ng  4y4l*m4  »'-d  #ft 
Cu'ooa«n  Fadarai'on  4i--4i»  c 


pO?85  N'2  21903 
•O-'T'-rla'  n-*;.'>od'-  '4*^  by 

(04iOn  1*414 

p0785  N72  2-904 


STRESrES 

3I-*44  *H*ct»  of  iax-Pv  *lir*  *nd  aM'luda  on  h-jrnan 
0#,fo*m#nti.  D0069N71  20363 

Mo->el4  to-  deiai'i  ri  y l*iij-*  mod*4  a'**  »«*ai4  i.x.ib 

of  spa; at'* ft  9‘  ^nl  pOI 90  N7'  35702 

STRUCTURAL  A . /SfS 

A44ai»'nen|  pi  ^rwci-j-al  dai  gn  ph.*040*>hr  in  comtar-ir-g 
conip-2t«-ijed  4l'-JClir‘al  #r.*ly*i:  «*rilh  m aiham #ln.a' 

p-og'ammng  pO203  N?1  20130 

Ana  f4i4  o*  •ccuJii'T  'angua  '’fa  o*  •l•uc^^•'a•  4ub,actad 
lo  prt  ro.»«  a-vj  apo'icai  o * to  .laugn  ol  aii'-ialt  *«ru:ij-e4 
Rim  1 

(AGARO  AG  162  PT  i|  p0290  N72  29093 

P'oc*ading4  0*  -or-lr  e~c#  m aco-iiK  faiig*#*  lo  •hO'^ 
tHacn.  of  aarody-am-r  'o*d4  'atporisa  ol  4«*uciu.-*^ 
4Kuciu<ai  da»ign  a'*d  *ai  g-ra  sail  mathod* 

(AGARD  f.P  1 >31  p0297  N73  29905 


Anal/»<4  of  Oyft*m»ci  ol  niffan*d  pl*ia»  u»;ng  f n-l« 
alamani  rnoda'-^g  o'  Rai  ^nd  cynrad  si'ffan*d  panaiy 

p0293  N73  2991  i 
i'a<*4*4  of  'aaporiM  and  faiigj*  chi'acic'-si'cs  of  « •> 
alloy  <ni*gially  rnacf.in*d  plinfct  w-lh  *mpfia4i4  on  acouDK 
fa'X)iiR  piop*n»**  p029'l  N73  299'2 

AnaKyNl  of  4trucli;'*i  '**b0O4e  lo  acouMK  loading  and 
P'ai>*'ai'on  of  d*i*  »ha*i»  for  wa«ou4  condiiioni  ol  aco-jkiic 
I=*c>  P0293  N73  29914 

St'uciuiai  >*4ponia  and  arduianc*  i*4i4  of  ai'c>*fi 
4:nxiu'il  compon*nli  to  dafaimma  alfaci  of  criiKtl 
anyiionmani  on  acouii'c  faiigu*  P0294  N73  29920 

Acoukl'C  fatigua  i*«i4  of  aluminum  anoy  »i'uc(ur«i 
alamantt  undar  n#novy  baf%d  ranOpm  loading  wih  ’*ro 
maan  i«  an  ift  lAm  o0294  N73  29921 

Or.*ioom«fti  of  fat'Qu*  Kf*  p»*dK:i»on  pnsc*dui*»  ba»*d 
On  ih***u'*<J  4ir**i  lilh*  hinori*!  And  m4lh*m*t<*l  rnOdal 
for  d*v:'»plior'  O*  r#ndcm  y>b(*|.ona  p0294  N73  29926 
Application  of  high  sirfngtn  iiruciutai  maivnai*  to' 
a*<04pac*  yeiitcia*  and  u*a  of  fraciui*  co"t'Oi  proc*du'*i 
•m-.ovad  damaga  ipleiarica  p0294  N73  29928 

A,-ipi.i  aiioi*  of  gio*k!h  f»t*  data  ard  anaiyix  J*  f#ia-d*t«n 
rrod*  4 (Of  piadicbr.g  dac*  grthAlh  lender  ylnable  arr-pf'iuda 
loodir-g  P0295  N73  2993? 

0*v«i')pmani  ol  p'Or.adj-a  fo-  asi'rttat'ng  fangu*  n<*  o' 
a rfrartie*  *o  e:-m.naia  eoori  cauiad  by  nagiacpng  affact 
ol  si'*4t  ia«J  M'lhuiion  afi*'  loca!  iad  vialdmg 

P0295  N73  29933 
d*4  gn  of  con  oaiitv*  tHi,-:!-j/a4p0297  N74  15606 
A:ui-c#iiO"  of  a da*  gn  anaiy*  v sy'iam  lo  a vp*c#  shuni* 
p'*rin«irar>  daiiQn  p0298  N74  i56'3 

SThUCTURAL  DESIGN 

Haai  I'anifai  p>*d  ci>on  ior  lu'btna  btad*  datigr- 

p0257  N7  1 1 7374 
£lf.ci#r>cy  of  iir  cooiing  bfada  <j**ign  lor  Olympus  593 
gi4 'uilnna  *ng-r»*  p025-  N7  1 l 7376 

Boundary  'a,#'  opi'm*»a' on  foi  4m#l(  lu'tT'na  biada  daugn 
yv»lh  cusoad  UAiliryg  aOg*  p025B  N7  I 1 7380 

H*ai  irar'.l*!  and  Ihe-n-ji  s’  e»*  catco  a*  0n>  *0'  9»* 

luiOfte  rr>lO-  bi*d*  dat.gri  t0261  N7I  i74Q1 

MathAmat  cli  progiamning  lachniQuas  appfiad  io 
aa'osr  *i'uci'-'#i  d*vgn  a’gc  'uhmic  tool*  appf'cai  oct* 

ar>d  l•!a.-*lu■»  ■rtia'iN 

(AOARO  AG  149  7'|  p0283  N71  20128 

6*4<c  corcapi*  o*  maihamaical  p'Og'amrr.ng  appf**d 

...  «>>...r>.-ai  rl  a#  nco**»  yohi-ias 

’ ' ' f>0?83  N7)  20129 

0*vign  opiimgaticn  o'  aa'Oipac*  4iiu>.-iwie4  mad*  of 

eia»i*i.  p*rl*ri  y piasi't  maiai-a  4 pO203N7'  20131 

Maihamaiical  p-og-ammi-g  apo'<4i'On*  to  »i'uClu'#i 

oavgn  opiirr-i/a'ior  l•'a  aiu'* p0283  N^i  2Ci32 
Compui*'  p'ogia'i’-t  fc-  optimum  least  w*.gh.  d*»ign 
of  compiat  *'a»(c  ao-ospeca  si  icto*** 

pO200  n7I  20'26 

OpiiiT  jm  4lii;ciu'»l  d*S‘gn  •‘‘d  r*li*b''  ly  BnalyS'S 

PO204  n7)  20158 
f ly.ng  *ai*ly  )*ct0'4  ift  ti04*  to  g-pund  op*'*liOh*l  OBVtgft 
of  XH  51  hei-copia'  p0030  n7I  23430 

CoTp*>>4«n  Of  pado-n-arct  piad'CI  Oft*  *rd  8>ghi  dat* 
foi  Opt>m  iiT.a  I'lr.  nc  «ird  Ivrngi  dx.ign 

plX)14  S72  11071 
Tiar-soft-c  yyiOd  l-Jfir*'  design  for  rrofi*l  lett'isg  #1  hgit 
RaWiidS  rtunipai  C&0I6N72  1807 

Opi'mai,ty  cxtat.a  .n  it«<ir.tu'*i  da»'gn  w ih  aopi  ca-on 
IO  sand-AMCh  s'luctu'Bi  so'  dsaci  on*  and  ihraaa'fhans'Onai 
bodies 

(aGARO  R 589  7l|  p0O34  N?2  i595B 

Dasgn  ar.G  a*'oc7r  nam  •'  pado'rr-arce  of  ciamsh©!!  i a 'gat 
Ih.u4i.ava.4a.  p0284  N72  I&895 

Bxvtynarrirs  pi  Spoil  .<i|j-ii4  BPpi-ed  to  4poci4  aou.p 
man,  d*4.gn  p0099  N 7 ? t 9 1 28 

?*cond  Sympo4  'Jm  O'*  Siiuvtu'*l  Opt'fb'fei.un 
(aGaHO  CP  i23(  d0295  .s:7«  15596 

Surwty  of  in#  tial*  0<  |h#  ad  Of  op1i.x.<at«On  IKhrology 
y,.ih,n  NATO  C0unt'.*v  p0296  n74  15598 

Apr*  cBi'On  of  ogiima'iiy  c'li#*'*  tpp'oachas  to  auiomaian 
davgn  o'  1*  9*  pr*cl<#i  4i'uciw'*s  p0296  N74  1 5599 
Rarani  drva'ovA'enri  .r>  ih«  C#va  opt.m.raiion  p'ogiafr 
u4irtg  ma.hamat'ca'  pfog-axm  ng  approach 

p0296  n74  15600 

Sbuciu'*'  d**rgn  appi.c|iio<‘4  of  geomai.'c  p.og.amm 
p0296  N74  '5601 
I.'*  opt-i'isa.ion  of  iificai'v  indaia.minata  Hfnciu-as 
try  ryiaam  O*  4pOfO»'maia  gaomainc  p.og.amming 

o029C  N74  *5602 
ApplicaiiOh  ol  d *c.  r ..la  a f-u'ciion  la-hriq  ,a  'O  random 
saa.ch  in  no-f..r.aa  co-*»i.anad  it.jtiu.ai  opiimi/aion 
p-oorami  P0296  N74  55603 

Ihiege'  O og-arrm  ng  algonthms  (u  opi'ff  .m  si-«*'.5u  “' 
<j,vgn  i:0296  N74  I56‘j4 
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SYNTHETir  fibers 

Ph.S'r.a*  rnf;ha'.  S,  itnipailies  nf  In  j’l  vl'eigih 

hryh  *rO'1..'i.S  '0  “l«>l<iirg  I ba>  . 'nd  0 gi  res-  r CO^-piJ  ilf 
'•ax. as  r.0210  N73 

Oes-gi  of  iria-ra  'la-f  •.•.-n>pcs.i»  n *i.  #k  (-,i  accii  ‘ a'<i- 
to  <c‘st*ui.irr'*  o'  ai'f'an-»\  #-  d spa-.e  r^i|  I'l^.-.iutes 

;;C2  10  •,  *1  c 74  79 

ffi-r  a 8-a'»Yi-  'I  htie'  #■  ify  • e-l  ' on  i»  vta 

any  r r acx  i.-j  d-'.lyli.  i.a  ai  a-y.  1 I n.Ar  •’r-r-  sl'Ai 
*s  of  f*  . . a ;r02  13  S73  2 7600 

SYSTEM  EFffCTlVENESS 

•/#■  > ,t-  ;J  (,•,»<.,  r.r  rfr.ed 

eniAi  '.a- I*  1.'31I1N7*'  19S29 

SYSTEM  FAflURES 

B ».«•  -Vja  >1  a .l..^•'al  p o:-,  ■ a • viah  i Mi-m 

- . . c ,.lx  s I.C03  * N7?  1 ly  »H 

jj.i-  spAi  • ''ev  '•  'ji.....-..:  1 y-;.:* 

f 1 dai  rr  a-d  • r.i'l'>  A'O-.'- 

•..'>5^,6  ».;?  7 1 ?;-o 

t ,1  1-  -tx  • • • t,.-. , \ r . - I I*  . .ir  ■■■-r-jra'*  1 "#»>«•> I rn- 

s .via*'-  *r»  r ■ q Y a’rii*  ' iix • ••  j i 'I? 3 * 7<  7 1 70  ’ l ? 


SYSTEMS 


pv?31  N73  20713 


(.019:)  ‘;7  1 16796 


SYSTEMS  ANALYSIS 

••  J'r  tr,:  S - ’ l l -'4"  I • WPir-  I p. 


I ' a-'nl 

C-l'i  N7  1 '9  3h9 


!,  !i  » 1 ’I  / • -9S?9 


;.-X>r=.  N/1  19|8  ‘ 


A ti  ^s» 

e-i*  I I . ,,»i- 


Ma-  ..  1.  ..I  ' el  • 


-i 


SYSTEMS  ENGINEERING 


suBjecT  i.\oex 


Su^VSY  of  ••'OSpSCS  «ndutliv  «0  v«'>Ous 

tSChntqy««  u**<3  C0Y>5O«''nfl  o'  h#/'<j<nY 

qut'ili«t  StsOilitv  cooitoi  lO«d  «K*vilt)Ori  dvvtcei 

ttivciu««i  >o«id« 

lAGAWO  R 593)  oOOAON?"  llOJO 

TifMOl  «nd  fylyf*  ''♦•d  fo'  high  R*vnoi*  , numbs/ 
lisnsonic  YY'ftd  tunn#(s  'nclyOihg  snsiyus  of  <*  *»g/'  >•(•£• 'On 
•«0  l•Qu''•'Y*•ols  0^'  ^3  N73  26?d2 

Th«  uM  Of  RCS  d»f»  *0'  'td*f  I-  (>**«gn 

pO'4^  N74  U956 
f'tods  lowsrdt  ttsndsrdutd  v'  (Mars  fiYO  ha>d«>a<a  fo> 
l*»l  $yst»/’‘s  on  (HOC  ss  co/tyouIS*  «*iih  miarfacs 

uft'l  %r*(3  input  • oytpol  ps'ph  ./*ls  p0236  N7A  t435l 

Tschmcsl  #od  opSiaiRan  •'  «»OOCI»  of  SSl*--n*r,  mooniso 
•■ic>srt  aquipmsm  p0305  N74  2l6>4 

$YSTfM$  INOmCC^  40 

•n.iySil  ot  •StimariOO  lesis  •'••d  *V»t*Tn 
ops/.t.ng  da.s  pOlMNlt  36776 

LwAsr  mp<h  ♦ 0***fln  IsChAipuSs  <&/  SySiam  <ti>ab>f'iv 

pOl90  N71  36761 
T#chn- 4us$  fO'  o*i«"nining  sysiorh  i»o  aouipmam 
/•f'aOi' .r '•qui'to'AOtS  P0190H7'  36783 

0>0»»'-Onal  COn»id«»»tiOns  in«J  SySie'^^  ftnabiMy  Ot/ 

^ ..iry  usa.  P0190  S71  36788 

Ops»»i'0«‘«i  /Issc/p'on  Ot  t<»o  d.lff«'‘i  fy»i«ms  tc*« 

auiorn*!.'  &p«ah«i  n'og/'i'On  pO'5'  N72  llOg 

Anslylicsl  melhO'ty  >0'  «•'!»  sia®®  deiSCliOn  ot  o>i 
OSi«'<oi4liOn  injiiciShengmss  p0254N72  1*688 

^••slb'*  *■•  ugnTaniitior.  sytiam  lo  ytitiX*  inc«****d 
p«rio>manca  o*  /Y-od*'n  r»#f‘'.ooia'*  oO033  N?2  1*937 

Th*n»v  and  npa/iCiOA  ot  p oposad  hal-- opia-  itR  ft'^hi 
pSih  coni '01  sy  iiam  o003  3 N 7 2 1 1 9 J3 

A'“4lys-%  ot  op«/*i'C'«i  4-- d (•a^b'l  'y  cf 

sysum  Ic  p'tcite  itR  roKo:*'  ho*«'iiq 

pO033  N72  1 I9J4 
Oavgn  dpYa'oo/^'ant  and  cha*actf/‘M  o'  loiac'.Ti 
/run  canon  imks  uvng  mEUOS  ipJ'.*  p-oba  as  rslmfie 

p0i94  S72  I'jSOe 
AOvaniagas  aid  disadran-agt j ot  toda-aiad  and  i-nay- 
Ei»d  To/npytt'  »>  sir/r.  o gt  "'f  at'O'-S  tO'  ui't-xai  on  n;  •,o«»fn| 

aa'osoacr  pO'^5  2*?*3 

Ooti/ni/  ng  imaa'  ♦»iia-‘n  aga  nsl  guad'ai  c cotl  Ignct  C-» 
aid  appi  /aiion  lo  gu'dan:a  a.i<i  jonuoi  >i«-'  i ••  !»<%•.»• 

-ai  cO?25  N72  27685 

Oevaioo*nani  ct  ai'hO'*-d  tt'jbi  data  a^du  v-ujo  and  dua 

p'Octii'f  J sy-ilR/rs 

|A0AR0  1S5C|  pO'95  N73  10450 

Oas-gn  o<  a'‘':<»h  f'  3*'*  isi/<i/r«ntsi  on 

pOI95  N73  1045« 

Oasiqnv  iu1  04-1')'  >anca  o'ad'Ci-ony  <.i-  ngn  oadom 
jf-'*  tvP0'«n«f  *,sc’-'!'  STSlan-.i 

UGAROOGRaPh  163) 

Sf.T-an.y  ;.ciai /Tfihodi  to-  Jafg 
app  -ll.ons  pO'-83  MJ3  17792 

Chaia'’i»‘'ti-t  % d'  pen#'  g#  '#'ai'n-j  iYii*'r.i  a-d  app^  .a 
l-On  in  IT  YtiOY  lo  P'OduCliO'"  ot  hyd'li'":  an/1  «la<'*>c 
&006S  S73  19044 
Of<-jn  p ii.v  p'«s  Ot  a-jiil  J Y pwvYa'  unis  0*  sfconda'y 
nor.#'  nyS(«/»i  fo/  oc#  8t  on  of  a-'f'ah  ' d'l  p.T.#/'l 

t.0065  N73  19046 

O^i.yi-  a-d  ha'#-/<» m-cY  nf  au<‘>'#'«  pnne-  Vvv</#  to 
oyr  .tia  »l#  !•■'  i’»d  n:,|.',  a*  ''  P' ry/na'  NubVt 'I#'"'-  • ' 
f|-t  cnA»'#d  a«*OSr,y.a  va'ic  as  PC"765  *<71  19^48 

C^sg/-  a*d  ';-o«'afO'>a'  irn.icai  ot  s/-'a:i  data  cen.-a-s 


£,0183  N73  17  240 
•g  •I'do  ■'  Y# 


to  I 


4<.4R0  I ■ /( 

Oesig-  a il  o;ie«a’  C" 


M a.ia  i<»  ■'10“ 


0*vg'  r gii  wen  -j  ‘ j-  m 
f Y i“jj'ospti#  e I'A- 


iTf  asu<n/*'rn(\ 

cn  • 


T TAIC  SUAEACE  5 
h-,i-  tt  . ji  a -yif' 

III'  J ‘t  T 


pG'58  N»  3 24?0» 
"ilS'/rar  >n 

pOt  a 4^3  24702 

7r.0'op'‘/  iii'i'/nji  - 
pO*59  *<  73  24:.>9 


0<g>iai  <o/npu»*/a  lo'  /«av*flai'0«  gy*danc# 
axNj  tut  cont/cN  ‘d  ia<t.cai  a</c/a6 

p0157  N72  21227 

TACTIC* 

MaliCOpi#'  t1,ghi  p4<4o</nan<«  -n  iaci*<a<  an*i*OniT>a/.i 

p0O46  H73  2 1009 
0D«r4i«0Aai  pa/A>i/nanca  Ka>«;o0ia<a  m E/anch  Aimy 
p0O4S  N73  3107  1 

TAIL  AtUMtUC* 

A^ainod  to?  calculating  nuua.-  oaing  inc#/f«<a/Ka  aa'oCv 
namic  tOfcaa  bafwaa/»  »-ng  and  la'i  p0009  N7  1 29345 
RalatiOn  b#(yya«n  m#asur*d  C C vodcat  acc#’#‘aiiQ/>4 
a/td  toads  at  7 «j  i ni  /naiia/y  a><c>ati  p029i  N7  3 169>4 
TAIL  AUAEACC* 

Numt'icai  anait***  of  dOM»nwash  iiiia/iaianca  on  mingy 

Ot  mssiia  tail*  p0002 -N7I  7 9360 

Co/npuit/  p/og/ams  to*  •vaiuating  sutrsonc  fto'^  ova 
«v>ng  ia4  »*tn^  Yviiis  lo*d*d  I'P:  7 tails  and  ciuc*io‘nitsa 
sudacas  P0009NM  2934  1 

tarioee 

Anaiyi.s  olpioi'adu'Al  an^  p-Otv'ams  in.inCi'vad  •/!  cp«’ai  ng 

!vai*copta*i  f o-T»  /la^as  ot  ships  p0046  K7  3 2 1 0 - O 

Matnoat  to  E«aiuai*'g  a«‘d  p-adici-ng  r«i-a-d  pr  *o  i" 
a<v;«  ot  iu  boiti  a^J  tu  boian  aiicati  opa/a»-n.g  lO  cocv#' 
to  at  a'-d  shod  lakaott  jdms  p0053  N73  24044 

hluma  ma'  analys-s  o'  a c/«t!  lakantf  paHo/'nanc#  basrd 
on  phas«s  o«  lakaofi  a/.c  *o«cas  «*«nad  on  ai<i:>ah  as  bo-s 
fo^  a-.. /all  da.ig/-  p0053  >a?3  24051 

TAKEOfE  RUNS 

R-op#ni#s  ot  a:  mospra-  i i«j*b  i‘En  - ^ ji  ipm  altifodat  a~d 
«M*'i  on  a 'C»a*i  d-  mg  a-d-ng  apoioach  a'd  ta*#o«i 

p0039  N7?  33030 
Analysis  Ol  laefo/s  afecimg  'aia  #'  d-‘a<tonai  hjndi.'^g 
0'»at-i‘«s  ol  a-'c-alt  du-  /-g  taiaoH  h.ghi 

p0040  747?  33033 
A <a-vS'S  ol  »a:oc.iy  (!-oM«s  •-»  bounda/>  'ay#'  p'oducro 
&y  incoi^p'OSS  b««  t'OrY  Iv-ing  lahaoN  p004  I N73  1500' 
TANDEM  WINCAIRCRAET 

Wmg  inia/taiai  ce  'itt  • na  lait-t*  si-i-u'atio/i  and  apo^  :a 
ton  to  a«-odf‘-a-'‘U  on  iand«m  •r  -gs  -n  ..nslaad. 

pOOO0  N7  1 29336 
6u«  toMyi.aiiu*’  mall  vJiu*  sai.v'anny  a^-udynan-*'.  toad> 
on  'a  <W/n  de  ia  r»  ngs  m.lh  CVil'ai  ons  n SuP#<1oni; 
tto^  p0008  N71  29337 

TARE  RCCOROER* 

0#v#tdp/hani  and  cha«aci«»'sncs  ot  data  sio'ao#  #0u  D 
irmnt  lo»  iis#  on  sm#!-  s*  ent.'.c  spacec/aH 

pv'i93  •*'  t • J jvi 
w*»a  cr»a/-  a oo»iaotatapa«a>  o*dmg  sysia-nio-  tony  ia*t‘ 

ECO  /avydi-go'  iiymg  pe  wni.ai  p0073  N72  25051 
A'  atOy  /or-.p.'ia-  II  ug-a**>  Ic-  a«ia'.s  s oi  a»i#'^d»3 
ala<.’«o<a-'1  og-aph  < ir.-  to-mg  pC#374  N72  25053 

TARQCT  ACOuiSitlON 

A;.ot"iat  c*  •''..•-o*va-a  g » ■t#*'-  * »#/*», «s  to»  i/ac*  ng 
ard  ti#  co~i-oi  sy\:an>-  j»ad  m missi'a  aitaf*  o*»  si'aii 
tact.:at  :a  ;«is  p022?  N7?  27693 

aGaMD  <o*-lfai*ca  :/•  #•*  to  go-md  la  gat  acgumion 
(aGaRO  C*'  tool  o0302  N73  19S59 

Aopicaiior  ol  aiMalo.aal  vis-l>  > to  p ad'Cl.ng  la-gri 

♦cdMSi.oA  . , to  g.o  '1  saa-n  p03O?  N?3  '•  ?960 

M oORM-igu  «<i  -.i-o  •<■•|l•obab•  Hr  o*  a<9s  ••g  i4s  gna:«-i 
ta  g*r  as  ' <ii  hs  a-ga  as  *4  app'ca-h-d 

p0302  N73  19?62 
Cai  «ia;  • and  simu’aion  aHa-ts  ol  • oir|i'a«  saa  c'* 
,:,3ton.  1.0332  N73  79963 

n »**t»o"-sh-  v b«ta.aa-  s-.it:.a  •••*  rH#'l  O*  St'o-.luiad 
ta*d'i  Cia'sg'Oi-n  Is  o'-  »:  ju*s*'-/:<.  ta  i-.i/n'a 


(■‘  • 


t ’ 4 ; 


r ARlE  S (OATAl 


Osa  ol  'ad'O  /nodaii'np  data  lo'  '#/*'<  ta<gai  assass 
P0145  N74  1 1065 
Siata  o'  it-a  an  and  luiu-t  p dsp^cts 

pOMS  N74  I 1967 

TA6R  COMRUAITY 

Human  pa/lo/manca  ii  sagjant.a'  uia  i.ainmg  tor 
acQu'Sit'on  ol  pa<capii.ai  /noio/  Simla  onoar  flight  si'asa 

P0I06  N73  19153 
Riloi  pado/manca  und*r  C#/ia  nhypoOK  I'anquil'Xtr  and 

Parpii-i'aia  lypa  d-tigs  pOOfiO  N73  2 1 1 10 

TASKS 

P-xCholog-cal  and  af»snonma.''ai  'aciois  m *alacl  r.g  pilot 
Simulator  tasks  00*72  N7i  16067 

TO  SATtUITCS 

Pr.ajmati-  sysie/r>  usad  miih  TO  sair*  ■-#  athtuda  ionuo' 
s^iian.  P0278  N72  *.2068 

S«''o  s#ta*iiie  aitiiudo  i*  easuremant  aid  (.onitoi  sysien- 

ton.ponanii  O0?78  N7?  12069 

TECHNICAL  WRITING 

A corny. ter  produced  hc.arord  .''dating  sySta/T>  lor 
lacn  mai  /eoo'is  *o  ma  I'b/ar-  ot  ».•#  Aircra'i  flasaa/cb 
4t^pi;-^liOn  ir  iiig/l  00159  N74  16926 

Cu-r«/t|  AsLie  rasr  .rch  on  /-y.h»r  ST 

00160  n74  16930 

TECHNOLOGY  ASSESSMENT 

bu'.ay  a*d  aria:>s-s  ot  acu  ;ai'0'  at  I'Ondast  u^tive 

i jn  /r  athoas  to  ar  crah  y'iu«-iu'rs 
)A0AR0  H 58?  7 U P019  7 N72  t954i 

State  o'  a-t  and  luiora  ‘rBrids  ot  con-pjiar  aidad  des  gn 
r'  mi/rOYvave  ••.  qraiad  'i/culs  p0l66  N74  1 3910 

Su'.r»y  ot  Ihr  Stale  ol  |h#  a t o'  Opl-ni  lalior  lacf-noiogv 
V..th-/.  NATO  .ouni.es  O0296  N74  15590 

aGARO  A-i  ,ai  Mee-  - g -973  conie-e-.  e o.^ 
lesa#'.  1 a d deve‘:>Fm».i!  m C-eece  a.  J use  &•  «n;e 
and  tecincr^,  to  nuiiia'i  'ag'»  •cmenis  at  ‘educad 
tosts  P03O4  N74  215U3 

l/Tipaci  0*  lechr.oloy,  on  COS'  rad..;!.on  '•  d'lC-ah 
pioduc,  -»n  pu3o5  S74  ? 16  18 

TECHMDl  ^ov  transmr 

A:‘-.uisi*on  <alii««a!  d ss«.T. -laiiQO  a j rT.a..age"ieni  ol 

I-.'  ./,T.4llO/1  vtsie'T'r, 

lAGARD  LS  44)  p030i  N71  23501 

in/or/T»ai'On  SiSian-.s  s'e-  o*  la  h o>og'.4i  niorma 
iion  a-.«l  ma'ajan  eni  ol  :er.i'-*’fiyv  l-'a/sl*' 


p030l  S71  23502 
a’roliia  co*s!ruci’0'‘  cost  ba*e''ts  rve^o/’i'- s a-id  usa- 
iu/v»>s  rn  nansi#'  Of  lach'oiogr  4'd  vai^i’rva  diswr-.riano-. 
of  infor mat’OTi  p0301  N7*  23506 

Scacacah  d>spia>  t»ch“oioy»  appi'td  to  a"'  'all  y-  ida'*<a 
S.id  •'775  NT-»  71R41 

Advar-.e-i  NaCa  a-1  GOC*  'ach- r.’,-|.i#n>B-i 
'echri'Quas  a*d  ap»>t  :at«o«'  tt>  naTO  o'Sg'a"t«.  to--  riata«ssa 
ar  rt  c v»’ ntady  p030?  *»73  '5968 

TtCHNOlOGt  UT7LI2ATION 

Faavb-iiiy  a'Mj  appi  ra'iorn  o'  sc*  I'f'-:  a '7  i*.i""cai 
.n.ior/Tiafon  anaiys'S  :enia-s 

UGaRO  CR  78  7 i;  c31  I 3 Nf  i 19536 

Con'.Bpi  r-iivs.cn  ail ooe-ai  :n ol  s‘-aii'tr;  a~ 7 't'hoicai 
inforrT  at 'On  anaty  ce  iten  pO  1*J  S7l  19527 

i/Tspac*  0*  iachr/>io\»  ;a'  da.aiop'r-a'':  on  ai'OC"#  data 

aiq.j  sit-on  VfStam  #■  d ^fuu'id  data  p'n;ass'ny  sia'ipn 


(,0195  S73  10457 


TELECOMMUNICATION 

MceDrologi:#'  e'lari 
piad'^i'uns  to  ta»e  cr.r.-ii 

Dasy>  rtefe'opr'-e  a >d  • ; a ai.<e  v.  • 
mwr  •atio?'.  I .'••V  mT  uOS  '.pace  r-  osa 


oro vpT«a''.'  ffopayaiio-' 
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. I'  • 'd<  ' 

,-Ovn  '.71  --dRSh 
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A.r»i  !'#••  •.Ilirf'-rpaiY*" 

1.0303  nn  19960 
h«l->R;  f"Oii  !Rd  S-yt*’  a' ‘7 
p0J03  S73  -9969 

•B  h ^plni  r.  ^I.r 

p030J  N73  19970 
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A 1.  4.1't 


a-'kifS  ' 
•l.gi-a 


ol 
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•i94  S72  19508 

VAilf  hi  .y  t>*l«hU'il  10' 

u.vier'  s 1^158  ‘|72  .■»;  w 1 

.,9)  ( .i.iNtrii.’' alo"-  systa"'-'.  'c 

;0'5B  fU:  22  *7? 

' r UT  . 3'- J'  S S'p  '.1*1  ■■'•/  ••■■I 

,lr.r.  ie::.r.i  ;•  « to.  at-i'l'  a'  <»•>  10 
...2158  N7?  2:  173 


t r/A. 
l-p-A. 


TARGfT  RECOGNITION 


-Jd  N.’i  2313H 


p0304  N71  I99.' ' 

, . la-  1*1  a .•••s  • 1 

I.D3C4  N73  19972 

t.OJ'4  '(.’I  199.'  I 

r.  J .1  1 .►•  1 .r 

..  J-  ,B  I , I s yet 

i .'1.104  *1/  } •93/4 


;,r?J  .}  *1/  1 Ills! 


„Tr-Bt<..ai 

Co  le-e-  • j‘-  /•«i-ar-ie.l  'e-<.si.a.*  -ea-.oinrT-;  .j:>o 
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Ira-  >.pi*0d>  •'•  NAf^t 

lAGAflO  B 688  7 t|  pOQ:6  N7?  I?970 

Oa'a  a'^i  '•cun,nia-''4ai  o<  \ '■>-  i<a'>\»<  ta»u  .i-iAK 
p0263  N72  1&607 
Ana'riu  ot  p'ri4iia<n«  .i.vui«a*I  .1.  ug«*aiiu*i  •»!  'a-ge  wml 
iu'  *-4<»  at  k-.rwo*  • a*  *i  vu|>a*-«'*iH 
(AC,4H0  p tOM  p01  .’2  71.*  1 26239 

0»»*lop-«*nl  .,1  .*n*-M.a  <•  airinr1\  f-ji  <>•••  ♦•••-g  W4l 

c Of  •.i»a*rn»  «'a--v--  . w«.*l  . all  w-t7«  va*-*  'ai**i  ^ » • 

1*01  73  N71  2674  l 
fl.1'1  m'.l-o«.  !••  .|•••r*^^  •»!  d^v-gi.  g -»  0|*#*al-*>‘-  uf  lAw 
tpo^ian  •■a**v'»-ii-  w->  *1  ii  * • ei\ 

lAGAi'O  o 6021  r.OlBl  N71  262  /9 

f *\*n  and  l..••.•*  • aa*l  '•  u'  *!"••  y d.  • , - 

ra  -.rrm*  w id  l-»*  - At' ••  ' *d..-i  .t*.#’ . \ *>l  1*s.g-  '■sl^r  •.  . 


I n#.  It  ivib-  la  1 » j.i  I . 
I . 4-  *■*  V/- 

0*'.<gn  ‘»f  »ani  ifia*1  wa  'y  < 
Ml  a'»k'»  of  Pa'An  ata-y  affA'  • 


i»yi-'-j  a:  t‘-yti  o-'-.i*#- 

M,1>a-r:  If  ' I -ryvf  Wii*r1  •it*-i 

transport  AlRCRAff 

»i  gii  ' h as'Cf  • ai-  t’-'  ■ *»a--  -i-f 


I NA  SA  rv  X 6 74  I /■ 

A -T*a  • *-|  ‘t*;p|  l»*  i.f  ’ 


'■lAt  j - a -t  I 

I.t.y  a*.  1 *ll<*  I *, 


Owvaioomam  #nd  cbaracianauci  ol  dual  c4'go  book 
»ruam  lor  uM  on  miiitary  tran-apon  bo<i<ai>ta‘a 

pOO40  N73  2 102? 

Numor<al  mvtbOOy  for  OOia'mirHng  range  and  rad>w«  of 
acion  podoirbAnoa  of  t'anipon  and  rombot  ancab  and 
;.ffaLit  of  «a''Ouk  oaurbaia'A  on  parfo-manc* 

oOOS?  N73  24043 
XO'OOynainic  UMn<f*n|t  lo-  cakuiating  Iranypori  ancrab 
porv.irmarxa  A\ir^  w>r-0  lunnvt  and  acaia  modvit 

p0O63  N73  24046 
Ana  >-%it  o>  pa'amata-t  aNacimg  rbdica  o'  a'^gmat  for 
Kanapo-'  and  tombai  a-rr<ah  dialing  dav-gi  p-exata 

p0O63  N73  24040 

OwaiOpmant  ol  iwo  maihorH  fo*  op<*nuiing  daaign  of 

• ubaonic  iwapi  Wiiyg  |«|  lrarvfcpO'1  a"('aN 

P0064  N73  24064 

Ariaivkii  of  aa'orbfna  ..Ka-a  la'-tiic  a affai.l>Ag  ««iac 
tion  ol  Abort  lakooN  Ha-iypcn  a>'ciafi  p0066  N73  27012 
Analrary  nt  iaM4'Lb  a^id  davaltpmaoi  prog'arny  myotv-ng 
Aonai'x.tion  ol  abod  lakooh  iranapori  ai'Ciah  -o  German^ 
p0066  N73  2 701  3 
Aa  odynami<  cba'ACia'>ai  c*  ol  btgb  hb  w-ng  cO'icapit 
fp-  appi'(a<io»  to  1 orn'r-aiciai  abon  tahroH  irarypon 
A call  p0292  N73  29900 

The  u obir**  of  > -vla'I-- g * ■'•odarr.  » gs  bf^;ais  a‘-0"  ® 
on  a ■ w-n  ja'  i-ar-viMi'i  a-'. -af.  p002  ■ n74  14  72  7 

Tbaoaii«.Ai  bo'i/o’ lai  'a'  toins  an*i  aworiaivO  ai*c>ah 
■ aiijO*  V4S  o'  an  aulp;ilOl  cunfcHed  jr!  l>#n«pori  by-rg  1*1 
lurbwia'-iia  jnaiyvy  ol  p’obien.  araav  atvx'aiad  wiib 

• 0>d  a*''.rab  r -nirpiiad  by  k-A.pJ*  a-iioc'lot 

p0O49  N74  t 7 742 

TRANSRORT  RRORCRTfCS 

Tianspo-t  o'ooa'i-ak  o'  ot.da  v;aiay  lurm«ii  on  oi  dai  *• 
*a«i%iani  aKOfS  p070(  N73  23604 

tRAVELINO  IONOSPHERIC  OISTURSANCK 

A«v  npipii..  maiyody  fpi  svia>rr>  I'lng  p>opagai*on  a*-giai 
of  tniai'-ai  g‘a«>U  wa*ai  i a/ai>>'g  ai  *o>'vm’''ai<  nagniy 
pOl36  N73  14144 
T-a.a-  r g -o'-rMpi.ai.-  d M-jibj- » e ganaraii'/ri  I'opOC 
aj%a  ■»'  yii»a>r  pO  I 36  S73  14147 

G'Ai’fr  wave  aRai’y  1>  cu<'e-va  nn-e  Lban-gay  ni  d#  n 

navaii  g H>r,,-.ph«i-  d-k'.-!>a- < ?>  i-Oi3$S73  I4I6A 

icN*  tad-.  •*ii*-la-oir.«ii|  fix  >>a»tl-->g  'jnOspbt'i' 
d.vi  • i.a -<  • dfia*  1 **••  pOl38N73  14168 

Co-r  puia  I •/ A(J  yimula:-yn  «i  g-aviy  wa.a  pai-.-'fwd 
t'4»a'  '*g  iO‘-0’ pban.  di%l>Hb4nc#>  Uimg  rad  •.  «|  t'*i»-» 


•orr-ait,  fix  >>a»ai-->g  'jnOspbt'i' 
P0138  N73  14168 
-nular-yn  n<  g-av'iy  wa.a  pa  i-.-'fwd 
di%l>><b4nc#>  utmg  lad-.  «i 


A-ia>  fv  yai'v -j  '#1  a imf  • *la  • 
i.‘>l2D  N72  16  1-9 1 


• W -I  ' - 1 a'  n ra»  ..r- 

tOl84  N71  767R4 


Ml  a'f  y't  uf  Pa'an  ata-y  abAr  ii*  g mfiy*  ganA-a'iu*' 

POI04  N7  I 26206 

P'‘,i|Aatri%  >>l  w.-.ft  l-i*  dAi  -g--i  a A g 

|Ar,ABOP600l  mOI73N74  18987 

P-fj  A' I yli.  ly  f>l  a la'dA  1 ii.-rA’*#*'  'ra-  nu-h-  I -idw-ag  fii!i* 
W r-i*.,.t..a>  lf'jl74N74  16909 

I'.a  #».*..  I «.  «H-  -A  .|  *•  -I  A'  n.  .•••  1 ai  \,y|«  ■ 

fp*  iba  ga'-*-aS-*»n  •** 'i-.***  l•a-■''-■— . »■..*%»  \ . **'aA  


Ii0l  74  N74  »6990 
(01/4  S74  1691/ 

,.  ab  1-  . g- 
,.-y-2f-  S7  1 
. -all  I-.  i-a*  I u a- 
,.r|f|.-b  •(/  I .iXrl  * 

■ .►  |..  VI  . I 1.,  ..*1 

• r -A*  . j t’A  » '1 

• A<  .A 

. ui?  : ih;i 

- I »,y!A  • 't.-  i-a  V -- 

j.O«>n  N77  » 19I'. 
I a-a  lA-.vi-  -,i  ii,.-  j 
•1-1#'  I - *»l  '-a  ■'(•• 
|,'Jf>4r.  N-*.*  I/-H/ 


P0ID9  N73  14161 

Rai  lia*>ng  icmpul  ai>u>>y  ol  high  fia<3''t''iy  yignai 
i ;*•  rintfAlA-i  n-/yin>-A<i-  dyiiirh 

• i-.ai  rr  » 39  N 73  '416*. 

Ai.<  111'.  g-a*-iT  A>a»r  •tfar'--  ir>  i-avahnu  •uno^p'*a<'< 
liy; j l-a<-  «•-  lJ•^',w■>g  >•••  laa  ai(aO*--'  » 

POI39  S7  3 14  16^ 
t'lr  ly  ol  I a>a<  ’ u K>' ospf'a  • -1  y*vba’  »»  Irji'uwi'y 

• •u  ‘aa  aip't.*.  iM.  *«■•  h.  gi-  I a0'>*-i  y fia'-rj  p--  va^A'-**'- 

(.0139  -‘t2  3 ■■4  16  7 

TRE4DMIUS 

Haij-ri'-.'i  a>/TA  ••  |i,  ao-'-'^a'  a»a-i-sa  ia\i-.  a' d 

• vjio-ai  - 0*0  -a- » a-  9 og'a-ny  10  fir-ng  Malyn 

oCXiSS  S7«  1 3 788 

TRO»OSPHERI 

iJK-ai  >gi>  -aug-i’ 'A-la*  fv  yanv -j  '#*  a l**f  ■ *1a  • 
yiru*  -'I  i‘  fp«»si-»  a*  A i.‘>  I 2 3 N 7 2 I 6 1 .3  1 

'A-  xwavp  'aria'  -leia*  1 *.*>  a-  -i  o«io<  .u-*i*i  • u*  v ••-i«i 
•'*  a'w*y»\  iri,jv..^.»a-*  i.ni37  \73  <*167 

TROPOSPHIRIC  Sr.ATTfRiNO 

1i  *'  I It'  M V a*  d '*•#■■  All#- i»  1*  A'A  1 1/ 1 

a-j-*«.-i  wa»r  piul.agti-o  ■ #■  1 -*-J.u  -.  -g'-#'  t-#'  '•■••yy*r' 
|A(,AH0  CP  70  71  PT  l|  I.U'14  *(7(  21400 

fJi-AA  1-.  - • . .I91  1.  a*'*!  r >n  la  I - I fin  isl-l-A'-- 

-A  **-1  -I,  . V 11*1  1 1 4 S 7 1 14  ■ < 

l-t  ,ir.y|-li*'  V a*?A--  •)  * 1-1  -lAI*,  *Ma  -»  I.  AlA  l-ir  i-ag 
-Alv  v>a<A  f -xpagat--*"  -•  »p4  • ■ #(  i,.  - 

li-.'  14  *4  I'  2 - 4 13 

T-.  a-rrii  iai->-  i*l  i-w  -■  1 '(a-a  xaia’i  1*  #d  < ' 

» gr  a'  a!  1 *•  ■-,  ?■..  yyay»-».  yih-.  i>i)  I ' N 7 < 2-470 
Or*  n A'  i*-.pii.piA  g •#"  f>iA"y  #*-*1  I if(Bav(ir«a..  paib 

|,a  an.*!A'\  I'l-  U’A  A • - a'-.»-.y  |i'  1 1 1 *i  7 < 2 1 4 V ' 

T-|.(  -.yl-t  •-  . I 1-1. ..!a  » aMa-  'y  111  \ Ipa-t-  <-a-|-iAi»  a 
Ir#r-v-i>y-«,  S A i - W AlA  y a ■ ■ a*  g-a\  [lO  ! < ‘,  N 7 I 2 14/7 

f-i>(v.y(iiir-.  \l  al.l-  al-r<-  *0A  |i  la  -a>1---  (-'•A’A'i*'*  >' 
a -rt  • i-.a'  . l,l'116N71  214/1 

Ha-1-.  'aIia- * ..iv-.a,.-.  I,.  ii..tv.>y<-i-A'"  ai*»aiA‘l 
lay  A-  \ -1-t<  t >1  I - -Vi-  |ii  I-  i,-'  ’ ' 1 6 N 7 I 7 < 4 2 4 


I N4  ’ A IM  X n 74  1 6l 


f/A  1 1 ‘f  *.  I / I . R ’ 8 


(A'lARi'f  A'l  3-'  / Ij 


-4b£;ai&-, 


TAOPO&PHCRIC  WAVC8 


suBjecr  iNoex 


M«i*o<ole^M  «fl«cu  O')  ifopetphanc  prop*9«i«n 

pf«(kcton«  lo*  i«>«  pO>20N7l  23470 

An^itudt  of  Mp^'Tvigh  f'tquoncv  goooloien^rv 

commuo<aiiQn» 

P0»4J  N73  26139 
Sl«ni  p4th  •n«no«tioo  C f yltr#^•gh  ttp<|u«rtcir  no»\4U  f«o<r» 
twA  t'tckrf^  p0143  N73  36140 

^H'OCIiOA  tOM  to  I'OpOtp^'K  •ffoctt 
•I  fr*<K‘«AC«*  aoiwoon  160  MHi  ond  10  Cm  mi  rultv 
nOI46  N74  13862 
TropOtpf^i'C  loflutACO  on  irt«  tOMOMVp  oftocl  du4  to  4 
•T*o«ol«ir  rKlO*  on  3 Cm  f»dH3  l»*n»mii*iOA  tow  du« 
k'  •tmo«ph«n£  »*t-kioit»  p0146  N74  13863 

‘Airoductory  njnroy  lo  Matron  4 ^«op*9«I>oa  p«i«  lo# 

M>ior**<»f<*  pfC<Mp4<(V  C4t4<m»(T*iiOA»  pOl47  N74  13861 
inia«l«r*AC4  <nAUw>«m»'t»  4t  16  7 G^i  ovt*  4 long 
IrinyiOfir^  P4lh  t'OpOtpfV'<  '*<>0  4C«t1«nog  m«cft«A 
p0l48  N74  13864 

Tfopotcpttar  p«op4gil>on  m *a 

pOI4|  N74  13866 
St^i'ttool  Wv«<  twvond  ho'uor>  »>gA«l«  at  2 2 CH< 
•nd  2 6 GHi  moawcitaAAta  of  trw  v«n«iM>n  of  iri« 

• Krw«l  tt'uclur*  fOdM)  •Ot«d«<«Ac«  «a<)  (rOpOtp 

l^fic  •C4llf*  Ii0l48  S74  13866 

T60^018Hf8lC  WAVft 

Imp/OvOd  t'Op(>•p^•f•C  «r«v*  pr0p*g4l>0''  *0>  /tuI-Is<> 
Opp<KOt.OA»  pOll4N7l  ?1410 

T6U6688 

OpiifTioi  fpim  po4don«  lo'  tppct  I'l/Moi 

p0297  N74  16606 
0pf>'^U4IWn  of  l7l«  lOvdOl  of  I'UtMt  COmOnaAQ  lUKOOiOt 

tuMdw  Utflwtl  i th«ot«/n  iAd  OA  th«  boiog<c«i  p>.Ac.pi*« 
Ofoyofui-OA  p0296  N74  1661  7 

TUN08TCN 

Tiw^'v'ot  oipOAiAA  DofioviO'  of  ptaiiAuTi  AJ203  t^a^g 
•ton  t0k>r*  «nd  or«p^alO« 

(ACA80  A8  381  c»0298  N72  24960 

TUAtfNI  8LA08S 

Ad»*Acod  coolang  tyaionM  pAp  a««i  ••tafOAt  m«t«  >«■• 
le-  iw'6>a«  WoaOoa  of  f»gf«  i«mp«>aiutt  M'OAauKai  ga* 
t.i'tMA*  taupnoi 

(AGA80  C8  :*3  7 I)  pO?57  N71  1 7372 

Mo4i  utAilo'  p>M<iiOA  lo>  iw'baAa  b4ada 

o0267  N7l  17374 

Matftamatcal  mxM  to*  cakijfat'Ag  otao*  taA«pa>«(w(ai 

£OA**cia««  coQtOd  pp*  iw'tMApa  p076 7 N 7 t 1 7 376 
(ff<CaOA£T  of  •»  COOlang  tHOOP  OWpA  fga  OyAapul  693 
9*4  tu^tnAp  an^aAp  p026  7 N7  i 1 7376 

H#«t  KoAtlof  «Ad  ••C^•A9t  mao«u'«mon(t  oa  f.iod 

tu^na  'A  fwgh  ipawpaaplya*  .’Aay«P»-  «'aAA  K*a»a>». 

pO?67  N7  ' 1 7370 

•ouaWlaa>  t«T«*  0^<A<wif«A  fpa  (mpil  (w*0i'«  OfpAO  AvgA 

wii8  cwtpaO  tapaiwtg  aopa  pO?66N7i  17360 

Apao^Apank  #Ad  thO*AtOtfrA4an<  ppafO'^^tAca  of  lAail 

cootod  9*%  aAtpAo  bfodn  p0766N7i  >7  362 

f<pA«p.aaf<»A  <00*ad  blOdM  *<v  ha9^  taanpaapti,'#  aAl^tt 

an  Iv'bno  fy a»»  p02  66  ^71  t 7 384 

PpdOampAcApafAOdA  'o*  (u'OMap  Olpda  falaO  COOl'Ap  AfU' 
r>iPt  I «A  ffMOwgfi  ffotp  • 

(MASA  C8  » 163761  o0?6«  N7  l 17368 

T*^i/rt0  baApvoa  of  fOa-  •w*^*o-fwC  aMoy 

gpB  luatanp  waiiai  p0769  ^ 7 i I 7390 

fatxMPian  of  cAAoii  #Uo>  pAd  '•<aaf  «iiqy  g«t  Iw>n>« 
Uad«t  p/Ml  dia<t  p^i?69N7l  17392 

CO^Mig  of  pat  IgatMA#  0«pdt«  Or  -rTaCKK-  tivo  apA 
pO?60  h7l  1 7394 


Moal  lafAtlO' 


an  laquad  mOlpl  COOtPd  9P«  (u^tliAa  tripak* 
pO760  N7l  17190 


CfiaApwlaaKOd  Optan 
twatnAa  bia4«« 


pO?eO  N 7 I I 7400 
^oO?6t  N;i  17404 


'pAyioiai-j'a  OP4  i«i'i>'>4} 

CoAl«-«-xa  oa’  A*yA  Ipanpa-plo  * (u«t>an*l  ''p  ' 

of  fatan  coO^aAg  OA  CPfalP  p'0l'*0  *04< 

fNASA  1M  4 671231  p026»  N7I  22699 

Co"OtOA  rpvtlPAt  mplaaipt*  fOa  aoi/tP  guada  ••rtP*  *A<J 
laa't»AP  (MaOM  •uOpOCI  10  vaAPOtOa^  coolpar.ng  fv*‘  ' -anhu* 

p0203  N73  23613 
8iodO  aort  of  Ipmallaa  pAaJ  ta6fO-J»  COaupCOala  aAft*-'fl» 
fapari  dKaafOApi  v}f'di*  -:a(<OA  of  PutoclK  pi  o>*  «A<1  appt-ca 
•*>A  lo  g«»  ■u''-  4 W*do*  pa-dviooi  o02l2  W73  27492 

Dxpci-oapI  •o(.at.f<pi«cA  of  '•<  pllox  pAd  appf<#'OA 

to  twit»Ap  t4ada«  pod  luat-Ap  argio#  ^o'npo'*aAit 

p02U  N73  27494 

TUNSINI  INOiNC 

8«a$ua  tM>A  of  A*iar«t..l  taT)>«taa>ait  O*  lu'tia'  * •a’p'  P piAp  j«‘ 
pO:-61  ^72  1 167'a 
nt  hplatOpIP'  :u'7.a«  pn-J.'.p  li,pl» 
o07**)  N72  I >R00 
»aipl  P 'Of«  p o'pa  -<jpt-'ij4  fo'  ‘J*0 

,-pl  cO'Apoa'P'*C»  of 


TvA»0C0M8At8t08ft 

tnOuonca  o*  wptOCrtV  dOAOiTy  «»l«  on  C0O»p*»»*0' 

pado^mpnco  tn  cofftp'oaaAMa  8<Mr 

p0269  N73  19806 

MatiWAtaiiCOl  modal  foa  paoo<iAA  of  #■•#*  coA^pfaa1oa 
pOrfpamoAca  «ACla#dM^  pflpct  Of  PAax»l«»  »*"  4jOuAda«* 

pO270  N73  19612 
Shock  wpyo  bou/ida^  i«ra«  tnt«(«<iion  <n  comp«MftO< 
cMcodot  pC27l  M73  19816 

TU8908AN  tM01N|6 

Ha^  l7tP4»«  ajalX}***  pOWO'Od  P<OpiJ«M>A  pmulPIOr  *Ot 

Oifframa  tngvia  iniogt£ia>n  ar.plvM>  pi  iiAloonic  fod 
pup«r«oAac  ipoodt  p00O3  N71  19369 

WlA<J  fuAA«l  0>alw4(*OA  of  AtpaPpapACP  d'Pg  lA  IwrtlOfaA 
•og>A«  OTia^  eOAf>gw'at*OA  of  «.<OaoAac  paar'aft 

p00O4  H7I  19376 

OpIimil'Ag  piOPultArp 'fall  tyttom  lo<  l«*bofpA  S^OL 
pMC'Ph  :OAwd4'aAg  £0*1  affociawoOMt  p0026  N71  2G063 
OaPIPbafiiaAQ  tpctoap  pftOCtaAg  tt.O*a^OnaC  lAlptP  Pa>d 

loatwfpA  aAgiAM  of  p'opu'voA  •fOiomp0266  N72  <6'*l  l 
AnMytal  of  «M4U  duel  AOiw  of  IwrboftA  «AgaA0  and  o8*C1 
CA  duel  ti^uctw'p  duP  to  pcoupim:  fai>gija 

p0293  N73  29916 
Opip-Kd  ptApuii  ama«p«A  maatu'OAipAii  o>  lA'ta 
diflp/pnl  turtaOUA  pAgtAt  dotigAp  p0217  N74  14276 
TuAtOOlMCNATORi 

H*gh  pAltpoca  l#moa'Pio»Pt  »o*  ampaovod  ppafoiartpraia 
of  turttOpPAdaPtOat  pAd  gPl  luabiAP  PAg.Apt 

p0267  N7t  i 737a 

fUASOdCT  CNQIM6S 

flOdtXl-OA  of  NO  fO«AplM>At  Oy  pipmapai-g 

p02l7  H74  14272 
Tnpoapa<0<'  Ptudy  of  Ihp  tpMduPl  PwOfwt'OA  Of  pdlu1-''-0 
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p01*-4  N'2  I t?00 

voice  COMMUNICATION 

Ni.i'Tif  iLil  <:  I il'bl  III  (Mi'j  ir<4i1iil4i4if  sig  4'. 

41'  ''4viy4ti0n  ife-.Off  :n,i»i/  Jiuiri  s>sf4n 

PC131  f4i’3  10194 

VOATCX  GCNCRATOAS 

S4ie:>  , es  1..  e<  n . 4ni.i4fi  i.a-ln-g 


AppiQaiTiatiOn  of  tMO  din^on^ton*!  tu<b.jl4'SI  bcul^4  v 
l•Y4'  uru)*'  4'6ll**ry  **4'l  4ISd  I'M  <0<'d>laOI>s 

pOI76  N72  20279 
A-i4tv%>s  ol  U/niii4i  0*0  ul  >«0«  41*00  buOdtS  in  («yu 
dm  4.'-k<0i  4I  ncom(-i*jsit>l*  llg*  »r  vj^Kt-jk  khjpod  cO 

I*:'.  o004l  N7  3 ISOOO 

0e»*<OC>'n«.si  ol  •tijf*'*-K4l  molho.K  lo>  cOKOcling  Mill 

COnstiOioli  m l>4i>M>nic  <wi*0  luni^l>  •Y>rt\  Y«nlil4l«d  it 

pOI73  N73  26241 

WALL  TfMPCRATUA€ 

Ccupt  ng  •Itoi  It  !>«l<Aa«  ajH  ^•4I  ng  J 4«i4i  ui«SV.i« 
g'4  *en|k  m lu*6u‘«nl  bvundA'V  Uv*  f-<7* 

(NASA  CR  1269031  pOl76  N72  20281 

WATSR 

€lf«civ  of  potiii««  C»  4Ci:«‘e<4!  o'*  o*  blood  o*yg4n 

S4lo>4t*OA  4"0  P'ew'41  0 esku'«  •••41  ons  I-  Ilugt  l•-•4ih  y 
41'  4>‘d  l-qj  <1  f’uc'ocitbook  ir.  MfbOl4  body  M4l4i  i/r.ir.4:kion 

(NA6A  CR  1I7I99I  0OO68  N7  1 20398 

e>4Cli>C4l  COnduc m«4tui«fr«ol«  fo*  d4'Ci/niA*ng 
Vi*s»  sit#.n  tioie  i.f«  of  gi4»t  f-b**  lo  »etm  -teff*  141  bo  d 
m le-ofotced  p44-.lic  mai«-,4lt  aipOi<'d  lo  v>4l«< 

p020a  N72  12505 

WATC6  POLLUTION 

<44SiNil.  cf  -'441'  J .-il*.4'A-tl  — po  njl  on 

r.|--.Y»4I.Cn  ari»*,„s  cr  14-  pOt'.3N7l  195)2 

WATCR  VAPOR 

SN4I«  e*4pO'a<-un  • ‘a.lairn- c Ii.  ^>.4W  <i  «4S-i  4A.«  Is 
Oy  •■40VS  ;i*iO<^-i.4i  in  1. p opjga'.ioi  <j«e>  sea  >> 

»*t4  COI40  N73  26125 

WAVe  AMPLiTiCATlON 

ini«odi., to* , sii'Ye,  to  if.  I Pii.p4g4tn:n  c.«- 

la-ian  ^4i*..i.  ijMS-.-s.-ji  'm*. 

pO»45  *474  13947 

WAVC  OeCAAOATlON 

The  14*1  41*OA  0-4g-'4'AN  ol  4nl«A  4'  oSC-1  'n  la-  «s|i  4- 
iri.- -oAese  'a*  cl  sigb!  kysie-i-s  •4-1*«’ on  p4ii«-i-s  o* 
pa  gbot  i-  :4n--js  *n  ia.--»tii  al  *e*4,  s»slf  >• 

pOl47  N74  13369 

WAVC  OlPTAACttON 

P4d-0  V*t4»«  ••:M»4<-Inn.  rt-.n  lo  4 A>0-*-l4*»  o'  vol;a- 
^ y-‘  P0146  N?4  ;36'.1 

j«-4l“  s s 'Ml-a  i*.->  0-. . o..a  I > MOI-- sprsei  e«e.  ti 

41  * a:jv.e  •#%  •>ei.*«a.  100  Mm/  a..d  -0  Off-  •••  5'i» 

p0)4b  N74  13892 

WAVC  exCiTAtlON 

M4ther-4U4!  -noifet  'a-  4SU  >s?  •;  g evily  fs4»e  e*  •I4:*«-  *s 


rtSO’ii'ng  ♦•-  Ai4Sses 

ViAve  PAONT  ACCONSTAUCflON 


pOl  3«  N73  14  I 35 


►0-99  •*;:  >5495 


(NASA  TM  A 67’25l  pC'.720  ‘,/l  23Hb 

VORTfX  SHECrS 

04>eivoiTi#i-i  cl  pi«.'i  e<>t)<e  (ill  leiei''-.  n i..j  y».,--  ei  an  i 

St-a  -gin  'lislnf.  iln.n  ‘>(  voile*  ai4«e  ga.^-.tte'l  bi  sn»  ,'a 

biadeO  •'■jv#.  ~ j tell'  pi»-  i to-  pC-^9  -N73  2 ’.’Jib 

VORTICCS 

VYiihJ  (o»-  ml  < • lei  I-oa  tl  i<t,  > • r>odr  n'  -ev.i'  jli  j-- 
U-  Ailbo  -I  a*-‘g.  pC  J<}'  S ’ '935‘» 

f'-re-l'i-Wi  'j-  -nf  val,  -l  • t.-il  «.  • •^€..,il■ 

hall  1^1  e-  loto-  t l40e  ii,n  v«,  tei  y s . • | jii  at#  i..n. 

Wade  0C-C49  7 3 2 1034 

T^e  daie<,  l<j  -.1  ai''4ll  n**4  so«'-;a  de  .eio(.  a..’ 

ol  4.0iis!i'.  a-.il  n..nil  p-«ii  • *.»•  vO'lat  d^l^- 

iiO'--  pC-053  N .'4  ‘ 7 ' 3 I 

Voile*  wa>e  aseai  r.  >•  i*  gM  i-  .etii  ,)'<><  <-1  ! i->  • 

.vake  gei  a-*lM  I r C 5 4*s  a'l  pC-158  V.’4  '•.•.-ll 

VULNiRASlllTY 

Phis- 4i  w-ji- -'abii-i I id  a -'iab  ic'Ilo*  » 

[AGARO  Aft  4.’  VOl  :|  X . t 7 , 

Ph,i  • ^1  VO-.  • 4bili;  , ol  4 • all  ■O  j'n-  ? 
lA'iARO  Aft  4;  VOl  ?|  pC")6t  x ’J  7.i^;  I 

A':  §l|  vo'a  a».,-'.i,  a--4,s-.  Ilia  J 
lAf.ARO  Aft  47  VOl  31  pOG6  I *'4  73‘.-.-7 


WAVe  PROPAGATION 

6’‘*4'4''a*--.!-<  * d a'?e.  s _*  A*i  I , *j.  c -phe-e  o-  4 l o 
4-  ‘ '444  i>  S>p4-a4l*4n  sC«de  e-.e 

lAriAftOCP97|  pC'26  N72  21  12  I 

P*MYe*  oe-iia'  'la*-  **as  0<--oi**''  sl-l'v  a**!  oh4^a 
(la*  to4i*0‘*s  ol  f-ego«--i  « d.vH - i -jn  ••-  aa-c  a Hf  ;.*cp»ij* 
l<J  pO*29  N7»  21143 

C ile>.ls  .-.I  Alt' c nanc-iohe.-r  chfa  ie»*vi-i  \ y; -ad o a - J 
»<la-  p-€H  again.  - 

|ArAPOAft33|  pOi3o  N72  221  J6 

ria**ipa-*»w*‘ o’  <>**os.-*e-n  a to  iva«<  (•  opagat  o . a 1 
4.0. sl.;  *,  anif  A4<e  ;-:oa4gii  o*.  ..Ol  34  N7  3 14  132 
oa,  l a ••  g ••  • '»*.id  I.,- . ai  .ia:.*;g  ol  a o .si-  a ' 

g aoi  1 Aia>a>  •-•  ai-»c  o*-e-e  pOl34  N73  mi33 

A-.,. I y!.,5-  n-**tliad  . *.»•  -Va  -i  «.  • g p*'.*.-ag4i*-.*-  a*  O •■■. 
cl  • ieii*a  g'a<-l«  a*a*a,  I'avati.g  at  •'jnos;;i*«'*-  he  ghi  . 

pOl36  S»3  14144 

oaf;,e  . * a*-/.»i  a • ••  eo- , reie  e'eci-T;-*-»g-  « 

M.  na.*  i.-.*.  aua»*-.i.  • st#  i.024l  N7)  336.  > 

e - *..r-  -a-ja  -.n  p0*45  S74  '3649 

f*U.  I ' i^-.-a-i-  1- *an..  ;i  , jHa.p  • .ne  r j-.i, 


WCIOHTUSSNttt  SIMULATION 

Mofiser.  e^e  rnosemer'it  dui.'ig  vanout  lo'nsf  ol  •■‘■*•41 

4Cceie;4[ioii  4nd  eieighiiei  vtett  I'c  . : v.  . *:agn>c^-epb.^ 

■•co'O  *sgk  ol  isun-4n  *i*!j  liyt  -e^ponses  10  g'e«iiiaio«':  a' 
cond-iook  pC1C79  N74  20747 

WtLOtO  JOINTS 

Nundcki‘-ciiv«  ««»ik  a-sd  ih*.i  4ppii.4i-0'  Ip'  intpectm 
ol  edhesra*  hooded  ti*u-tu>ei  Melded  fo.nis  eng  i.veied 
01  boned  pvniv  tOl97  N72  19642 

Mik'uvi'i-sia>e  ard  si'ess  uviosior  beb4vo<  o'  welded 

steel  .o.nts  p0286  N72  2 I9l0 

fe-  a-e  o'  welded  |0  .>is  ,n  1.  Ai  S**  4-pf>4  iyO«  4'oy>  - 
C04  »4poi  p0289  N72  2 1929 

WeSTLANO  A'ftCRAPT 

light  lists  ol  WisHai'i*  Soul  hel-cople-  lilted  wnh 
ledo.ed  vrair  »e's  0'>  ol  - g>d  'oioi  to  deie-'n-ioe  4:  worih. 
ness  and  handling  ch4(ecie>.sh..s  p004  7 N73  2 10I7 

we  TT  ABILITY 

PfsoioellsIiC  oeisu'enieM  ol  n>onolii|me  ■!  welling  b, 

lenslo'Cing  -es  n»  r.l  composila  n'4ie"ais 

p0208  N72  12506 

WHIPLASH  INJURICS 

Il-.-ee  p'l  iiaie  >..e.,-es  <•  le  .}<.  i-y  »-.n  ya-  *.  1 | , es 

-n0O99  S;?  ly  1 2 ’ 

WHISKCR  COMPOSITES 

Appi  i4t-;.  . o!  d e.tio  a t 4i  - d i-ed  aj*e«  - %s  lo  les  - 

4‘*0  1 ol’Sl'i  t-O'i  c. ' gas  •■.  b'T«  enym-  - « 

r02l2  N73  2 749J 

D -e.-iiO'  J'  yo'ei  I., 41.0  * ol  ejiei-  -‘C  a iofs  and  app'>,.aiio 
t«i  tu  b 'le  blades  ai-d  ga . i-jibi  e any  sp  ~-yo'e'  i s 

.n02l  1 -S,  3 ? 7494 
A^-pii.a:  of  gijss  a -.i  i.a  5o  iibe  -e  n'o-  .e-T  >|i  . ui  r . 

Iti*  «;as  i-j’iiine  ni.'^  ne  : oir.(  j;-eni'  to  (i|.*^'aia  t»  g-. 
leiT'k  e'#'u  e a-.,.-,  • r-en-s  p(j2 '3  N?3  2 ?495 

WIDEBAND  COMMUNICATION 

Ticpsivpne  i<  thj  atie'isho  a-'d  the-'  eMes  1 -.  o • e'a . 1 
4gn«i.,  W4.4  p’c;>4gat  •>'<  4h-:  tad*o  v y a'  i'4n-.n..vsio 
|AQARl)CP707'PTll  p01l4N71?i  409 

irr.yioved  I'opusphe'ii  wave  p<upiyaic  - ly  •-■M4-, 
4pp*.  41'Ons  1.0114  N7l  2'410 

Si  ji.m-  ai  eva>  'ai'<m  i>'  lad  ^ ■ 4us*'d  i>f  i-  ie  modaiai-u 
•n  St!  tibiite-J  ’oirg  wa.t  h cadbj  .,1  pibpaoii  -5'* 

ICStl  ST  ( 51  APM  1,  tiOl  I 7 S7  I 2 1433 

W'daba'-d  ia<’.al  vaiei.-  - . ■ n M.-><.aiir>i.s  'iv'e-Ts 

-iSii-g  (V>b04  -d  pn.  a>>i  y i 1 3 .>  f J 7 3 1Q202 

WIND  (MeieOROLOGr; 

ftruewnldeieandpiel.l  ><■  ieshnn,..-ev  I©-  w.nd  p'otilr-. 

>-n  ^ s.p.f*  • ,sSk.ii-i  *n  \i,i**r-4iv  n* 

4 a','  . ai  - r-ieis  jni  -a  . . lai y p ••  ed-i-as 

(.0057  N74  1 7 724 

WIND  lEEICTS 

P--  t.lfn-  n the  Sirr  i.laliC'  I nl  4linoS;.he*«  Ixichda-',  '4|. 
Towv  i>a'..  al  w iixd  e.<>  -p- -re-d  «>  a’l-’ijst'-fs  bs.-jnda--* 
i4»e<  ls)i  ae-jspair  and  .le-o'-a  iii'ai  ac.cina'-r- 

1.005  : S74  1 7 / g,' 

Pa.-aw  ol  deia  t->  1 p»e-1  *«;*ie,rin  |i  es  lo  w.nd  i.'uha 
a<0u ‘d  ns.ti.n.ade  tu'ia.e  o'.ni -u*.*  j -.  scTi->aiv  o' 
a''»l»l  X 4'  »>--a-leis  and  C4  'siaii-.  >4l  p- . ed-i-as 

p0067  N74  17??4 

WIND  PRESSUftf 

(Ha.  IV  o’  f)  lo-x  es  a*-,  da*"  •;  e,w  i a i 

«s*  a,.a  «i:>Af  t O«02  N72  »9141 

Pe  lo'd-ia  V 'f.is  cl  l"0iav'i«*  -I,i>i.r*.g  If.  rtaiamv  • ». 
a flee!  • e • aga  > .1  an  'a'a  vl  .liiimg  f igh  i.pa.l  ei-  i i/i. 

I O '.02  S/2  I;#  14  ; 

Tia.e:  ng  .o  .ovp'  em.  i:.s‘.iit).i  ve  yone'si  Oy 
a.ve  01  vii>'4n.  1O13I1  N73  >4  14- 

WIND  PROFILES 

ftp.-rw-b'ilaI4..'*lp'P'!i-|.o*'''-t-  - .-.asli-'w  -Ii.-'it'K 
a u.  d n-4  --.laxle  mi  !#■  p ubs’*,,  1 a-y 

4 :4l>hS4l  .ne'S  jn  I s4  -.s'kluJ  p'  • a-I-. 

I ;>•'•;  ' 7 4 1 ■ 7 J 4 

WIND  TUNNEL  APPARATUS 

Pa  |l.•fn..•..,p  ■ ha'a- la- s'i-:s  ol  *'►1-1.  I-.  n-ba 


pC-150  S-7  4 •*  ; 11 


I NA5A  TM  * 674  191 
A.  ai.s-s  1.1  la.  • f. 
'.*•  ra.f  -y  . STUI  -1 
A )l,  x-s  |.  f.|  a -iv 

:*..  - , ji  • ir.-,«*:i  411 

iM.AMO  H 5-;)'l 

A jl,v  ■ d 


Ob  e>  liya.  ol  i1,iia>in  la-.l-. 
a-  cj  '0  .*  I ; .e\  I.  ■■•a.'  • - V, 


fX)18  '.73  .•.'95- 


, -Jl  S '1  26  23'' 


li-..'  M 1.73  /•■?*. 


, I-  .ai  .1  ■ 

> n ‘17 1 ?»  244 


WARES 

T-^'bua-i|  la.  iid4-(  la»a- 


I Af,-.H0  fjp  931  p01  7b  s 7?  20.'  73 

WAU  FLOW 

A-'jARO  /ep>a  l -/-I  »‘iy  e t -p*  ).  a 1 ila-la-e  ; a a I wa  1 


I AGARf)  Aft  16  1 1 

I-.  I.  I'e-  • ta.  J'  la'  I 14  I a. 

9ii>M  «.  dN'-aa-'-w  vp.-ii 

••  'J  hiifi  ria-  I 1“.  . da-  ( I4ya 


pr->;  J S7 1 3640',* 


pO  I 7b  ’?  )(}?  ?b 


liO-  7b  S-72  202  7 / 


a|af»-;  -j  - ai  -Ml* 

1-014/  S;i  >f,' 


A\  a-.-.  Ill  1,'  ••  a .i  f .a  a .i-'p 
|.a-ln-  -lan-  1 ....  I .1-'  4 -■  -a'-  . 4 

5i  . J I- .p  ieie  e al'».  is  . a'!» 


-•.11  ». ; ■> 

>-  a*  -I  diu.  :*  >11.1 


( •;!  74  *.  74  1698b 
-.  a I.  ■ . ai  .yslai* 

■ AS  tlj.l  '•  1.1-  ill-plf- 

I 7-1  •,  • 1 'hq-li- 

- i.,iw  . a»i1-. 

;.•>!  7 1 N74  n99  I 


m 


WIND  TUNNEL  ORIVEe 

WIHO  TUNNIlOMIV<« 

Som«  c«rwi^»t«n»  ol  (u\  •««  tow  ipood  lunfl«li  for 

fgrop*  dOI73  N74  16988 

pro|»'i  of  • to  9*  Curopoon  ■(•n«oo<c  tmtMrtog  Tiib* 

w,.v4,«nool  p01  74  N74  16989 

TTn  oowotopmom  of  on  •ffcwnt  ocono^rttc*!  rftiom 
for  rh*  gonwMiOr  of  qw>«t  lr«r\«orwc  AOWt  fuilMf*  tor  moatl 
lOMinq  •(  R0V**O^>  r>«ml)#f  p0174  N74  16990 

Tho  lOiocior  drT^wt  tunrwt  ©0174  N74  16991 

fOOMw*  tor  Mrod^rruc  tMtmg  •(  hvPOr«©n<  KMfdf 
pOl74  N74  16933 

WIND  TUMNfi  MOOCUk 

W>o4  lurv4  (Otis  wflh  umdoiioo  of  t»0pl«r>« 
onco  on  CurOpOOO  OirbuA  rnodofo  pO004  N7I-19374 

PfWtOQ'apNc  rocorr^ng  of  Mroffynomic  in1trf«’(>nc*  ‘r> 

Wind  lunn«l  «imul«t«n  of  |«lli«orWd  dro©  lOO^  from 
*,,cri6  ©0005  N71  19378 

The**  Anwr*ror%*<  lotting  of  h*gt»  1'tl  dOviCO  modof* 

p0026  N71  20CT57 
ConforOftCO  on  ihoorolcil  motnodt  trtO  wind  lunnti 
fOc4<tiOt  lor  Itonaonic  oorodyriomic  (Mlir>9  of  •i-crott  tt 
nrgh  R«vf«ol4to  numtWit 

lAOAOO  CP  »3  7 1|  pOOH  N72  "SS* 

Flow  mod«l  tor  «nock  wdur«d  loodtng  odg*  titntonic 
Mow  (urtHilonca  «r«j  ■#!'  »op«'«l'on  in  low  t©«*d  lit"  of 

•.dort  ©001 1 N72  nesa 

FmwOiIiIv  of  I'anionic  wmd  tgnn#(  lotting  of  l0'9«  cord 
twO©t  wing  DOrwf  modol  for  timuloting  wmg  shock  kXStron 
•t  6i^t  Rtyr^dt  numbor 

[NASA  TM  X 67414)  pOO:  j N7  2 1 1070 

Wind  lunrwl  model  Oogndorv  l«v«'  l•ducl»on  Ihrowgh 
SuClon  for  OCCU'SI*  iirru'tt»on  of  high  0*»nokh  numbt' 
fyll  If tft  aircnh  chS'SClOnsK*  ©0014  N72  1 1075 

Mflf^dt  for  solving  «ngin«  sirpl#n«  mtcrlsrinca  jnd  ni'l 
COriaCtiOni  in  lisnson<  wind  '.gnrw'  tOS'S  for  P-Mrcting 
•OioOrnamic  padorrTiineo  of  Siiplsno  dos  gn 

p00l4  K72  1 107  7 
S©OCif<|IOni  lor  high  Poynoldt  nymbt'  wnd  lunnti 
dosrgn  lor  flow  s<m«/isiion  in  sw«©(  wmg  s-rcrsfi  d«v«ioo 
m«nt  (ostl  ©00.'-  h72  11883 

T«shSon<  wind  turvnol  modal  moss«r«/Tv#nlt  ol  boHti 
iQsdt  «rMj  boundanai  ai  vs:«ui  twaao  and  at©a<.t  rsiio 
wng  root!  ©0016^72  11086 

T'tntonic  wind  Igr'oal  dovgn  for  model  latimg  «|  high 
Reynold*  ngmoar  ©001 6 N 7 2- 1 1 88  7 

(r^g<r>a  firpiana  miadaranca  coi'ecicnt  m c«icuiaiinj 
modal  aicciafi  parlormanea  horn  wind  lun-^l  i«$i  data 

©0037  N72  2701  7 
Wind  tunrwl  last  'Ogjiramanis  fo>  timuiaimg  noffle 
©4rsmai6<>  and  nofiia  airframe  miadarenca  cna'aciaiit 
,.A,  ©0037  N72  27021 

4r©ifc.»iior.  of  broeWage  cc  lacinn  lo  wd  I'lnn#' 

lati  rrwas.  'emenis  on  aiicafi  models  p0042  N73  15006 
Oavaiogmo  i of  advancing  cfada  coni-api  «o'arv  w.r.g 
and  wind  lunrv  ■ :tf((  ol  full  scaia  modal 

©0046  N73  21029 
W'ftd  ivmvw'  ia»i»  to  daiermine  efiacu  of  h'ada  iwitt 
»ixl  MioalatKC'lY  on  MM  rotor  ©arformenca  Irom  hove'  Id 
rTfch  number  0 7 pO05 ' ^73  210^9 

Wirsd  lunnal  latll  lO  date'rr-ne  affacit  ol  r.onrolalmg 
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COKiAlCM.  P 

A..;-afl  n«a»s  £>0053  N73  ^4047 

COKMKK  P J 

Spaua-  co"tiai-oo  > t a-j'o^ai  >a<^<o  aCno'piror- 

pOi29  N 72  3 1 146 

COKNFORO  S G 

ru>b..'«r;»  4l  : .odium  a^O  ^>lg^  I ght  'avals 

d00S7  N74  17721 

COMSCT.  M 

PiGA  A:ca  a*aiiO''  i«»i»  o'’  vri-cai  ^OG  3 f-a-ii  loMa 
p0236  N74  14347 

COSTS.  J 
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a :'afl  tfUrn.t  pC'C66  N73  19053 
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COUSINS.  I 0 
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a-aifS-s  ra-i'*  rO‘»3N;i  19b3f. 
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COUtTEIX  J 
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CAOCHET  M 
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p02  Id  N74  14233 
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CUNNINGHAM  W F 

PsfC*ioc '•fSMii'.g  • a i ii  a '.Ji  lai'iO'v  aJlatt  y 
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OAM0AA  F 
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OAUAIA  G 

Propagai  ui>  affects  c-i  a va-iabia  scauer  n-yt^hfi-  %n\ 
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DAVID  O 
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pJ14:  N73  76.43 
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tor*!:  njiKjr  pnhji  cO'.OVin^  p02O3  N73  236l> 
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Ry  ngn  ».ng  tfwy.-  d-n'enS'Onj  ob,*  is  by  '.^ai«  s '>ouai 
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OAT  C f< 
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Ml-  .owaft  alia  i„eiici'  n>aa-.v'e.T«  its  us  -g  i.sa  ATS  5 
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'ixw  , d s-a'ly.-  y-.oils  pOM3  f»  *.54 

DEAN  C C 

t ipy  imai  :a,  -i  -ithoOs  lO'  .cmpos  ie  r*  In  j 
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dean  p j 

Iho  human  Ikio.  m 4.;«.>ali  a.ii«l*"l  paim.ni 
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DEAN  R K 

In-  ..-la-'.*  C .lyi  ..  .-1  I*:  •i;i  u a fSiS  o'  i.i'ni  4-  dan-  . 
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DEBkRNARDIS  E 
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* • .:v09:  N7  I 22309 

Dt'.f  UE5  J L 
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DE  CKf  R R M 
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P'OOoM'l  nt«ihOvl  p0080  N73  2l  3 lO 

o<  O''  r«>«b(ai  t>k>od  noM  p4ii*>iii  ir  ih« 

ofc«i  a<'d  no  < smokei  p0062  N 73  2 ■ > 

OCMARtAffS  V A 

0«  'iva'-cn  oi  • A.dr  a >04  r ’'O  ‘ 'o>.  «■>'.-)  < apat-i'') « u\  ' g 
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I'-' .*•  ;e  o*  :.«OTx:'e»’»  'I'ee  <a‘1ca:^  -i~d  i'^'  L'fo'*>  ..r. 

d *'yi-C«-  p02 S3  N 73  ) ' 6a 4 

OEPAUL  M V 

A ifui  k;j'!  ,*ced  ;i  ;»■  ir.  > «t>pie  iio«ti 

p0O4l  N73  t6003 
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P«0P*9«'>on  «H«ei«  on  Hi  rWM't 

p0O9  A72  2 ' 42 

lull  «>*««  Ct'.wftl^ont  ol  otocl'on  <Mr>vtv  pC'lu'tM;  ur» 
C«u««tt  try  Al)V«<non4><  8>««  ty  «««>«  in  |i%«  12  ••>«> 

0008  N73  I4U) 
A oh«r>omf  oQlog  v<-  •nvMii^i>Oi'  O'  t'^^*‘r****  <nd 
tpvct'4  of  ')ic«<iy  «•«>•«  IIS-H7N72  14  149 

Spfn4  4**ai  f 4t'no«0^«'<  0'4«'lr  HAT**  on 

• ('•TMoutijr-  2 p;,rM  oC  1 19  N73  14184 

MAX  8U4NCK  IhSTITUt  FUtA 
AXailTtAXTiiniOilll  OONTMUNO  <w«8r 
0IAM4MT) 

An  pioctio  hydi^K  «y»(4<Tt  <oi  « 'nuUfipnt  o'  coM<4.00t 
pOI03  N72  18')2 

S<«4*4  f'0>(«l  COh.;.-nn«  '•bulling  <A(u<i*t  akilh  «<x! 

»<inoui  ••ll'«axng  1 v4  •*.' O O'i? 

MAJI  8tAMC«  lAfTnur  FUt«  AMT8i8AUtCMk 
CHiMtC.  00m«0f  N IVVI8T  Of  AWANTI 

Gono  ai  «»o*ct«  of  hipn  l•'no•(•lw<•  CO  •<,>»«*•  ut 
•t<sK'w<«i  p020i  N73  23)98 

MAX  AiAACK  IA8TITUT  FUCA  AIA8MAFHV8IK 
OAACNIAO  (WIBT  Of  AMANT) 

Um  of  Og^'conAKlO'4  fO'  pv^Md  «ip4-<m«K>U  <o  p(4><^4 
P^r««c•  o0083  N73  19033 

MAX  ALANCA  lAfTlTUT  FUf  A AtA8MAAHT8lX 
MUNICN  (Wf  8T  OCAMANV) 

L4M'  A 1^1  M>u<c4  fo>  High  og'^pny 

p0200  N/2  2))04 

MAVO  CUNIC.  AOCMf  $Tf  A MINN 

of  pOkitrv*  Gy  4C(H4<41-On  u>'  VVrCi 

tO'u'twn  onrl  pk«wi«i  p'«y*u>4  <n  dwgt 

b<««lhing  l.iii  B.i  ib«-i  i.qw'<l  noO'OC4‘DO»  in  a ImtIt 

«y«f«(  i«r-m«rBiun  •rtp'iin' 

(NASA  CX  117)991  pOO60  N7  1 203)0 

MCOONNIU  AIACAAFT  CO  8T  iOUIt  MO 

( «»lu«ii(K<  o'  in«  pi  edi(  i«^  ' of  I p'«M«  MO'i  • 

1^  !.»•<.  iMAm.  oOOO)N7l  1938  ) 

Tfcn-Ii3uf>  O*  iali«pil  'y  oyinT^BIiOn  im  ln'l-rg 

t*  :i,i«  •M»r  I «lyti4  ■(•'■u'a  i.on*«.}ii«rH  #■ 

PO109  N7  1 36 '7  7 

I Noi l-««rioy\  of  '«ivt>'filr  piogiarn 

pC109  N7  » 36  7 79 
np*  «iiOn«’  'oo*if1*‘j|iOi.*  4«V1  m^n  laifKjr-.fip 
lo  i’i4  '•\t  proro^f  pO  190  N 7 f 36  78) 

S|i-^lui«l  l«lip'i«  J"!!*!'-.  Jfwj  lOYliny  lo'  fiyb;»»  .1  <• 

«*»1  f4X)60  S74  196)) 

MCOONNtLl  OOUQLA0  A0TAONAUTIC8  CO 
HUNTINGTON  8IACH  CAUF 

AdfOni  yofut'On*  («■  n|*«.#pi  9..  1«im  ^ 

P0726  N/;  ?/'>P4 

Oof"' /ti-o.  p02?6  N7;  ?7<.0», 

Mi«-  p022AN7;  2/f'08 

MCGHl  UNIV  MONTACAt  'OUltIC) 

Apptii  •t^ii  vl  ♦'■yha  'Stlt-  ‘l4li  It!  P'  • 

Qu*»l*«>'‘ \ pO'l4  7i7l  2*1  >6 

X*in  fp'  ytirx*  10  ' •«/ 

1. 1, -r.  1*1.  j*,.K  ■*■.■••  Is  pf-l47H/3  26■3^ 

Nytl4gnVKJ'*L>'-r  A uv»(..i  to--l  m Iaa-'  « •'!  «i.|  ‘ a 1 
pO*O0S  74  70'4I 

Mt88f  OfCHMirr  AOIlKOW  G M • H MUNICH 
(VVftT  Of  AMANVr 

Oo«»n<N#«n  i-is  rtngiiion^  of  i«  ' . o* 

rionri?  N / « 19  iftO 
V STOl  ,■  ..»•  Vm»  p(O30  N71  23426 

PulM  1*1  #o«)  • toil'  • o'  ••g»  I'  • [n  «i» 

UO  |*  P-jfy«  IUlll-1#  iMill.lMjl  . I.  I Hi#  w. 

p/>^S  I i \<i  ,4  ! 

Mf 0ff AiCHMi'T  OOCLKOWGM8H  0TT08AUNN 
(W18T  Of  AMANT) 

l-  llu^'  o'  « < •■  h«'  ■ • li):*--  g-  J i'l  nc  * I 

liy  (.4/7)0  U 74  I 7 '36 


M8l8rA8CHMtr?  8001X0X8  AiOMM  OMAN 
HAMOuAO  (XXt8T  OtAMANY) 

Opi.muHfon  «n<t  PtHgn  «t  rvMf*9*  of  Ibo  A 

300  8 4>«'»f1  *l*uclo>*  p0298  N74  I)«I4 

80f  8MA8CM«lirT  OOtlAOXV  •tOMHA  O M • H 
MUNICH  IXtff IT  QIA80ANVI 

OpO'4l«on«l  p Owing  of  OotomMtf  f1^)M  .OOKof  >ytl*<*si 
fo>  V 8TOL  I^*v  pO028  N7l  2341) 

Somp  'OCtTM  mwMltgAIAnB  «n  A\.  It«<  tr-  »>i8oon«:  4u«w 
<4o»*d  Oy  lOtarltiBnco  pp'OOyn^mn.  *o«C*t  Dofwoon  m >y 
4ni  I4>i  of  4 «9>  4M«  tfOOA04i«  4>'f<«hp0009  N7  I 2834) 
IN.rsd  (%.nn«4  mwt^aggt-cnft  gf  « W lOiMin-s.  *•<  aM#4«  *.th 

wA'iout  •m»i4.«/v  >fsio4*\  *1  kc«w  w4OiHp0267  N72  187  *8 
1^  of  4 ^444  Hf^tnj<isl4-  pOI92  N/2  18494 
Sgl«llil«  IHnw  •y«t«ns  pOl92  N7?  184X0 

A m«|rvjO  of  myn  yfcy^ty  . oninp  ky«i^<'‘  *«••«  4i>or> 

p0224  N72  22629 

Nuyyt*  4xl>4^  lAtoito'oni  • *na  •t(«g<4id)n 

p0037  N72  27020 

\ S'OL  *V4niPtAg  g»>4<ii**  i.  >•l•>»4  < onip4>OTS  «M(f>  AgM 

lotl  'OVjftW  of  1^  V SfOi  \wCM>4.>n«  f-glMO*  VJ  lOlC 
NXI  ITN  V SfOC  l>«n4tJO‘l  Oi‘  :*4f1  00  3 *( 

pO039  N72  32024 

O I0t6<0«0gy  4%  •ftv4li4l«f1  n 4n  4<*w4rH4<1 

ap4-4l<on«f  4414  »rtt«n  p0l9)  N/3  '04)7 

Mf  ttt  AiCMMirr  800 lAOXY  ALOHM  0 M A H 
OrrOAAUNN  (XYtAT  QIAMAMV) 

Op4*'n«/o<iOnot  6.gM  coniiQl  c .icApIvfO' 

fMi  op14>«  wiff*  4i>  ««4i*'«>  « opolH-f,  PU030  N7  2 119*7 
Fo«»«<4<1  (ontiof*  •nftopnc*  ijn  lUtHily  4' 4 'n*r.«wv«<*b 
wa,  p004)  N7)  17<X« 

I ittuorta  o'  4'4«ti  COv^' ng  •f*Orl«  on  |tio  tsant)!.  sg 
Ou4lilHk  of  4 fwogaMka  -oloi  ^4<<f>OI4< 

p0047  N71  21016 

So'n*  ««p«ci«  of  444-a  - of  >oio>  4-*fo*l 

p00)»  N7)  2104) 

Son>«  obf*clni«%  m 4pp*ying  h.ngttoM  i.i(o*«  In  rwri^Op 
!•>«  4n<]  V STOl  •.•'.•4fl«  pOOSt  N73  210)1 

04««  4y''4n»(t  of  lotott  (.nrsHol  and  t<40ifiry  Of  <0<4‘> 
•r.i'g  4>«<*4'*  4« • odyn« < 4nd  dyn4nw  t of  aJwanteil 
>0M'Y  ••'<‘8  conf.gs,.«lon«  pO0 1 7 N 7 3 2 29)  1 

P4(4<TW«*  < t'Vndy  •04)  aplimroliQi  pi«l-'TSin«ry  >*i»c1-on 

of  'onl.g(j  4IOn  piotolyp*  Oaiign  •■S4l  <«s4nvf*stw-« 

p0018  N73  229)8 

*(KX<4lMX>  Of  (ompniit*  m4l«U4:\  fo>  44<ON>4<-4  fl-xi 

loa*  o02n  N73  27402 

lo4<H  (••40<t.OA  m«thopt  lo-  n.-sgolotk  >0(0'  h«lcop 
tvy  pOOSe  N74  1091) 

P.Ct)f«n.t  of  •y|.m4l.ng  in«  d>4^  Of  4 b*l«.Opt*' 

p0019  N74  147  1 ) 

MCTfOAO'.OOlCAi  OFFiCf  AAACKNfii  UNOUNOt 

fuibuin  K4  41  iTiodKjm  and  6*96  0>^l  N.-4U 

p00)7  N74  1 772  1 

MfTfOAClOOiCAi  OFFICC  lOT  AAlT  7 

Nil'OO*"  OI«Nk  np(l«4<  w«4pon  l«»l>ny  <oncO>44  4->d 
H«HOypri4«<  Ofon«  p02l7  N74  142  7) 

MIAMI  UNIV  OIFOAO  OHIO 

of  tOO'd  on  lb«  Wklibwl*'  tyiltd' 

p0109  N74  2074) 

MICHIGAN  tTATf  UNIV  CAST  LAN0INO 

Con(rc<t«CHi>rv  4n<1  •iHwtpti'iy  of  iH«  ««4v«  p>i>p«g«l  i>» 
■»•  l‘no04C''4'4  pOI  ’9  N7I  7 3'162 

*••  tn/‘«nc«  4<  (J  <«f>4-I.Vilt  < ^4ng4\  4*1  Ir^''  MM  <>g 
0is*<1  Vpi'x  «f^  #.4¥«  Ibeoiy 

lKM2)  N7?  1)1  -6 

MICMIOAN  UNIV  ANN  AAAOA 

U4--  y ' .*>|»4  •••■»  n'  fo'  #V  •■»  I#  • np*  I 

4.0099  N72  -9  2) 

6>Oma<.n4r.<\  o«  l•4;•#n|  gno  .n  pa<  i 

Iffi  » p0l-?3  N’2  '9')6 

I pio  »*<rw  . WM***  1'  •**  i »4-.n  r»oi«i.#i  d#N-g-' 

^^>•>4  N72  19161 

Si'iKl./  4 of  f‘F  «•»  mV  H M*aH  • 44*  l»  < <»#' 

tio;  7S  N72  202  /) 
f •4-#f.n  ■ .riiPU'x-'*.  iiOilS  N72  2)4-m 

( na<a<  i#>iv(-i  uf  ii*.-  ¥•  ••nKm 

4.0199  N72  2)S-K7 

MIOOLf  f AST  TfCHNlCAl  UN'V  ANXAAA 
iTuAK(r) 

4 (If ill.-  •'•<><1  •>■  >.-••■<>^1#  >-,•  . t*  . I#<  **•  • !•■#  •••  I#!-  4 • 

\«a  - «-02  V 7 4 1 S6**  J 

MiOWftT  Af  ff  AACH  IN8T  XAN8A8  CITv  MO 

Ma>  1S4*  \ • li»l  •)  # . » * #-•-#•-•  ^1  ••«  #•!  ••  *I4'\ 

|/)2')0  N72  12)  >4 

MILITAAY  fCHOOl  OF  AVIATION  MfOfCiNf  AOMI 

IIIAITI 

R .My'- • w ‘ ■•lia^  rs 

.-•4-IS  S ' I .*114  1 

MlNlfTAV  OF  OI»fNCf  iWC  01  GiAVANVl 

It#  n.  y»'#>  A . #1  • '•-  "—w  . 

yfl.  r ..I'  >,  N < 2 If- ' *• 

MINISTAV  OF  OfFINCf  iONOON  If  J0LAN07 

. ‘,1U  - I'..  *:,:0  V.'*  ' #sx  • x «•— < 

■ r»  1-0  'A  0-4..-I..X  N/i  234.-' 

» SI  )',  •^^.:t,x  li.  ai-H  ••!•»•  a*  ' 'a--i-  g 

lK7/24  S-*2  /2T.12 


"»•  l»'"  •"  • ' I • 

t *.  I f .■  a»  # ,#•- 

S(  t ■*  X'  Mn.  • 
lAl.AHD  -SM  )6, 
Iv.  r.i  ..  .1  f.».  . 


I-X'S/  *il  J 24'-.4  I 
f ..  1 r, V p«.  -I 

4-W  1 6 N 7 4 1 09  iS 

t'XM9  VM  147'U 


l-OV.S  N74  2 »l.‘) 


84INI8TAT  OF  lOUCATlON  AND 

ACKNC80  OOCUMfNTATlOfX  OlAAATMfNT  THi 

HACUC  iNITHIALANOfl 

f'a.n.ng  o*  p4>M)nn«l  ip  man  ift*  »a'«u4  p4dx  of  a-> 
inlOirTx«|*K'  C»nt>«  pno  ip  op««ai«  va'>ou«  k.nOa  pf  v«nr«e 
OO1)0  N73  2420) 

MINI0TAT  OF  TtCHNOiOOV  iONOON  (f  NOlANOi 
4«  a l4£tOf  >n  laia'  44c>4*n(»  mvoK..^  <>*•! 
l'«n»pDO  p0O30  N7l  2343* 

M1NI8TAT  OF  TfCHNOlOOV  OAFINOTON 
ifNOiANO) 

S*l*<.l<w  Q.tiam'nt'O''  O*  -nloimat  jn  A 4ytl«n. 

• * p030l  N7I  23806 

MINNfAUlA  UNIV  MINNtAAOUt 

f.iys  «>is  *nf«t  non  iniowpn  f«ofp* 

(NASA  CA  1183781  p02)9  N7 1 I 7 388 

P-44t«4  O'ObNn'k  •■>  <l>n..«l  n,  al4|)m  ogi4pn*  ! 
OuxN>iii««  *i'  aA*4si>on  ^1  agw'pnxant  p0108  S74  20734 

MIA8lfC:NAI  8TATI  UNIV  tTATf  COiVfOf 

fK«  l\4n<F-ng  puai'IAt  '•Qvi>**<1  kn  44*4  OyM'IKOn  pt  «.ngl# 
•o^na  bOkinOary  iiytr  .oniio''td  4>'C'4fl  <n  16>  STOl 
'V'Ortc  p0028  N7I  23419 

MiTAf  COAF  ACOFOAO  MA88 

A rs4"1«^i'9l  *4«t  t'4i  \lo>n  n.giia' 

P>0(a4*u>  (i0132  N73  1UI96 

D*"v4i«  ' o<  • wida  •'•■apmii  O'.  k>  ai«n ..  apa^i.iT  ut'^-g 
4 1y*  .fs'on  /a<1  1 m#  |)iwi«-.»i  mul’KjIt  4.  ■ 4%%  C jmiTSu  H 41^'- 

»ywe-i  .?0234  N73  2 3 7 » * 

A p'4cli<  41  Oa^ign  of  *•■  iCNl  «y«ic>n 

p0236  N73  23  720 
Fi.ipagat  On  pi  ‘)6  31  2C»Hiafvi4)  90GH/ . on«'a*' 

'■pn*  i>4'<x  t-314*  N73  2t«i3i 

MONSANTO  8|8<A8CN  COAF  DAYTON  OHIO 

Ah''i4I“’*'  of  analyin  a*  ta-  Sn,4ua\  lO'  1^#  4nj'(4.X  C-* 
a.hkiiway  4'<l  coni4m.'.ani«  .<>  adv4n<4d  nyd'oca-bo- 

• y4K  p02S'  N72  1 1873 

MONTICATiNf  f O18ON  8 F A MILAN  llTALT) 

Inla9'4lf1  cN*<k0s1  *0'  Vp4x4  tunch^.y  *0  1 

4 x'jh  tyylan.4  p0l9<  N72  19409 

Cc.-«Ml4i*i.ony  -44  if>ny»|ym  Ip’  ''4''<#  'ig  conurarwls 
4nd  siimw'i  <o<  4.-  ' lagiai#!)  4 >d  aui-jir-41'-  1 Nk  k Oul  nl 
%4M'>  '4«-sSa.x  p0‘9‘  972  19490 

MOTOA  1NOU0TAV  AfAfANCH  A88OCIATION 
IINOUV  ICNOLANOI 

Da  Sfit*  tafiv’r  »t'P4  i i*%>  ^ -MipOIO)  N72  I9D4 
MOTOAIN  UNO  TUAaiNiN  UNION  MUlMCHfN 
OMAN  (VXY81  OfAMANVl 

fMv»«on  i.o''ng  o'  i<i't)>na  biaday  o02)8  H7l  1 730? 

Aa-oOyn4m.(>  ,>l  th[,si  iaT«'V4'  Orx'p'x 

p\.i(o4  Hi  i I oea  . 
( l!'4  • o I of  Fg*><’4'y  |>Ow«»4'  ''ons  4 ft'441'  ng  pn  -Okj-yio  . 
»y*t»niv  1OO6S  N73  I90)'2 

Ar  a'-  -a'  akO’r4<'6  lo  tna  l»sx  an.i  -Vl'N  • on  b4'>a*n'<  - 
ol  'aX4d#x  ,ii  lignyon  lioww  .1  (lifting  a»-a'  O'axy  f'y^wi 
W--  nn  p0268  S73  IVAOD 

It-r  <(>fii><  '»  a O*  4 •■4'  »#  -lanyil , M'wx  ;...«•»#  k'#yx.- 

t*Kd<1*  p*  lo""4''Ce  m xO'T'p«''»V=0ie  lo*. 

(>0269  973  1980 
A 4kgl4i>on  ral6o«1  lo'  0-4  aalO'  >4*  644)  ('4"-ti4>  <• 

.g.b-  • 1.14. Vi  p0269  N73  1900’ 

(-  '4-  hr  4 myn  nw-lii  >.  ■ dnO'  lM>nal  xohil.f.  4l«}n  Sigal. 

on  I?  #■•  u'*'  '•.»■  ii  hiiiyi-a‘l4n  i>02  * 3 N73  2 7494 

(i’4'jsl  mr  a'h‘4  '>4»1  X 1>'|  tir  G(  lt>4  * 

Jg-tH  i' '-n>  ' U'-^  (.0219  N74  14704. 

M0^0A0lA  :NC  FHOfNIK  AAl2 

A aw1<  I 'l4Xi  J • Xyx:4'Xi  Iqi  'a'g*  V 4*4  ini4g  al4  ' 

-I  gn.ii  • a!--..kx  (>0168  9 74  13933 

MOTOAOLA  INC  8C0T7BDAU  ANl2 

4 3r>  ,S-  r<ai  20  -t-M'itt  pO??S  S72  22640 

MOUNT  AU8U0N  At  tfAACH  A88OC1ATI8  INC 
NIFTTON  UFFkA  FAU8.  MAB0 

u,vx«-.  ..1  : w i-  1.  ^ SiT- 

pOI  3)  973  14  14  * 

MOUNT  01NA1  MIOICAl  AND  OmAOUATI  tCHOOlS 
NfIN  VONK 

y. v.ai  «4 .t.iiuia  iMia'a.  T*-^  s>a  •.*  .‘^^a  ial'y«-'*i'- 

• ' Ihr  (iin.1  I4>n  i>t  up|i>kii>at«  'lyklPg  n^y  a »l  ***' 

alia-  -.,»i4y-.-.%  pOl09  N74  20743 

MULLAAO  AaDIO  VAlVf  CO  LTD  AID  HILI 
If  nclandi 

{)#s-gi-  ••  .1  #va  - al'i..-  <•!  a C>l.Tn:  g.w'ai  a -lid 

1.0034  N/2  I »93<- 

MUUANO  A|9f  AACH  LA88  8ALF0A08 

lENCLANOI 

A -4xaa-  h awj-kai  x .-ayw  1 . ih*  li,'u-4  n*  •••‘i>>>.ai 
4art.  g ma  hi-i#x  (.016*  974  I&930 


N 


NANCT  UNIv  IFAANCII 

in.'-i»i  «-■  I*#  i'i  .x^.#  !x  •■•-  If#  x.--#xx‘-r'  api-'-.  aim  ■ 

I ■ ' ■ •4|#'|  -r  !■  »i  |<>  1 -nai  t X i"  ■ ...  ..>r1-  #X  ’ 

c .21*1  N 7 ? 7 ‘6  14 

NAF^fl  UNIV  MTALV) 

Pi  --1v'  I ->-■  III  * l|iO--x  mpial  i U'"P*>%-l#x  try  |i/i<wr1# 
-I.-I,.  I I-02I'>  N 7 3 2 74  7R 

NAIlONAAl  vuvhI  *h» 

AUIMTE  VAAATLA80AAT0AI0M  AM8T|  ADAM 
INCTMf  A1ANO81 

^ -ri#  ,0.  1^,)  .1  rra>i(i.l  ■#>  4*  g . Ml  laXIX  •-  >w  -'-■ 

t-.i-  -IX  l-'JO;  . 9 M 2l*C>‘l». 

M I-  -i»  ‘4>l.  ■•<!  " #aXii  - g l.n  #x  1.1  (.#-fi.iii 

Slat-  ‘ a<  y .•ax.iii*-.  #1,1%  n-  tia-xi.i-in  #.  d ‘ i-  --alx 
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<adA)i'  T.-'ro»id«-  pOOSS  N74  13789 
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oicno  calif 
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t«.  t p0?80  N7  3 23894 

SERVICE  Of  SANTI  DCS  ARMIES  TOULON 
(FRANCE) 

Sio'ugi.ai  e‘'y*it  cl  ‘Jf  f eietttr'*  avni*.  •ad-JfO'i 
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G ouftd  leiT’  nji  meat  I'Oment  fiementt  w "itetp*-.  1 
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SHELL  RESEARCH  ITD  CHE STER  (ENGLANDI 
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ROME  (ITALY) 

Thv  lad-afiv’i  lag'ar.y  pi  anie'-oat  use.’  • le'.etinai 
m.i.-..^a»e  n«  o'  tight  -?t;.'.x.s  pOM?  N 4 ’.3059 

SOClETA  )TAUANA  T|  U COMUNICAZIONI  SIEMENS 
SPA  MILAN  llTALT) 

Ci.'T.pjie  desij-.  ol  ej-a.  tii>.-e  ed^aii/a'  ~i. 

p3l67  7/74  13924 

SOCiETE  0 applications  DES  MACHINES 
MOTRICES  SA  ISSY  LE  S MOUIINE  AUX  (FRANCE ) 
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Accession fR€POftf  number  index 


p012% 

NI2 

101  19  « 

7«0 

8C0O0T 

NOM0CA  • 

qO>2& 

M72 

icna  « 

NO 

NUM6CA 

pOi2S 

N72 

101*7  4 

NASA  C9  120402  ! 

P012S 

N72 

10110  1 

HO 

9f  POAT 

N-JMOCA  : 

pOt26 

N?2 

10119  1 

NO 

AiPOAT  NUMACA  I 

p0203 

N72 

1M09  # 

AOAAO  CP  01  )1  j 
UDC  033097  1 

p0263 

N72 

16000  9 

NO 

acpoat 

NUM0CA  1 

P0763 

10007  9 

NO 

ACPOAT 

NUM0CA 

PO203 

N72 

10000  9 

NO 

AtPJAT 

NUMOCA 

t0263 

N?2 

16009  9 

NO 

A(PQAT 

NUMOCA 

(.0203 

»*72 

10090  4 

NO 

Af PQAT 

NUM6CA 

OO203 

N72 

■ 0091  4 

NO 

AtPOAT 

NUM0IA 

pO203 

N72 

10092  1 

NASA  ru 

X 07404 

p02M 

N72 

10043  4 

NO 

ACAOAr 

NUM0CA 

PO204 

N72 

10094  4 

NO 

Af  PORT 

NUMSCA 

p02M 

N72 

10099  1 

NO 

ACPOAT 

NUMACA 

P02M 

N72 

10096  4 

NO 

ACPOAT 

NUM8C  A 

P0264 

N72 

10097  t 

NO 

ACPOAT 

NUMP'  A 

P02M 

N72 

10090  4 

NASA  CA  129950  I 

DO20S 

N72 

10099  « 

NO 

ACPOAT 

NUMBC  A 

(r020S 

H72 

10  70:  9 

NO 

AfPQAT 

N(JM0CA 

O0J05 

N72 

10701  9 

NO 

ACPOAT 

NL  MOCA 

pO20S 

N72 

10702  1 

NO 

ACPOAT 

NUM8CR 

p026S 

HU 

10703  9 

NO 

ACPOAT 

NUMBCA 

oO20S 

HU 

•0704  9 

NO 

RCPOAl 

NUM0CA 

pO20S 

N72 

10709  9 

NO 

ACPOAT 

NUM8CA 

pO?0« 

N72 

10700  « 

NO 

AC  PQAT 

NUM8C  . 

PO200 

N7? 

10707  f 

NO 

ACPOAT 

NUMBC 

H3200 

N72 

10708  « 

NO 

ACPOAT 

NUM9EA 

OO200 

N72 

10709  9 

NASA  Tk4 

X 07499 

oO?00 

N72 

10710  9 

NO 

hcpoat 

NOMBCR 

po:e0 

HU 

10711  4 

NO 

ACPOAT 

NUMBCA 

dO200 

HU 

10712  1 

NO 

ACPOAT 

NUMBER 

PO207 

HU 

10713  1 

NO 

AC  PQAT 

NUMBC  A 

dO70  7 

HU 

10714  f 

NO 

ACPOAT 

NUMBCA 

O0267 

HU 

107IS  • 

NO 

ACPOAT 

NUMBCA 

d026  7 

N72 

10710  1 

NO 

ACPOAT 

NUMBCA 

o026) 

HU 

10717  1 

NO 

ACPOAT 

NUMBCA 

pO20  7 

N7  2 

10710  • 

NO 

ACPOAT 

NUMBCA 

00299 

N72 

10946  4 

AC4AN  IS  97 

00299 

HU 

10947  • 

NO 

ACPOAT 

NoMetA 

0O299 

HU 

1B940  4 

NO 

ACPOAl 

NUMBCA 

o0299 

HU 

10949  • 

NO 

ACPOAT 

NUMBCA 

0OO99 

N72 

19119  1 

aOaAO  CP  00  7 1 

o009« 

H72 

10170  9 

NO 

AC POAl 

NUMBCA 

pOO90 

N72 

19121  • 

NO 

AtPOAT 

NUMBCA 

(XAT9a 

Hit 

19 f 

■»o 

A < r A 1 

NvW3Co 

(0099 

HU 

<9123  4 

NO 

At^viAl 

NUM6C.V 

0OO99 

H72 

19124  1 

NO 

ACPQAr 

NUMBER 

oU099 

N72 

19P5  • 

NO 

Af POAl 

NUMBCA 

CO099 

N7; 

19126  4 

NO 

ACPOAT 

NUMBCR 

P0099 

HU 

19127  4 

NO 

ACPOAT 

NUMBCA 

C0099 

HU 

<9128  4 

NO 

ACPOAl 

NUMBER 

p0O99 

HU 

19129  4 

NO 

ACPOAT 

NUMBER 

»XX)99 

HU 

19130  1 

NO 

;:fPOAT 

NUMBER 

pOlOO 

N72 

19131  9 

NO 

ACPOAT 

NUMBER 

pOlOO 

N72 

19132  9 

NO 

AtPOAT 

NUMBER 

pOlOO 

N7? 

19133  9 

NO 

ACPOAT 

NUMBER 

pOlOO 

N77 

19134  t 

NO 

ACPOAT 

NUMBER 

pOiOO 

N7? 

19139  4 

NO 

AC  PUAI 

number 

Ot.  100 

N72 

19136  4 

NO 

ACPOAT 

NuMBE  R 

pO'Oi 

HU 

1913;  4 

NO 

AC  POAI 

NUMRE  R 

pOIOl 

HU 

19136  4 

NO 

AC  PORT 

NUMBE  R 

pOtOt 

HU 

19139  B 

AMAi 

TR  7 1 1 7 

pO'Oi 

H77 

19140  4 

NO 

At  PORI 

NuMBf  R 

pO'Oi 

H?7 

19141  • 

NO 

A( PQAT 

NuMBt  n 

pOlO* 

H77 

19142  « 

NO 

HC  PORT 

NUMRf  R 

pOlO? 

HU 

19U3  • 

NO 

AC  PORT 

NuMBE  R 

i/C:C2 

7l77 

13:54  4 

NO 

PI  PART 

pOlO? 

H77 

19149  • 

NO 

AC  POAT 

'•UM9!  R 

poto? 

H77 

19146  B 

NO 

AC  POAT 

NUMBC9 

yOI02 

H?7 

19147  § 

NO 

AC  PQAT 

NuMBF  R 

pOl</2 

H77 

■9148  • 

NO 

Af POAT 

NuMBC  R 

pO«02 

H77 

19149  4 

NO 

Af  PORT 

NUM9E  R 

P0103 

H77 

19190  * 

NO 

PORT 

NUMBER 

p0»03 

HJ7 

19191  • 

NO 

AE  PORT 

NUMBER 

p0»03 

H77 

I9i9?  B 

NO 

REPORT 

NUMBER 

p0«03 

H7J 

19193  B 

NO 

AF  PORI 

NUMBER 

c0»03 

H77 

19194  « 

NO 

AC  PORI 

NUM9I  R 

pO»03 

H77 

19'99  f 

NO 

AF  PORT 

NuMflf  R 

O0103 

HJ7 

19’.96  t 

N-J 

A*  PORI 

NuMBC  R 

p01O4 

H77 

19197  « 

NO 

Af  PORT 

NUMBER 

pO»04 

H77 

1919B  4 

*D 

RE  PORT 

NUMBER 

oOl04 

N7? 

19199  B 

NO 

Af  PORT 

NUMBER 

pO»04 

H72 

19190  f 

NO 

nc  PORT 

numrea 

p0'04 

H77 

19191  t 

NO 

Rt^PORI 

NuMBC  A 

p0104 

H77 

I9if7  B 

NO 

AF  PORT 

NUMBCA 

p0l04 

H77 

19>63  • 

NO 

AF  PO^i 

NUMBER 

pO  90 

H77 

19481  B 

AOAAO 

CP  0 ' 7 1 

pOl9i 

H)7 

194B4  « 

NO 

Af  PORT 

7CUM6CR 

pO»9» 

N7? 

19499  B 

No 

AF  POR’ 

NUMBER 

pO»9i 

N?: 

19406  0 

No 

AF  PORT 

NUMBER 

pois  1 

N?2 

19497  4 

NO 

AF  PORI 

NUMBC  A 

p019l 

N72 

19480  9 

NO 

RF  PORT 

NU^Bf  A 

pO'O’ 

H'2 

•9400  0 

o» 

at  pr>QT 

P141  iMRf  R 

pOl9  1 

H77 

19490  0 

NO 

At  PORT 

NUM9EA 

pO«9i 

H77 

19491  • 

NO 

Af  PORI 

NUMBER 

pOl9l 

H77 

19492  f 

N') 

At  PORI 

NUMBER 

o0«92 

H77 

19493  « 

NO 

Rc  PO<|I 

NuMBC  A 

p0 1 9 2 

H7  2 

19494  f 

NO 

Ri P0“^ 

NUMRf  H 

pOl92 

H!7 

19409  * 

NO 

PI  P'jR' 

NUMBF  fl 

0OI92 

HU 

19496  4 

NO 

At  PT;BI 

NUMBf  A 

pO«92 

H77 

1949;  t 

SO 

Af  PORT 

N'JMFTFR 

pOi92 

H7  2 

19499  4 

NO 

HF  PORT 

NUMBER 

pOI02 

N72 

10409 

NO 

AEPOAT 

NUMBER 

pOl02 

N72 

I0UX 

NO 

REPORT 

NUMBER 

pOII2 

N72 

10SO1 

4 

NO 

Rf  PORT 

NUMBER 

OO103 

N72 

10002 

NO 

REPORT 

NUMBER 

pOl93 

M72 

10903 

NO 

RE  PO0T 

NUMBER 

pOT93 

N72 

10904 

4 

NO 

Rf  PORT 

NUMBER 

pOlt) 

N22 

10909 

NO 

REPORT 

NUMBER 

pOl03 

N72 

10900 

NO 

REPORT 

NUMBER 

0OI93 

N72 

10907 

NO 

RCPOAT 

NUMBER 

p0194 

N72 

10900 

NO 

REPORT 

NUMBER 

oOl04 

N72 

10909 

NO 

RC  PORT 

Number 

pOI04 

N72 

19910 

NO 

REPORT 

NUMBER 

pOl94 

N72 

199*1 

NO 

RC  PORT 

number 

pO104 

N72 

19912 

NO 

At  PORT 

NUMBER 

»OI04 

N72 

10913 

NO 

Af  POBT 

NUMBER 

pO104 

N72 

19914 

NO 

report 

NUMBER 

pOl97 

N7r 

10941 

ACARD 

R SBT  71 

0O197 

N72 

19942 

NO 

REPORT  NUMBER 

pOI07 

N72 

19943 

NO 

REPORT  NUMBER 

pOl7S 

N72 

20273 

AOAAO  CP  93 

p017S 

N77 

203  74 

NO 

RC  PORT 

NUMBCA 

p0179 

N72 

20379 

NO 

RE  PORT 

NUMBER 

(<1179 

N72 

303  76 

NO 

REPORT 

NUMBER 

pOl79 

N'/2 

2027? 

NO 

REPORT 

NUM0CR 

pOl76 

N72 

303  7B 

NO 

REPORT 

NUMBER 

rOI  76 

N72 

203  79 

NO 

REP.IRT 

NuMBfR 

(tOI  70 

N72 

30300 

NO 

AC PC R I 

number 

(K)l  70 

N/2 

2026  1 

NASA  C 

^ 126903 

rOi70 

N72 

20202 

NO 

AC  POAT 

NUMBER 

0OI  76 

N72 

20263 

NO 

REPORT  NUMBER 

pOI  7) 

N72 

20204 

NO 

REPORT 

NUMBER 

0O1  77 

N72 

202B9 

NO 

AC  PORT 

NUMBF  R 

p01  77 

N72 

2C286 

NASA  CA  12S904 

0O177 

N72 

2030  7 

NO 

AC  PORT 

NUMBER 

pOl77 

N72 

20260 

NO 

AfPOr.t 

NUMBER 

t»Ol77 

N72 

202B9 

NO 

REPORT 

NUMBER 

pOt  70 

N72 

20290 

NO 

REPORT 

NUMBER 

p01 7B 

N72 

2029* 

NO 

RCPORT 

NUMBER 

pOiTB 

N72 

3u293 

NO 

REPORT 

NUMBER 

pOI  70 

N72 

203S3 

NO 

REPORT 

NUMBER 

p01  7B 

N72 

20294 

NO 

REPORT 

NUMBER 

pona 

N72 

70299 

NO 

At  PONT 

NUMBE  R 

pOUB 

N72 

70296 

f.o 

At  PORT 

Number 

pOl?9 

N72 

2029  7 

NO 

REPORT 

NUMBER 

p0179 

N72 

20296 

NO 

RE  PORT 

NuMBE  R 

C»01 79 

N72 

70299 

NO 

REPORT 

NUMBE  A 

p0179 

N72 

20300 

NO 

RE  PORI 

NUMBC  R 

p0179 

N7? 

2030  •• 

NO 

REPORT 

NUMBC  R 

oOiRi'. 

N7? 

20307 

NO 

REPORT 

NUMBER 

pOIBO 

S72 

20303 

SO 

RCPOAT 

NUMBE  R 

pOlBO 

N72 

20304 

NO 

ACPOAl 

NUMBER 

pOl83 

N72 

203C9 

NO 

REPORT 

NUMBER 

poiao 

N72 

20306 

NO 

REPORT 

NUMBE  R 

pOiBO 

N72 

2030  7 

NO 

REE  JAT 

NUMBER 

p020l 

N7.' 

20491 

AOAAO  A 691 
CARO  691 

p0034 

N7  2 

20976 

AGARO  CP  06 

p0034 

N72 

20077 

NO 

REPORT 

NUMBER 

p0034 

N72 

20978 

NO 

REPORT 

NUMBER 

pCW39 

N72 

20079 

NO 

REPORT 

NUMBER 

p0039 

S72 

20080 

SO 

RE  PORT 

NUMB!  R 

p0039 

N72 

2098  1 

NO 

Rf  PORI 

NUMBER 

pO039 

N72 

20992 

NO 

REPORT 

NUMBF  R 

(.0039 

N72 

20993 

NASA  TM 

* t,8306 

p0039 

N72 

20994 

NO  REPORT 

NUMBE  A 

1,0039 

N72 

2099‘> 

NO  REPORT 

NUM91  R 

p0039 

N72 

20996 

NAS*  TM 

A 68300 

iO036 

N72 

209B? 

NO 

RfPUAI 

NUMB*  R 

p(X)36 

N72 

20988 

NO 

REPORT 

SUMBE  A 

p0036 

N72 

20989 

SO 

REPORT 

NUMBC  R 

1.0036 

N-  2 

20990 

SO 

REPORT 

SUMBE  R 

p0036 

N72 

20991 

NO 

HEPUni 

SuMBt  H 

p0036 

N72 

20992 

SO 

REPORT 

SUMBE  fl 

pO036 

N72 

20991 

SO 

RCi'ORT 

SUMBE  R 

,.0036 

N7? 

20994 

NO 

RfPOMT 

SUMS*  R 

pO036 

N7? 

2099S 

Sf3 

HE  PORT 

SuMBC  R 

,.003  7 

N7? 

20996 

N-) 

RCPOAT 

SUMBE  R 

,.0126 

N7? 

2M7I 

4CA 

AD  (P  97 

(0126 

N72 

71  ’72 

NO 

Af  = )o  r 

SI  M8E  R 

,0126 

N72 

21  :l 

SO 

AC-  )A. 

SUMBE  fl 

,.0126 

N7? 

21  ...4 

NO 

AEt'ORI 

NUMBF  fl 

I.UI26 

N7? 

2 -.  ’2S 

SO 

AF  PORT 

SUM8*  fl 

,.0176 

N77 

?l  126 

*iO 

AfPOHT 

SuMBi  fl 

,.Ol?7 

N7? 

2 112  7 

SO 

Af  PORI 

SuMBf  R 

,012  7 

N7? 

2 : i?fl 

SO 

AF  PORT 

SuMB*  R 

,.o  1 2 • 

%72 

2 1 170 

so 

AC  PORT 

SUMBE  P 

i0'2’ 

N7? 

2 I 130 

N,7 

AfPOHT 

NUMBC  R 

1.012  ' 

N.’7 

3 1 13  1 

NASA  IM  X 60J  I2 

fOt?  7 

S/2 

2*  •3.'» 

SO 

RCPOAT 

NUMBC  fl 

pO'?/ 

N77 

21131 

ST) 

AfPOPT 

SUMB<  fl 

, OI?R 

N72 

71131 

Af  P‘)HT 

SijMBf  H 

1-0I2» 

N72 

2-13S 

ST; 

Rf  PORT 

S'jMB*  ft 

;.oi28 

N72 

21  13*. 

NO 

Hf  t-^HI 

Ni^MBE  I* 

,0128 

N7? 

2 1 1 3 ’ 

»,o 

HI  Pi')t,r 

•fuMB*  R 

*47? 

; ? 39 

•.■) 

REPORT 

NUMBI  R 

(.012R 

N72 

2 1 ' 19 

SO 

RE  PORT 

NuMBE  fl 

,01 28 

N72 

7 1 14A 

N.'> 

AFPT3RT 

SUMBE  fl 

(0129 

N72 

? ■ 1 4 ■ 

S-) 

AFPf)M, 

suMh‘  h 

,.0«29 

N72 

2114? 

SC 

HE  PORT 

SUMBE  R 

ri-“?9 

N U 

2 1 ' 4 1 

TiO 

HF  PURI 

SuMBF  R 

, Ol  2‘7 

N77 

7 1 144 

s« 

RF  P-;AI 

SUMB*  fl 

■yjui 

N77 

? • ‘4‘, 

S' 

HF  PUHT 

fl 

N/7 

2 1 i4f. 

»l«) 

RC  PORT 

•,iiMBE  fl 

|Ol?9 

NT? 

2 114' 

nC‘-flMI 

NUMB'  fl 

PU13;.- 

N72 

2 -.149 

•t( 

flfPORT 

N'JMBT  R 

p0l30 

N73 

21149  9 

NO 

RCPORT 

NUMBER 

pOUO 

N73 

21100  • 

NO 

REPORT 

NUMBER 

t0130 

N72 

2M6I  f 

NO 

REPORT 

NUMBER 

p0i30 

N73 

21162  0 

NO 

REPORT 

NUM4CP 

PO130 

S72 

21103  9 

NO 

REPORT 

NUMBER 

pOl66 

N72 

21211  9 

AOARO  AG  166 

aCaroOCRaPh  isb 

pOT66 

N72 

21312  1 

NO 

REPORT 

NUMBER 

pOT66 

N72 

31213  9 

NO 

RfCORT 

NUMBER 

pOl66 

N73 

21214  • 

NO 

RFPORT 

NUMBER 

pOl65 

N73 

21216  • 

NO 

PfPORT 

NUMBER 

(0160 

N72 

21216  r 

NO 

REPORT 

NUMBER 

pO  160 

N72 

21217  $ 

Nr 

REPORT 

NUMBEm 

POI60 

H72 

2i2ie  f 

N J 

REPORT 

suvecR 

„OT60 

H72 

31219  f 

'.G 

RtPORT 

NUMBER 

pO  66 

N.*2 

21220  9 

NO 

RCPORT 

NUMBER 

pO160 

N72 

312?*  * 

NO 

REPORT 

NUM0ER 

pOi60 

N7? 

?<232  4 

NO 

REPORT 

NUMBER 

pO160 

N72 

3W33  f 

NO 

REPORT 

NUMBER 

P0167 

N7? 

21224  t 

NO 

REPORT 

NUMBER 

C0167 

N72 

2U26  « 

NO 

REPORT 

NUMBER 

,0167 

N72 

?I326  « 

NO 

REPORT 

NUMBER 

,0167 

H72 

21227  • 

NO 

REPORT 

NUMBE  R 

,02  1 7 

h7? 

21S90  B 

AOAAO  Afl  40 

cO207 

H72 

2IBI9  • 

aOaAO  Afl  4 ' 

NASA  TM 

% 67741 

P02B6 

H72 

71900  9 

AGARO  CP  98 

o02B6 

H72 

21901  f 

NO 

REPORT 

NUMBER 

pO20S 

M72 

7190?  • 

NO 

REPORT 

NUMBER 

,03BS 

N72 

2 1903  • 

NO 

REPORT 

NUMBER 

p026S 

N72 

7 1904  B 

NO 

REPORT 

NUMBE  R 

(0280 

N72 

21906  B 

NASA  TM 

4 68301 

pO280 

N72 

21900  f 

NO 

RfPOflT 

NUMBE  R 

OO280 

N72 

21907  * 

NO 

REPORT 

NUMBER 

pO280 

N72 

2190B  9 

NO 

REPORT 

NUMBER 

,0306 

N72 

21909  B 

NO 

RCPORT 

NUMBER 

(.0266 

N72 

21910  4 

NO 

REPORT 

NUMBER 

1 0287 

N72 

21911  B 

SO 

REPORT 

number 

rO?87 

N72 

21912  • 

NO 

REPORT 

NUMBER 

PU207 

N72 

21913  • 

NO 

REPORT 

NUMBER 

p0287 

N72 

21914  0 

NO 

REPORT 

NUMBER 

50207 

N72 

21916  • 

NO 

REPORT 

NUMBER 

,0207 

N73 

21916  • 

NO 

REPORT 

NUMBER 

1.0207 

N72 

21917  0 

NO 

REPORT 

NUMBER 

(.0380 

N72 

219)0  • 

NO 

REPORT 

NUMBER 

p0288 

N72 

719)9  • 

NO 

REPORT 

NUMBER 

pO2B0 

N72 

71920  • 

NO 

REPORT 

NUMBER 

r'^?0R 

Nl? 

■MQ7»  • 

NO 

flfPnST 

NUM0FP 

i-O:08 

N72 

2’92?  • 

NO 

PfPnflT 

NUMBER 

,.0280 

N?3 

21923  • 

NO 

REPORT 

NUMBER 

,>0280 

N?2 

2 ‘924  • 

NO 

REPORT 

NUM6CR 

,0209 

N72 

2 1926  • 

NO 

REPORT 

NUMBER 

1O209 

N?2 

2 >926  4 

NASA  IM 

X 68304 

,0209 

S7? 

2192’  • 

NO  fltflORT 

NUMBER 

PO209 

N72 

2 1920  • 

NE. 

REPORT 

NUMBER 

(0289 

N72 

21929  • 

NC 

REPORT 

NUMBER 

p0289 

HI2 

71930  0 
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